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1. Section 2.3.1, page 2-4, second sentence of second paragraph 

The sentence is revised for accuracy.   

This approach does not includes remediation of non-SPFC urban levees, although as it is 

recognized that some non-SPFC levees can affect flooding within the SPFC Planning Area. 

 

2. Section 2.4.1, page 2-7, last sentence of first paragraph 

The sentence is revised for accuracy.   

Also, this approach does not includes improvements to non-SPFC levees that protect some urban 

areas. 

 

3. Section 2.5.1, page 2-10, last sentence of first paragraph 

The sentence is revised for accuracy.   

Also, this approach does not includes improvements to non-SPFC levees that protect some urban 

areas. 

 

4. Section 2.5.1, Page 2-11      

Figure 2-3 “Improvements Included in Enhance Flood System Capacity Approach” is replaced 

by the correct version in the following page. 
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5. Section 2.7, page 2-28, the second bullet from the top  

The bullet is deleted due to duplication (previously shown on page 2-27):   

 Would increase the population receiving at least a 100-year (1% annual chance) level of 

flood protection from about 25 percent to over 90 percent compared with existing 

conditions 

 

6. Section 3.9, page 3-24, last sentence of third paragraph 

The sentence is revised for accuracy.   

The SSIA includes management actions (see Section 3.5.9) (see Section 3.5.7), and a cost 

allowance, to lessen or mitigate the impacts compared with current conditions. 
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Foreword
More than one million Californians live and work in the floodplains of the 
Sacramento-San Joaquin Valley where flood risks are among the highest in 
the nation. In response to this threat to people, property and the environment, 
the Central Valley Flood Protection Act of 2008 directed the Department of 
Water Resources (DWR) to prepare the Central Valley Flood Protection Plan 
(CVFPP) for Central Valley Flood Protection Board adoption. The CVFPP is 
the most comprehensive flood management planning effort ever undertaken in 
California, addressing flood risks in an integrated manner while concurrently 
improving ecosystem functions, operations and maintenance practices, and 
institutional support for flood management.

In preparing the CVFPP, DWR examined a range of potential approaches for 
improving flood management. The recommended approach – known as the State Systemwide Investment 
Approach (SSIA) – sets forth a strategy for responsibly meeting the State’s objectives to improve public 
safety, ecosystem conditions, and economic sustainability, while recognizing the financial challenges facing 
local, State, and federal governments today. Under this approach, California will prioritize investments in 
flood risk reduction projects and programs that incorporate ecosystem restoration and multi-benefit projects, 
without precluding future actions, such as those presented in the Enhance Flood System Capacity Approach, 
should additional State and federal funding become available.

The SSIA outlines a sustainable flood management strategy that will support California’s vital agricultural 
economy, maintain agricultural land uses, limit growth in undeveloped floodplains, and provide policies, 
programs, and incentives to encourage wise long-term floodplain management. The SSIA includes  
significant capital investments to strengthen levees that protect existing urban areas and small communities, 
prioritizing improvements to the 1,600-mile levee system included in the State Plan of Flood Control.  The 
SSIA also will help improve system resiliency in the face of climate change by expanding flood conveyance 
capacities, coordinating reservoir operations, and restoring floodplains. 

In the coming years, DWR will continue to work collaboratively with local, State, and federal agencies,  
environmental interests, and other parties to develop regional flood management plans and focus invest-
ments on expanding flood bypasses to lower flood risks in flood prone areas.  In addition, DWR will  
continue to refine the CVFPP as projects and policies evolve, additional information is gathered, elements 
are implemented, and funding becomes available. 

With the support and cooperation of partnering and permitting agencies, property owners, interest groups, 
and the public at large, DWR is committed to making real improvements every year — including stronger 
levees, enhanced flood capacity, a healthier ecosystem, improved preparations for and responses to flood 
emergencies, greater resiliency, and leaner, more efficient operations. With California’s first-ever CVFPP, 
we have a path for improving public safety, environmental stewardship, and long-term economic stability.

Mark W. Cowin, Director
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SECTION 1.0 | RESPONDING TO THE NEED FOR IMPROVED  
FLOOD MANAGEMENT IN THE CENTRAL VALLEY

The Central Valley Flood Protection Plan (CVFPP) is a critical document to guide 
California’s participation (and influence federal and local participation) in managing 
flood risk along the Sacramento River and San Joaquin River systems. The CVFPP 
proposes a systemwide investment approach for 
sustainable, integrated flood management in areas 
currently protected by facilities of the State Plan of 
Flood Control (SPFC). The CVFPP will be updated 
every five years, with each update providing support 
for subsequent policy, program, and  
project implementation.

The State of California (State) conducted planning 
and investigations for the 2012 CVFPP from 2009 
through 2011, representing the most comprehensive 
flood evaluations for the Central Valley. Following 
the anticipated adoption of the CVFPP in 2012 by 
the Central Valley Flood Protection Board (Board), 
preparation of regional- and State-level financing 
plans will guide investments in the range of $14 
billion to $17 billion during the next 20 to 25 years. 
These financing plans are critical to CVFPP imple-
mentation, given the uncertainty in State, federal, 
and local agency budgets and cost-sharing capabili-
ties. Figure 1-1 shows the progression of flood plan-
ning, financial planning, and project implementation 
leading to the 2017 update of the CVFPP  
and beyond.

Implementation of some elements included in the 
CVFPP began in January 2007 when bond funding 
provided a down payment towards SPFC improve-
ments outlined in the CVFPP. On-the-ground con-
struction has begun to solve some key levee prob-
lems, and management of the system has improved. 
With adoption of the CVFPP, the pace of implemen-
tation should significantly increase.

1.0 RESPONDING TO THE NEED FOR  
 IMPROVED FLOOD MANAGEMENT IN  
 THE CENTRAL VALLEY
1.1 What is the Central Valley Flood Protection Plan?

WHY A FLOOD RISK REDUCTION PROGRAM IS  
NEEDED IN THE CENTRAL VALLEY 

•	 Existing	level	of	flood	protection	–	among	lowest	for		
metropolitan	areas	in	the	Nation

•	 State	Plan	of	Flood	Control	urban	levees	–		
about	half	do	not	meet	current	engineering	criteria

•	 State	Plan	of	Flood	Control	nonurban	levees	–	about		
60	percent	have	relatively	high	potential	for	failure

•	 Population	at	risk	–	about	1	million	in	floodplains

•	 Assets	at	risk	–	about	$70	billion	

•	 Lands	within	Federal	Emergency	Management	Agency	
100-year	(1%	annual	chance	of	occurrence)	floodplain	–	
1.2	million	acres

•	 Cumulative	flood	damages	in	1983,	1986,	1995,	and	1997	–	
well	in	excess	of	$3	billion	(2011	cost	level)	

•	 Flood	in	1997:

 »  All Central Valley counties declared disaster areas
 »  Over 120,000 people evacuated
 »  Over 9,000 homes destroyed
 »  Many businesses flooded
 »  Thousands of acres of agricultural land flooded
 »  Over $1 billion (2011 price level) in direct flood dam-

ages

•	 Potential	economic	losses	–	disruption	in	local,	regional,	
and	State	economies

•	 Ecosystem	–	riparian	habitat	and	key	species	in	crisis

•	 Operations	and	maintenance	–	flood	risk	reductions		
actions	and	ecosystem	needs	not	often	in	harmony
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During the next five years (2012 to 2017), flood managers will continue to build 
infrastructure improvements that upgrade levees in high risk urban areas and will 
begin other flood management improvements. Subsequent infrastructure improve-
ments will be based on results of detailed feasibility studies that consider improve-
ments for high risk urban areas, small communities, rural-agricultural areas, and 
more complicated systemwide facilities, such as bypass expansions. Integral to these 
improvements will be the inclusion of environmental considerations in all phases of 
flood management planning and implementation.

1.2  Setting and Historical Context
Floods have had devastating effects on life and property in the Central Valley and on 
the economic prosperity of the State of California. The most recent significant floods 
in the Central Valley, which occurred in 1986 and 1997, together caused over $1 bil-
lion in damage1 (U.S. Army Corps of Engineers [USACE], 1997). Despite the pro-
tection provided by the current flood management system, residual flood risk in the 
Central Valley remains among the highest in the country. Currently, even small flood 
events with a 5 % annual chance of exceedence can stress parts of the flood system.

The Central Valley of California is a broad, gently sloping valley that drains into 
the largest estuary on the West Coast, the Sacramento-San Joaquin Delta (Delta). 
Lower-lying lands along the valley’s two major rivers, the Sacramento River and the 
San Joaquin River, were floodplains that were regularly inundated for long periods 
during large, seasonal flood events before reclamation. The valley is bounded on 
the west by the Coast Range, on the north by the Cascade Range, and on the east by 
the Sierra Nevada Range. The most devastating floods are caused by warm Pacific 
storms that sweep in from the west or southwest, picking up moisture over thou-
sands of miles of ocean, causing torrential rains when intercepted by the mountains 
surrounding the Central Valley.

1 Sacramento and San Joaquin River Basins, California Post-Flood Assessment (USACE, 1999).

Floodplain
O&M

ER

Central Valley 
Flood Protection 

Plan

Systemwide 
Management

Flood System 
Financing Plan

Statewide 
Financing

Program 
Implementation

Systemwide / Regional 
and Site-Specific 

Projects

Figure	1-1.		Rollout	of	Future	Programs
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SECTION 1.0 | RESPONDING TO THE NEED FOR IMPROVED  
FLOOD MANAGEMENT IN THE CENTRAL VALLEY

Catastrophic floods in the Central Valley have 
been documented since the mid-1800s. Hydrau-
lic mining in the Sierra Nevada Mountains in the 
late 1800s sent large amounts of sediment down-
stream, choking the channels of rivers such as the 
Yuba River, Feather River, and American River 
and increasing flooding by raising channel beds 
above their natural levels and surrounding lands.

In response to frequent flood events and the chal-
lenges posed by the huge and recurring sediment 
loads created by hydraulic mining, the current 
flood management system has evolved through 
an incremental learning and construction process 
(Figure 1-2). SPFC facilities have been construct-
ed through the individual and combined efforts of local, State, and federal agencies. 
The facilities were constructed with materials at hand over many decades, to evolv-
ing design standards and construction techniques. As a result, these facilities provide 
varying levels of protection, depending on when and how they were constructed 
and upgraded. Construction of these facilities has also resulted in loss of floodplain 
habitats and marshes.

The process was originally driven by the need to defend the developing valley floor 
against periodic floods while maintaining navigable channels for commerce. Over 
time, with development of the railroads in the late 1800s and early 1900s, and the 
highway system since then, river navigation has become less economically im-
portant. However, the importance of Central Valley rivers and floodplains as con-
duits for municipal, industrial, and agricultural water supply, fisheries and wildlife  
habitat, and recreation has increased as a result of population growth and environ-
mental degradation in the State.

The Central Valley flood management system includes levees along the major rivers 
and streams of the valley floor and around the islands of the Delta, a major bypass 
system for the Sacramento River and its tributar-
ies, several bypass segments along the San Joa-
quin River, and reservoirs on almost all major 
rivers and streams draining to the Central Valley.

Levee construction and improvement began in 
about 1850 and continues to this day. The Sacra-
mento River bypass system was federally autho-
rized in 1917. It includes a system of flood relief 
structures and weirs that release Sacramento River 
flows into the bypass system when flows exceed 
downstream channel capacity at five locations, 
from the latitude of Chico to Sacramento (see  
Section 1.2.1). At the latitude of Sacramento,  
the Yolo Bypass carries 80 percent or more of 
floodflows southward to the Delta.

1862	Flooding	in	Sacramento

Construction	of	Yolo	Bypass	Levee
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Sacramento River Basin

San Joaquin River Basin

1850  First levee built in Sacramento

1917 Sacramento River Flood 
 Control Project authorized

1944 Shasta Dam was built

1955  Folsom Dam was built

1967 Oroville Dam was built

1969 New Bullards Bar Dam was built

1944 Lower San Joaquin River and
 Tributaries Project

1949  Friant Dam completed

1955 Bypasses and levees authorized 
 on San Joaquin River above 
 Merced River

1963 Camanche Dam was built

1964 New Hogan Dam was built

1967 New Exchequer Dam was built

1971 New Don Pedro Dam was built 

1978 New Melones Dam was built

1993 Redbank/Fancher Creeks Project  

Significant Flood Management Events

1849 California Gold Rush

1850 Federal Arkansas Act giving 
 away “California Swamplands”

1850 California Statehood

1861 State Flood Control Act

 Reclamation District Act

1883 Federal Anti-Debris Act ends 
 hydraulic mining

1911 State Reclamation Board created

1933  Central Valley Project authorized

2003 Paterno Decision

2005 DWR Flood Warning White Paper

2006 Propositions 1E and 84 passed 

2007 Flood Management Reform Legislation

1849 Sutter’s Mill

1862 Flood in Sacramento

1955 Folsom Dam built

1997 Flood in Central Valley

1949 Friant Dam built

1907 Flood in Stockton

1978 New Melones Dam built

Figure	1-2.		Chronology	of	Flood	Management-Related	Actions	in	Central	Valley

1978 New Melones Dam built

1949 Friant Dam built

1955 Folsom Dam built

1997 Flood in Central Valley

1849 Sutter’s Mill

1862 Flood in Sacramento

1907 Flood in Stockton
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SECTION 1.0 | RESPONDING TO THE NEED FOR IMPROVED  
FLOOD MANAGEMENT IN THE CENTRAL VALLEY

Nearly 150 reservoirs have been constructed on streams draining to the Central  
Valley since 1850 by a variety of public agencies, including utilities, water districts, 
the USACE, the U.S. Department of the Interior, Bureau of Reclamation (Recla-
mation), and the California Department of Water Resources (DWR). Of these, ten 
major multipurpose reservoirs play a critically important role in moderating Central 
Valley flood inflows2:

• Shasta Lake on the Sacramento River
• Lake Oroville on the Feather River
• New Bullards Bar Reservoir on the Yuba River
• Folsom Dam on the American River
• Camanche Reservoir on the Mokelumne River
• New Hogan Reservoir on the Calaveras River
• New Melones Reservoir on the Stanislaus River
• New Don Pedro Reservoir on the Tuolumne River
• Lake McClure on the Merced River
• Millerton Lake on the San Joaquin River

These reservoirs are operated in accordance with flood control rules established by 
USACE. In general, the flood control rules require that during the flood season, a 
portion of the storage space in the lake is reserved for capturing floodflow peaks and 
releasing them gradually so that downstream channel capacity is not overwhelmed. 
In some reservoirs, the required flood control space is adjusted in proportion to the 
seasonal precipitation, soil moisture, and snowpack. This space is drained as quickly 
as feasible after each flood peak to be ready for the next floodflow peak. The rules 
are tuned to the particular runoff characteristics of each river basin.

During major flood events, there is close coordination between State, federal, and  
local agencies to forecast weather and runoff conditions, manage and coordinate 
flood releases from the reservoir system, patrol and floodfight along the levee and 
bypass system, and operate the Sacramento Weir, drainage pumps, and other flood 
control structures. These activities are important in preparing for and coordinating 
responses to damaging flood events. The effort required varies significantly from 
basin to basin due to differences in river flows, shown in Figure 1-3. The figure  
displays historical maximum three-day floodflows in the Sacramento and San  
Joaquin River basins. Instead of using instantaneous peak flows, maximum three-
day flows were selected to provide more consistent comparisons of the highest flood 
flows each year due to the large basin size and reservoir regulation of floods.

2 Note: The rivers draining into the Tulare Lake Basin, including the Kings River, Kaweah River,   
 Tule River, and Kern River, are not considered to be part of the Sacramento-San Joaquin River   
 System, but Kings River drains northward during very wet years, such as 1968 – 1969, 1982 –   
 1983 and 2005 – 2006.
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Major Flood  

USACE has played a key role in plan formulation, design, construction, inspection, 
and floodfighting in the Central Valley since the late 1800s. USACE is responsible 
for the maintenance of navigation, management of hydraulic mining debris, and the 
construction and operation of many of the large multipurpose reservoirs that moder-
ate flows into the Central Valley. USACE continues to be responsible for implement-
ing most federally authorized flood control projects, in partnership with State and 
local agencies.

Figure	1-3.		Sacramento	and	San	Joaquin	Rivers	Hydrographs

Key:  cfs = cubic feet per second



PUBLIC DRAFT | DECEMBER 2011           PAGE 1–7

SECTION 1.0 | RESPONDING TO THE NEED FOR IMPROVED  
FLOOD MANAGEMENT IN THE CENTRAL VALLEY

1.2.1 Definition of State Plan of Flood Control
The SPFC represents a portion of the Central Valley flood management system for 
which the State has special responsibilities, as defined in the California Water Code 
(Figure 1-4, Figure 1-5, and Table 1-1). It is defined as follows:

“…the state and federal flood control works, lands, programs, 
plans, policies, conditions, and mode of maintenance and 
operations of the Sacramento River Flood Control Project 
described in Section 8350, and of flood control projects in the 
Sacramento River and San Joaquin River watersheds autho-
rized pursuant to Article 2 (commencing with Section 12648) 
of Chapter 2 of Part 6 of Division 6 for which the board or 
the department has provided the assurances of nonfederal co-
operation to the United States, and those facilities identified 
in Section 8361.” – California Water Code Section 9110 (f)

The State Plan of Flood Control Descriptive Document (DWR, 2010) provides 
a detailed inventory and description of the levees, weirs, bypass channels, pumps, 
dams, and other structures included in the SPFC.

1.3 Assets Protected by  
 State Plan of Flood Control
Over the last century, the Central Valley has experienced intensive development 
to meet the needs of a growing population. A complex water supply and flood risk 
management system supports and protects a vibrant agricultural economy, several 
cities, and numerous small communities. The SPFC protects a population of over 
one million people, major freeways, railroads, airports, water supply systems, utili-
ties, and other infrastructure of statewide importance, including $69 billion in assets 
(includes structural and content value and estimated annual crop production values) 
(Figure 1-6). Many of the more than 500 species of native plants and wildlife found 
in the Central Valley rely to some extent on habitat existing within the SPFC.

1.4 Current Problems and Future Trends  
 Facing State Plan of Flood Control
Much of the Central Valley levee system was 
built over many years using the sands, silts, 
clays, and soils, including organic soils that 
were conveniently available, often poorly 
compacted over permeable foundations. The 
system was designed to contain the record 
floods of the early twentieth century with the 
aim of fostering development of an agricultur-
ally oriented economy and promoting public 
safety. The subsequent construction of a series 
of multipurpose reservoirs with substantial 
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Figure	1-4.		State	Plan	of	Flood	Control	Facilities,	Sacramento	River	Basin

Key:  cfs = cubic feet per second  SPFC = State Plan of Flood Control  USACE = U.S. Army Corps of Engineers
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Figure	1-5.		State	Plan	of	Flood	Control	Facilities,	San	Joaquin	River	Basin

Key:  SPFC = State Plan of Flood Control  USACE = U.S. Army Corps of Engineers
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flood control capability significantly augmented the capacity of the flood manage-
ment system and contributed greatly to the State’s economic development and public 
safety objectives. These reservoirs constituted the principal response to the mid-
century recognition that extreme floods that were much larger than those that guided 
design of the levee system were reasonably foreseeable.

The latter half of the twentieth century has been marked by a growing awareness of 
the effects of the levee system and the multipurpose reservoirs on the environmen-
tal health of the Central Valley’s rivers and streams and their associated seasonal 
wetland and riparian habitats. The reduction of these habitats to accommodate the 
levee system and the reservoirs has impacted the populations of salmon, steelhead, 
sturgeon, Swainson’s hawks, bank swallows, giant garter snakes, and many other 
wildlife species in the Central Valley. As a result, preservation and enhancement 
of the valley’s remaining wetland and riparian habitat has become an increasingly 
important consideration in the design, construction, operations, and maintenance of 
the flood management system.

FEATURE AND DESCRIPTION AS OF 2010

Project Works

•	 Approximately	1,600	miles	of	levees	
•	 Two	flood	relief	structures	and	one	natural	overflow	area	spilling	floodwaters	from	the	Sacramento	River	into	the	

Butte Basin
•	 Four	fixed	weirs	(Moulton,	Colusa,	Tisdale,	Fremont)	and	one	operable	weir	(Sacramento)	spilling	floodwaters	

from the Sacramento River into the Butte Basin, Sutter Bypass, and Yolo Bypass
•	 Four	dams
•	 Five	control	structures	directing	flow	in	bypass	channels	along	the	San	Joaquin	River
•	 Seven	major	pumping	plants
•	 Channels
•	 Bypasses	and	sediment	basins
•	 Environmental	mitigation	areas
•	 Associated	facilities,	such	as	bank	protection,	stream	gages,	and	drainage	facilities

Lands

•	 Fee	title,	easements,	and	land	use	agreements
•	 Approximately	18,000	parcels

Operations and Maintenance

•	 Two	standard	operations	and	maintenance	manuals
•	 118	unit-specific	operations	and	maintenance	manuals
•	 Maintenance	by	State	and	local	maintaining	agencies	

Conditions

•	 Assurances	of	Cooperation	(as	specified	in	Memorandums	of	Agreement,	the	California	Water	Code,	and 
agreements)

•	 Flood	Control	Regulations,	Section	208.10,	33	Code	of	Federal	Regulations
•	 Requirements	of	standard	and	unit-specific	operations	and	maintenance	manuals
•	 Design	profiles	(1955	and	1957)

Programs and Plans

•	 Historical	documents	and	processes
•	 As-constructed	drawings
•	 Oversight	and	management
•	 Ongoing	programs	and	plans

Table	1-1.		Overview	of	State	Plan	of	Flood	Control



PUBLIC DRAFT | DECEMBER 2011           PAGE 1–11

SECTION 1.0 | RESPONDING TO THE NEED FOR IMPROVED  
FLOOD MANAGEMENT IN THE CENTRAL VALLEY

Figure	1-6.		Geographic	Distribution	of	Assets	and	Population	Protected	by	State	Plan	of	Flood	Control	Facilities
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Although the SPFC has prevented billions of dollars in flood damages since its con-
struction, a better understanding of the risk assessment and engineering standards 
has made it clear that some SFPC facilities face an unacceptably high chance of 
failure. This, combined with continued urbanization in the floodplains, has increased 
the estimated level of flood risk. While the chance and frequency of flooding have 
decreased since construction of the SPFC and multipurpose reservoirs, the damages 
that would occur if a levee were to fail in one of the urban areas are much greater, 
resulting in a net long-term increase in cumulative damages if no action is taken to 
improve the flood management system and limit further development in these areas.

The overall physical condition of SPFC levees is 
summarized in Figure 1-7. To simplify representa-
tion of levee conditions, the figure includes Urban 
Levee Evaluations and Non-Urban Levee Evalua-
tions results that are not directly comparable because 
different evaluation methodologies were used for 
each project. The figure is intended to show broadly 
which levee reaches are of relatively higher, me-
dium, and lower concern, based on physical condi-
tions of the levees. Levees shown as purple (higher 
concern) on the map generally display more perfor-
mance problems than those shown in green (lower 
concern). Results do not reflect economic or life 
safety consequences of flooding, which are key fac-
tors in planning system repairs and improvements.

Including the overall condition of SPFC levees shown in Figure 1-7, an overview of 
the condition of urban levees, nonurban levees, channels, and flood control struc-
tures of the SPFC is as follows:

• Approximately half of about 300 miles of SPFC urban levees evaluated do 
not meet current engineering design criteria3 at the design water  
surface elevation.

• Approximately 60 percent of about 1,230 miles of SPFC nonurban levees 
evaluated have a high potential for failure at the assessment water surface 
elevation4. Nonurban levees were evaluated based on systematic, consistent, 
repeatable analyses that correlated geotechnical data with levee performance 
history, not relative to any current design criteria5. 

3 The design criteria used were based on the Design and Construction of Levees Engineering 
 Manual 1110-2-1913 (USACE, 2000) and Interim Levee Design Criteria for Urban and  
 Urbanizing Areas in the Sacramento Valley, Version 4 (DWR, 2010).

4 Where available, 1955/57 design water surface elevations were used as the assessment water  
 surface elevations. In the absence of 1955/57 design water surface elevations, the assessment 
 water surface elevations were based on freeboard requirements for each levee segment (i.e.,   
 generally 3 feet below the levee crest).

5 This approach was selected because the extent of the Non-Urban Levee Evaluations Project is   
 significantly greater than that of the Urban Levee Evaluations Project, making it difficult to 
 conduct the same level of field explorations and geotechnical data collection performed for  
 Urban Levee Evaluations levees.

UNDERSTANDING FLOOD RISK

As	used	in	this	report,	flood	risk	is	the	product	of	the	
chance	of	flooding	multiplied	by	the	consequences.	
Thus,	flood	risk	increases	with	storm	frequency	and	
severity,	as	well	as	with	floodplain	development.	The	
potential	for	flooding	is	often	underrated	and	misun-
derstood.	For	this	reason,	not	enough	focus	is	placed	
on	flood	preparedness.	An	ongoing	challenge	is	to	fully	
inform	floodplain	residents	and	businesses	of	the		
importance	of	understanding	and	preparing	for		
flooding,	especially	in	levee-protected	areas.
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Figure	1-7.		Summary	of	Physical	Levee	Conditions	Based	on	Levee	Evaluations	Program	Results	

Key:  SPFC = State Plan of Flood Control  
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• Approximately half of the 1,016 miles of channels evaluated in the SPFC 
have a potentially inadequate capacity to convey design flows, and require 
additional evaluation to confirm conditions.

• None of the 32 hydraulic structures or 11 pumping plants inspected by DWR 
for the SPFC were rated “Unacceptable” during the 2009 inspections; how-
ever, many are approaching the end of their design life. Of the 10 SPFC 
bridges inspected by DWR in 2009, 2 were in need of repairs.

The regional and system improvements considered 
in the CVFPP are intended to address a number of 
potential physical threats to the existing flood man-
agement system. These threats are described in the 
Flood Control System Status Report (DWR, 2011). 
For levees in the system, threats include problems 
associated with geometry, seepage, structural insta-
bility, erosion, settlement, penetrations, vegetation, 
rodent damage, and encroachments. For channels of 
the system, threats include inadequacies in overall 
conveyance capacity. For necessary flood manage-
ment structures such as weirs, pumping plants, and 
bridges, threats primarily include inadequate hy-
draulic capacities. The Board continues to address 
encroachments on a site-by-site basis.

The physical and cultural landscape of the Central 
Valley has changed dramatically since the flood 
management system was initially constructed. Popu-
lation growth and economic development behind le-
vees have increased flood risk. In many areas, devel-
opment has outpaced the ability of flood managers 
to implement structural and nonstructural solutions 
needed to control flood damages. Among floodplain 
residents, flood risk is often poorly understood. 
Flood risk management tools such as flood insurance 
and disaster preparedness are often underused.

Development behind levees is often incompatible with periodic flooding, to the det-
riment of public safety and floodplain ecosystems, unless special measures, such as 
elevating or floodproofing buildings, are implemented to limit damages.

Riverine habitats and ecosystem functions have been degraded over time through 
changes in land use, construction of dams and levees, water pollution, and other 
causes. The geographic extent, quality, and connectivity of native habitats along 
Central Valley rivers have all declined. Today, less than 4 percent of the historical 
riparian forests that lined valley streams remain, with a significant portion of this 
forest growing on, or close to, levees of the SPFC.

MANAGING FLOODS VERSUS  
MANAGING FLOOD RISK

Managing	floods	means	building	and	operating	facili-
ties	such	as	dams,	weirs,	levees,	and	pump	stations	to	
safely	store	and	convey	flood	flows	within	designated	
channels	to	reduce	the	chance	of	flooding.		Such	
improvements	can	greatly	reduce,	but	not	entirely	
eliminate,	the	flood	risk.	Often,	floodplains	are	subse-
quently	developed	because	of	the	perception	that	the	
chance	of	flooding	has	been	eliminated.		As	a	result,	
the	overall	flood	risk	can	(paradoxically)	increase	fol-
lowing	construction	of	flood	control	facilities.
Flood	risk	is	the	combined	effect	of	the	chance	of	
flooding	and	the	property	that	would	be	damaged	if	
flooded.		Managing	flood	risk	means	either	reducing	
the	chance	of	flooding	or	the	population	and	property	
exposed	to	flooding,	or	doing	a	combination	of	both.		
Thus,	managing	flood	risk	can	include	flood	control	
facilities,	as	well	as	limiting	floodplain	development,	
elevating	structures	above	flood	elevations,	creating	
natural	flood	storage	and	groundwater	recharge	ar-
eas,	and	using	flood	risk	notification,	flood	insurance,	
and	flood	preparedness.
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The historical practice of constructing SPFC levees close to the river channels to in-
duce sediment scour has, in many cases, interfered with the natural stream meander-
ing process. Where meandering channels begin to erode SPFC levee slopes, erosion 
protection is required to protect the integrity of the system. The result has been the 
placement of several hundred miles of rock revet-
ment protecting about 30 percent of SPFC stream 
banks and waterside levee slopes. Stream banks 
require costly, ongoing maintenance and repairs. The 
Sacramento River Bank Protection Project has pro-
vided the authority and mechanism for placing the 
majority of rock revetment along SPFC facilities.

Faced with limited funding, increasing regulatory 
constraints, and changing expectations for the mul-
tiple uses of the flood management system, it is 
increasingly difficult for State and local agencies to 
maintain levees and channels. This has jeopardized 
eligibility for federal levee rehabilitation funds under 
Public Law 84-99, administered by USACE, and 
levee accreditation under the Federal Emergency 
Management Agency’s (FEMA) National Flood 
Insurance Program.

A recent change in the USACE approach towards woody levee vegetation also poses 
new challenges for those who operate and maintain the existing system of levees. 
Since the levee system failures along the Gulf Coast caused by Hurricane Katrina in 
2005, USACE has taken the position that no woody vegetation should be tolerated 
on or near federal project levees and, through a series of administrative actions, has 
moved to promulgate and enforce this approach. For the California Central Valley, 
woody vegetation is of great ecological and aesthetic value and would be extremely 
costly to remove. Consequently, the State, local maintaining agencies, and environ-
mental groups have been working with USACE to encourage development of a flex-
ible levee vegetation management approach that would achieve public safety goals 
without sacrificing environmental quality and misallocating scarce public funds. 
(This issue is discussed in greater detail in Section 3 with regard to retention of Pub-
lic Law 84-99 Disaster Recovery eligibility, in Section 4 with regard to management 
vegetation on the levees, and at length in Attachment 2 – Conservation Framework).

Operations and maintenance and repairs of the flood management system are dif-
ficult to execute and often deferred for many reasons. These include original system 
designs that do not meet existing engineering standards, inadequate funding, en-
croachments, inconsistent levee maintenance practices among maintaining agen-
cies, and challenges in complying with a variety of State and federal environmental 
permitting and mitigation requirements.

Responsibilities for flood management and land use decisions in the Sacramento-San 
Joaquin Valley are dispersed among many agencies, and flood risk is often poorly 
understood among the floodplain residents. Land use decisions, such as those involv-

Typical	rock	revetment	along	Sacramento	River
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ing development in floodplains, are typically made at the 
local level by counties and cities. Local jurisdictions often 
have economic incentives to support and encourage such 
development. On the other hand, when levees fail, resulting 
in flood damages and loss of life, the costs associated with 
floodfighting, rescue, recovery, and rehabilitation are shared 
by local, State, and federal agencies.

Overlapping jurisdictions across various federal and State 
agencies involved in flood management can lead to incon-

sistent policies and regulations. Coordinating activities within this fragmented juris-
dictional landscape can be challenging, particularly for local entities.

Population increase and distribution will likely drive changes in land use patterns, 
potentially increasing the population at risk from flooding and possibly further 
reducing existing agricultural land and wildlife habitat. Continued urban develop-
ment within major floodplains will also make future changes to the footprint of the 
flood management system progressively more costly, and increase consequences and 
risks (life safety and damages) when the flood management system is overwhelmed. 
Two factors are likely to slow this process in the future. First, FEMA’s flood risk 
map digitizing and risk reassessment efforts will result in remapping of much of the 
SPFC-protected areas with less than 100-year (1% annual chance) flood protection. 
As a result, development in these areas will be more expensive, difficult to insure, 

and subject to flood-proofing or elevation requirements. The 
passage of Senate Bill 56 has set an even higher threshold 
for urban areas by requiring that they ultimately be provided 
with at least 200-year (0.5% annual chance) flood protection 
as a condition for further development.

Climate change will lead to a greater fraction of seasonal 
precipitation occurring as rain rather than snow and sea 
levels will rise. These trends appear to be already established 
and, if they continue as expected, they will put increasing 
stress on California’s flood management system. Floodplain 
risk assessments and development constraints will likely be 
adjusted accordingly. For example, the 100-year and 200-
year (1 % and 0.5 % annual chance) flood events, calculated 
based on historical flood events may become larger for many 
watersheds, with long-term effects on National Flood Insur-

ance Program map ratings, flood insurance costs, floodplain development, and the 
economic viability of floodplain communities. In addition, as the moderating effects 
of snowpack on runoff decrease, there will be a need for more water supply  
storage, putting greater pressure on California’s multipurpose flood control  
reservoirs. Increased temperatures and altered runoff patterns also directly impact 
the health of California’s natural ecosystems and habitats.

6 2007 Senate Bill No. 5, Machado. Flood management.

“100-Year Flood”	is	a	shorthand	expression	
for	a	flood	that	has	a	1	in	100	chance	of	being	
exceeded	in	any	given	year.		This	may	also	be	
expressed	as	the	1	%	annual	chance	of	ex-
ceedence	flood,	or	“1	%	annual	chance	flood”	
for	short.		Similarly,	a	200-year	flood	has	a	1	in	
200	(or	0.5	%)	chance	of	being	exceeded	in	any	
given	year.

Climate	change	is	expected	to	reduce	snowpack	
coverage	in	the	Sierra
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In some portions of the Central Valley, levees are subsiding because of several 
causes, including groundwater extraction, natural gas extraction, and the gradual 
compression or oxidation of weak, organic, or clay foundation soils. Project levees 
in the Delta, in the Knights Landing area of Yolo County, and in other areas, have 
subsided up to several feet over the past century. Such subsidence decreases the 
flood-carrying capacity, and sometimes the structural integrity, of these levees.

Over the past 40 years, State and federal environmental laws and regulations have 
been developed to reduce environmental impacts of human activities, such as those 
related to endangered species, fisheries, wetlands, and water quality. While progress 
has been made in achieving the goal of reducing environmental impacts of human 
activities, more can be achieved in terms of reducing impacts, and restoring some of 
what has been lost. One challenge is that these laws and regulations have added to 
the complexity, cost, and time required to plan, design, construct, operate, and repair 
portions of the flood management system. Future flood management practices will 
need to continue to adapt to current and new environmental regulations.

Collaboration between flood system managers and resource and regulatory agencies 
will be critically important in developing approaches that support long-term inte-
grated management of the flood management system that serves public safety and 
environmental needs. This type of collaboration, which is discussed below, has been 
occurring. While not an exhaustive list, following are some of the challenges to ad-
dress that will improve the ability to manage the system for multiple benefits:

• Addressing the needs of special-status species while also providing for  
the needs of multiple species that may use the habitat in the flood manage-
ment system.

• Existing laws set relatively short time limits for some environmental permits 
given that flood management systems need to be managed in perpetuity.

• The process for developing management agreements for flood control  
projects under the multitude of federal and State environmental laws can be 
costly and complex and, in some cases, has been the responsibility of the 
project proponent, even when the actions provide multiple benefits. Increased 
partnering and leveraging of multiple funding sources will expand the oppor-
tunities for implementing multi-benefit projects.

• Work windows for species protection can challenge flood system manag-
ers in completing required annual maintenance. If habitat is improved and 
increased in and near the flood system, an intended outcome is increases in 
population sizes and, potentially, populations of new species using restored 
areas, which could increase limitations on maintainers and thereby increase 
flood risks. Refining work windows that meet the needs for species protec-
tion and flood activities, both of which can be very constrained by seasonal 
events and conditions, will support integrated management of the  
flood system. 

• Improving habitat in ways that reduce, or at least do not substantially in-
crease, needs for maintenance of flood facilities will be important. Additional 
long-term funding may be needed where such improvements substantially 
increase maintenance needs.
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• Regulatory coverage under the federal Endangered Species Act and the 
California Endangered Species Act will be needed for a broad range of flood 
system management activities. Flood management, resource, and regulatory 
agencies will need to continue to work together to apply the most appropri-
ate mechanisms for given areas and types of work from the variety of tools 
available (e.g., Habitat Conservation Plans, Incidental Take authorizations, 
Safe Harbor Agreements).

Effective interagency collaboration to address some of the issues noted above, and 
others, has been occurring. One example of this is the Interagency Flood Manage-
ment Collaborative Program. Started in 2005 at the request of DWR and including 
local, State, and federal flood control, regulatory, and resource agencies, this  
program was instrumental in accelerating the 29 critical Central Valley levee repairs  
ordered by Governor Arnold Schwarzenegger in early 2006. This program also 
helped create and is supporting development of the Small Erosion Repair Program 
and the Corridor Management Strategy (both discussed in more detail in Attach-
ment 2 – Conservation Framework), and continually provides technical support and 
assistance to the Division of Flood Management in the programs and projects it 
implements. The activities and successes reflect the program’s underlying commit-
ment that effective flood system management and healthy ecosystems can both be 
supported in the ongoing effort to protect public safety.

Land ownership underlying the facilities of the SPFC is a patchwork of private and 
public parcels. A variety of easements cover many private parcels and these ease-
ments have been established for a variety of different and often site-specific  
purposes. The types and terms of these easements relate to, for example, periodic 
flooding, conservation of agricultural land, and habitat restoration. This patchwork 
of land ownership and easement terms both constrains and complicates the potential 
for providing flood or environmental improvements over areas greater than indi-
vidual parcels.

Impacts of modifications to facilities and environmental restoration on adjacent 
properties must also be carefully considered and mitigated, where feasible. For  
example, where wildlife habitat is proposed in proximity to existing agricultural 
lands, the impacts of plowing, spraying, and harvesting of agricultural lands on 
nearby wildlife habitat and, conversely, the impacts of protected species on agricul-
tural lands, must both be carefully addressed to successfully implement long-term 
environmental enhancement projects.

There are several important connections between flood management and water  
quality. Most importantly, floods are capable of mobilizing enormous sediment loads 
and their contaminants, carrying them downstream, and then sorting and redeposit-
ing them. Many of the streams of the Sierra and the Coast Range have large amounts 
of mercury, mainly due to its use in capturing gold from sluice boxes during the 
Gold Rush, and also due to erosion from natural deposits. Mercury poses major ob-
stacles to sediment management and ecosystem restoration where it occurs in large 
concentrations, such as in Cache Creek and the Cache Creek Settling Basin. 
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When levees fail, the inundation of homes, farms, businesses, and industries often 
results in the release and dispersion of highly toxic chemicals, which can have far 
reaching health and economic effects. All of these water quality concerns will  
continue to affect flood management programs by requiring that contaminants and 
toxics be addressed in the planning, design, construction, and maintenance phases of 
flood management projects, most likely intensifying in the future.

Major capital improvement and routine maintenance of the flood management 
system are primarily dependent on public funding generated by State, federal, and 
local sources. Flood risk management programs must compete with numerous other 
pressing funding needs such as education, transportation, health, and welfare. Major 
infusions of funding for flood risk management have historically followed major 
floods, when public attention is focused on the catastrophic damages they cause. For 
example, Propositions 1E and 847, with a combined bond funding capability of $4.9 
billion, were approved by California voters little more than a year after Hurricane 
Katrina flooded and destroyed much of New Orleans, killing over 1,200 people. 
However, flood risk reduction programs and infrastructure need steady, long-term 
funding to achieve and sustain the requisite level of protection. Governments at all 
levels struggling with heavy debt burdens, recession-damped revenue projections, 
and rising construction costs all add uncertainty for fully funding the flood risk  
management programs and projects described in this report.

1.4.1 Future of State Plan of Flood Control Without  
 Comprehensive Action
In the absence of the CVFPP, current trends would likely continue. Among the most 
notable trends are the following:

• FEMA’s ongoing flood risk mapping program, conducted in coordination 
with State and local communities, will remap the floodplains protected by the 
SPFC with less than 100-year (1% annual chance) flood protection. This will 
impose significant long-term burdens on farms, homeowners, and businesses 
in these areas, including higher flood insurance premiums and limitations on 
repairing, reconstructing, and expanding structures.

• The existing partnership among the federal government, the State, and local 
entities for implementing flood risk reduction projects will continue. Current 
federal regulations strongly favor flood management projects in urban areas. 
Primarily in order to demonstrate a federal interest, flood damage reduction 
benefits of a project must exceed project costs. In other words, the benefit-
to-cost ratio must be greater than one. To be recommended for funding in the 
President’s budget, a more robust benefit-to-cost ratio is generally required. 
Although each of these projects is implemented taking into consideration its 
effects on the system as a whole, this process is by its very nature a piece-
meal approach. These regulations also do not take into account the long-term 

7 Proposition 1E = Disaster Preparedness and Flood Prevention Bond Act of 2006; Proposition 84 = Safe 
Drinking Water, Water Quality and Supply, Flood Control, River and Coastal Protection Bond Act of 2006.
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benefit of integrating environmental restoration projects, thus undervaluing 
the importance of rural projects. The historical federal/State/local partnership 
has created a dichotomous system in which urban areas have a much higher 
level of protection than rural-agricultural areas and receive the majority of 
available funding. Since the passage of Propositions 1E and 84, the State 
has taken a stronger leadership role in the project delivery process, including 
project formulation, design, and advancing of funds to cover much of what 
traditionally has been the federal cost share, with the hope of obtaining credit 
against future State cost-sharing obligations.

• System maintenance will continue to be challenged by the need to complete 
annual maintenance activities such as mowing grass, trimming trees and 
brush, filling burrows, clearing sediment, and restoring patrol roads while at 
the same time minimizing impacts on migrating fish, nesting birds, and hi-
bernating snakes. The result is a combination of rapidly rising costs, shorten-
ing maintenance windows, high mitigation costs, and uncertainty.

• Without improved approaches to improve the effectiveness and efficiency of 
the environmental regulatory process, the complexity of meeting the variety 
of environmental regulations may continue to result in project delays and 
costs and inadequate environmental improvements. Continued collaboration 

at local, State, and federal levels will be important 
in navigating regulatory complexities and crafting 
approaches that will support the shift to long-term 
integrated management of the system that serves 
both public safety and environmental needs.

1.5 State’s Interest in 
  Integrated Flood   
  Management
The CVFPP is drafted with careful consideration 
of the well-represented interests of involved local, 
State, and federal agencies, and special interest, 
nongovernmental organizations. The CVFPP also 
takes into consideration the interests of the State 
as a whole, which are typically not represented by 
any special interest group, in promoting the wise 
stewardship of public funds and natural resources.

The State has a fundamental interest in promot-
ing the health and safety of its people, robust 
and sustainable economic growth, and a healthy 
ecosystem.

Specific to flood management, the State has a 
responsibility for, and primary interest in, build-
ing and maintaining flood management facilities 

SOME IMPORTANT TERMS USED IN THE 

CENTRAL VALLEY FLOOD PROTECTION PLAN

Integrated Flood Management.	This	is	an	approach	for	
addressing	flood	risk	that	recognizes	the	interconnection	
of	flood	management	actions	within	broader	water	re-
sources	management	and	land	use	planning;	the	value	of	
coordinating	across	geographic	and	agency	boundaries;	
the	need	to	evaluate	opportunities	and	potential	impacts	
from	a	system	perspective;	and	the	importance	of	envi-
ronmental	stewardship	and	sustainability.

Sustainable.	A	project	is	considered	“sustainable”	when	
it	is	socially,	environmentally,	and	financially	feasible	for	
an	enduring	period.	For	the	CVFPP,	a	sustainable	proj-
ect	will	also	have	flexibility	to	adapt	to	potential	future	
changes	such	as	climate	change.

Systemwide.	Evaluations	on	a	“systemwide”	basis	con-
sider	how	all	the	parts	of	the	river	basin	and	flood	protec-
tion	facilities	interrelate	in	the	movement	of	floodflows	
from	rim	reservoirs	through	the	Delta.		In	other	words,	the	
evaluations	consider	the	workings	of	the	entire	system	
rather	than	more	traditional	approaches	that	may	only	
evaluate	short	reaches	of	levee	along	a	river.
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along the Sacramento and San Joaquin rivers and their tributaries to preserve the 
welfare of the residents and landowners within reclaimed overflow basins in the 
Central Valley (California Water Code Sections 8532 – 8533). This responsibility 
is inextricably linked to the State’s obligation to comply with environmental laws, 
policies, and directives. As the agency primarily charged with this dual responsibil-
ity, DWR has played a leadership role in developing environmentally sound project 
designs and maintenance practices. Therefore, environmental enhancements are  
 fully integrated into formulation of the flood management approaches presented in 
the CVFPP.

The State is also responsible for responding to emergencies and public threats; thus, 
it is in the State’s interest to invest funds proactively to avoid and mitigate for known 
risks to reduce costly emergency response and recovery.

1.6 Formulation of 2012 Central Valley Flood  
 Protection Plan
The 2012 CVFPP is built on the foundation of Central Valley flood risk management 
efforts dating back to 1850, as documented in the previous sections. In 2006, DWR 
consolidated and coordinated its various flood risk management programs under 
the FloodSAFE California (FloodSAFE) initiative, which incorporates emergency 
preparedness, flood operations, flood risk reduction and ecosystem restoration proj-
ects, flood project maintenance, and comprehensive, systemwide 
assessment and planning to deliver improved flood protection as 
quickly and efficiently as possible.

This long-term planning document will address the flood man-
agement challenges discussed in the previous section as part of a 
sustainable, integrated flood management approach. The CVFPP 
is a descriptive document. It is not a systemwide feasibility study 
of sufficient detail to support project-specific actions such as 
authorizing legislation, design, and construction. It is intended 
to provide a foundation for prioritizing Central Valley flood risk 
reduction and ecosystem restoration investments, including feasi-
bility studies on appropriate scales – from valleywide to project-
specific.

The CVFPP was prepared in coordination with local flood man-
agement agencies, the Board, USACE, FEMA, and Reclamation. 
It is supported by data, analyses, and findings from related Flood-
SAFE efforts. These include the State Plan of Flood  
Control Descriptive Document, the Flood Control System Status 
Report, and the CVFPP Program Environmental Impact Report 
(DWR, anticipated 2012), being prepared in parallel with the 
CVFPP and documented in interim products and reference docu-
ments (Figure 1-8).

CENTRAL VALLEY FLOOD  

PROTECTION ACT OF 2008

California	Water	Code	Section	9603	(a)	
“The	Central	Valley	Flood	Protection	
Plan	shall	be	a	descriptive	document,	
and	neither	the	plan	nor	anything	in	
this	part	shall	be	construed	to	expand	
the	liability	of	the	state	for	the	opera-
tion	or	maintenance	of	any	flood	man-
agement	facility	beyond	the	scope	of	
the	State	Plan	of	Flood	Control,	except	
as	specifically	determined	by	the	board	
pursuant	to	Section	9611.	Neither	the	
development	nor	the	adoption	of	the	
Central	Valley	Flood	Protection	Plan	
shall	be	construed	to	constitute	any	
commitment	by	the	state	to	provide,	to	
continue	to	provide,	or	to	maintain	at,	
or	to	increase	flood	protection	to,	any	
particular	level.”
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Collectively, this body of work fulfills the intent and requirements of the Central 
Valley Flood Protection Act of 2008, embedded in Senate Bill 5 and codified in  
Sections 9600 through 9625 of the California Water Code. Detailed specifications 
for the plan formulation process and its contents are provided for reference in  
Attachment 1 – Legislative Reference. 

In accordance with the requirements of the act, the Board is expected to adopt the 
CVFPP on or about July 1, 2012. The CVFPP will subsequently be updated every 
five years by DWR and submitted to the Board for adoption.

The 2012 CVFPP focuses on improving integrated flood management and flood risk 
reduction for areas protected by facilities of the SPFC (Figure 1-9). While the  
CVFPP focuses on the areas protected by SPFC facilities, the flood emergency 
response and operations and management of facilities in tributary watersheds that 
influence SPFC-protected areas are also considered.

The CVFPP recognizes the connection of flood management actions to water re-
sources management, land use planning, environmental stewardship, and long-term 
economic, environmental, and social sustainability. Integrated flood management 
also recognizes the importance of evaluating opportunities and potential impacts 
from a systemwide perspective, and the importance of coordinating across geo-
graphic and agency boundaries to treat entire hydrologic units.

The CVFPP provides an opportunity to mitigate some of the negative effects of  
current trends while promoting wise investments of federal, State, and local funds, 
as in the following examples:

• The CVFPP will emphasize wise floodplain management, which, in concert 
with FEMA’s National Flood Insurance Program, will limit excessive flood-
plain development and promote continued sustainability of the current rural-
agricultural economy and small communities.

• Investments in levees and other flood protection infrastructure will be con-
sidered on a systemwide basis. It is likely that urban communities, with the 
greatest concentrations of population and damageable property, will continue 

CONTRIBUTING DOCUMENTS
CENTRAL VALLEY

FLOOD PROTECTION
PLAN

SPFC
Descriptive 
Document

Flood Control 
System Status 

Report

2012
CVFPP

What Is the SPFC? How Is the SPFC Performing? How to Improve SPFC Performance

Key: CVFPP = Central Valley Flood Protection Plan  SPFC = State Plan of Flood Control

Figure	1-8.		Contributing	Documents
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Figure	1-8.		Contributing	Documents

Figure	1-9.		Geographic	Scope	of	Central	Valley	Flood	Protection	Plan

SECTION 1.0 | RESPONDING TO THE NEED FOR IMPROVED  
FLOOD MANAGEMENT IN THE CENTRAL VALLEY
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to receive the greatest share of available federal and State funds. However, 
the CVFPP gives careful attention to fixing known weaknesses in the rural-
agricultural levee system and also protecting small communities. Because 
rural-agricultural areas are less developed, the State is interested in seeing 
more nonstructural improvements, as these often can have lower long-term 
annual operations and maintenance costs and greater system benefits. With 
this in mind, the CVFPP provides a framework for a much broader benefit 
analysis than the traditional approach, which relies almost entirely on the 
benefit-to-cost ratio and net economic development indicators to guide in-
vestments. The CVFPP considers potential system improvements, such as  
expanded bypasses and associated ecosystem enhancements, which are  
beyond the sponsorship capabilities of even the most robust local agencies.

• The CVFPP proposes to take an integrated system approach to maintenance 
and ecosystem restoration. In practice, this means an approach that promotes 
implementation of a future flood management system footprint that provides 
additional habitat area to help support recovery of listed species and other 
State conservation goals while reducing flood risk by reducing long-term 
maintenance needs.

• The CVFPP focuses on implementation and considers the sequential phasing 
of incremental elements of the programs. This approach relies on develop-
ment of a firm technical foundation to inform implementation actions in 
future CVFPP phases, with an initial focus on the most urgent flood manage-
ment system needs. It also supports development of a sound funding strategy 
to pursue effective, long-term flood management in the Central Valley.

1.6.1 Outreach Activities Informing Central Valley  
 Flood Protection Plan

DWR initiated an extensive communications and engagement process 
for the 2012 CVFPP by reaching out to partnering agencies, interested 
parties, and the public, allowing them to share and solicit information 
and offer input and recommendations. The intent was to facilitate open 
communication and provide opportunities to participate in CVFPP  
development in a variety of ways, depending on interest and  
availability.

A comprehensive, multiphase, public engagement planning process was 
essential in developing the CVFPP. Figure 1-10 depicts the phases and 
major components of the engagement process. In addition, all public 
engagement activities are detailed in  
Attachment 5 – Engagement Record.

CENTRAL VALLEY FLOOD  

PROTECTION ACT OF 2008

California	Water	Code	Section	
9615.	“For	the	purposes	of	prepar-
ing	the	plan,	the	department	shall	
collaborate	with	the	United	States	
Army	Corps	of	Engineers	and	the	
owners	and	operators	of	flood	
management	facilities.”
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Throughout the planning process, many different 
venues promoted open and transparent communi-
cation about important integrated flood manage-
ment issues and provided partners and interested 
parties with opportunities to participate in CVFPP 
development. DWR staff also communicated 
and met with many local maintaining agencies to 
solicit feedback on levee performance issues and 
confirm preliminary results of DWR levee assess-
ments (for both urban and nonurban levee evalu-
ations). Using this information, DWR, USACE, 
the Board, and their partners worked together to 
characterize problems and future trends, shape 
and define goals and planning principles, formu-
late management actions, and evaluate possible 
solutions for integrated flood management. These 
efforts will also be vital to implementation of  
the CVFPP.
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KEY:  Board = Central Valley Flood Protection Board  CVFPP = Central Valley Flood Protection Plan

Figure	1-10.		Communication	and	Engagement	Process

ENGAGING CALIFORNIA’S TRIBAL COMMUNITIES IN 

FLOOD MANAGEMENT IMPROVEMENTS

The	State	respects	the	perspectives	and	opinions	held	
by	California’s	Tribal	communities.	To	that	end,	the	CVFPP	
communication	and	engagement	approach	included	
regular	communication	with	Tribal	representatives,	and	
utilized	the	California	Water	Plan	Tribal	Communications	
Committee	to	share	and	receive	information	relevant	to	
the	CVFPP.	
It	will	be	important	and	necessary	for	local,	regional,	
State,	and	federal	government	agencies	to	collabo-
rate	with	Tribal	governments	during	the	planning	and	
implementation	of	flood	management	actions.		The	local	
implementation	approach	will	help	ensure	that	historical	
and	valued	Tribal	lands	are	respected	and	considered	as	
planning	for	flood	management	improvements	continues.
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1.6.2 Central Valley Flood Protection Plan Goals
Primary Goal

• Improve Flood Risk Management – Reduce the chance of flooding, and 
damages once flooding occurs, and improve public safety, preparedness, and 
emergency response through the following:

 »  Identifying, recommending, and implementing structural and non-
structural projects and actions that benefit lands currently receiv-
ing protection from facilities of the SPFC.

 »  Formulating standards, criteria, and guidelines to facilitate imple-
mentation of structural and nonstructural actions for protecting 
urban areas and other lands of the Sacramento and San Joaquin 
river basins and the Delta.

Supporting Goals

• Improve Operations and Maintenance – Reduce systemwide mainte-
nance and repair requirements by modifying the flood management systems 
in ways that are compatible with natural processes, and adjust, coordinate, 

COMMUNICATION AND ENGAGEMENT

DWR	has	gone	through	considerable	effort	in	getting	stakeholder	feedback	and	informing	a	variety	of	groups	and	
individuals	across	the	CVFPP	planning	area.		Subjects	have	been	as	varied	as	the	interest	groups	themselves.	
With	nearly	300	meetings	and	more	than	40	publications,	in	addition	to	a	Web	site	and	webinars,	the	CVFPP	has	
focused	on	including	interested	parties	and	the	public.	
Initial	meetings	with	organizations	and	individuals,	January	and	February	2009

•	 113	meetings	with	individuals	and	organizations	across	the	planning	area	

Regional	and	Valleywide	forums,	June	2009,	2010,	and	December	2010
•	 7	Forums	in	various	areas	valleywide

Work	groups	covering	regional	conditions	and	management	actions,	August	2009	–	November	2010
•	 55	meetings	with	stakeholder	participation	across	the	planning	area

Special	Topic	work	groups	and	subcommittees,	August	2009	–	November	2011
•	 36	meetings	covering	a	variety	of	subjects	and	attended	by	a	variety	of	stakeholders

Workshops	on	Flood	Management	Actions	and	levee	design	criteria,	July	2010	–	September	2011
•	 20	workshops	focusing	on	technical	issues

Briefings	to	and	coordination	with	local	government,	Legislature,	interest	groups,	work	groups,	and	media,		
January	2010	–	May	2011

•	 46	briefings	on	specific	subjects	of	concern	and	general	information	to	individual	groups

Tribe	and	tribal	organization	briefings,	October	2009	–	February	2011
•	 17	briefings	for	various	Tribes	and	Tribal	organizations	on	a	variety	of	subjects

Numerous	newsletters,	fact	sheets,	flyers,	posters,	and	reports	were	distributed	to	stakeholders	via	e-mail	and	in	
meetings	and	workshops	from	May	2009	to	the	present	on	a	variety	of	flood	topics,	including	technical	and	envi-
ronmental	work	associated	with	the	CVFPP.
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and streamline regulatory and institu-
tional standards, funding, and practices 
for operations and maintenance, including 
significant repairs.

• Promote Ecosystem Functions –  
Integrate the recovery and restoration of 
key physical processes, self-sustaining 
ecological functions, native habitats, and 
species into flood management system  
improvements.

• Improve Institutional Support – Develop 
stable institutional structures, coordination 
protocols, and financial frameworks that 
enable effective and adaptive integrated 
flood management (designs,  
operations and maintenance, permitting, 
preparedness, response, recovery, and land 
use and development planning).

• Promote Multi-Benefit Projects –  
Describe flood management projects and 
actions that also contribute to broader 
integrated water management objectives 
identified through other programs.

CVFPP Goals, described above, provide guidance 
for the formulation of its specific policies and 
physical elements. The goals also capture guid-
ance and objectives provided in the authorizing 
legislation (California Water Code Section 9616), 
summarized in the sidebar.

1.6.3 Plan Formulation Process
Plan formulation fo the 2012 CVFPP was a multi-
step process. First, DWR, the Board, and partici-
pants in the outreach process worked together 
to define flood risks and related problems in the 
Central Valley and articulate the CVFPP Goals. 
Basic principles to guide how the plan was to be 
developed and implemented were also collabora-
tively developed.

A wide range of individual management actions 
were identified as possible ways to address the 
goals and planning principles. Management  
actions are individual tactics or strategies, includ-
ing physical improvements and policy changes, 
that address the CVFPP Goals while adhering to 
the planning principles.

The	California	Central	Valley	Flood	Protection	Act	of	2008	
(Senate	Bill	5)	defined	objectives,	codified	in	California	
Water	Code	Section	9616,	for	reducing	the	risk	of	flood-
ing	in	the	Central	Valley.	Per	California	Water	Code		
Section	9616,	the	CVFPP	is	to	describe	both	structural	
and	nonstructural	means	for	improving	the	perfor-
mance	and	eliminating	the	deficiencies	of	levees,	weirs,	
bypasses,	and	other	SPFC	facilities.	Wherever	feasible,	
these	actions	should	meet	multiple	objectives,	including	
the	following:

•	 Reduce	the	risk	to	human	life,	health,	and	safety		
from	flooding,	including	protection	of	public		
safety	infrastructure.

•	 Expand	the	capacity	of	the	flood	management	system	
in	the	Sacramento-San	Joaquin	Valley	to	either	reduce	
floodflows	or	convey	floodwaters	away	from	urban	areas.

•	 Link	the	flood	protection	system	with	the	water		
supply	system.

•	 Reduce	flood	risks	in	currently	nonurbanized	areas.

•	 Increase	the	engagement	of	local	agencies	willing	to	par-
ticipate	in	improving	flood	protection,	ensuring	a	better	
connection	between	State	flood	protection	decisions	and	
local	land	use	decisions.

•	 Improve	flood	protection	for	urban	areas	to	the	urban	
level	of	flood	protection.

•	 Promote	natural	dynamic	hydrologic	and	geomorphic	
processes.

•	 Reduce	damage	from	flooding.

•	 Increase	and	improve	the	quantity,	diversity,	and	connec-
tivity	of	riparian,	wetland,	floodplain,	and	shaded	riverine	
aquatic	habitats,	including	the	agricultural	and	ecological	
values	of	these	lands.

•	 Minimize	flood	management	system	operations	and		
maintenance	requirements.

•	 Promote	the	recovery	and	stability	of	native	species’	
populations	and	overall	biotic	community	diversity.

•	 Identify	opportunities	and	incentives	for	expanding	or	
increasing	use	of	floodway	corridors.

•	 Provide	a	feasible,	comprehensive,	and	long-term	financ-
ing	plan	for	implementing	the	CVFPP.

•	 Identify	opportunities	for	reservoir	reoperation	in		
conjunction	with	groundwater	flood	storage.
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Given the large geographic scope and range of perspectives affecting flood manage-
ment solutions in the Central Valley, thousands of potential solutions could have 
been formed by combining the management actions in different ways. Instead, the 
management actions were combined to create a manageable range of flood manage-
ment approaches. Evaluation of these preliminary approaches identified trade-offs 
between benefits, costs, and other decision making factors, and identified the most 
promising elements of each approach.

Computer models were used to evaluate the hydrologic and hydraulic performance 
of the flood management system, comparing the existing system to preliminary 
approaches with various combinations of levee improvements, expanded bypasses, 
and additional reservoir storage. These models simulated storm precipitation, runoff, 
reservoir operations, and flows moving downstream through the system to the Delta. 
The models took into account levee heights and fragility, weir spills, levee failures, 
and other dynamic processes that can occur during major floods. The output from 
these hydrologic and hydraulic models was used in additional models to estimate 
flood damages in the protected floodplains.

This suite of computer models made it possible to evaluate flood system perfor-
mance and the potential systemwide effects (both benefits and impacts) of various 
improvements in terms of flows, velocities, and stages.

Costs of capital improvements and programs were also evaluated on a reconnais-
sance level for the purpose of comparing preliminary approaches. Cost estimates 
used in this report were based on 2011 dollars. More detailed cost evaluations,  
taking into account financing costs, inflation, and implementation time, will be de-
veloped as part of a Financing Plan for the CVFPP and during subsequent feasibility  
study analyses.

Section 2 discusses the preliminary approaches and summarizes how each approach 
meets the legislative objectives and goals of the CVFPP. The State Systemwide  
Investment Approach (SSIA), described in Section 3, was formulated after evalu-
ation of the preliminary approaches and determining that the most reasonable and 
cost-effective approach to reducing flood risks, while addressing other key goals, 
was to combine key elements from each of the three preliminary approaches.

1.6.4 Central Valley Flood Protection Plan Implementation
The CVFPP will guide State, federal, and local actions for improving flood manage-
ment in areas currently protected by facilities of the SPFC. The CVFPP addresses 
the unique responsibilities of the State, as they relate to the SPFC.

The 2007 flood legislation requires cities and counties in the Sacramento-San  
Joaquin Valley to incorporate information from the CVFPP into local land use plans 
and projects after the CVFPP is adopted. Subsequently, cities and counties will also 
be required to make findings related to the urban level of flood protection (California 
Government Code Sections 65865.5, 65962, and 66474.5).
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Future updates to the 2012 CVFPP will incorporate new and revised information and 
also review and realign goals and actions as specific projects are implemented and 
conditions in the Central Valley evolve. Additional activities, such as local and  
regional studies, federal feasibility studies, and environmental compliance evalua-
tions, will occur to support implementation of physical elements or features of the 
CVFPP.

Section 4 describes the framework for formulating the implementation and financing 
strategy for the CVFPP. DWR recognizes that funding provided by Propositions 1E 
and 84 will not be sufficient to realize all of the improvements to flood management 
in the Central Valley envisioned over time. The 2012 CVFPP includes a financing 
strategy to support implementation; however, a detailed implementation schedule 
and financing plan will be prepared after the CVFPP is adopted.

In mutual recognition of the importance of close collaboration and coordination on 
Central Valley flood risk reduction measures, USACE, DWR, and the Board are  

COORDINATION WITH OTHER PROGRAMS AND PROJECTS

DWR	will	continue	to	coordinate	with	other	flood	management	and	ecosystem	enhancement	work	during	CVFPP	
implementation.		Following	are	a	few	key	examples:

Statewide Flood Management Planning Program. 	The	comprehensive	Statewide	Flood	Management	Planning	Pro-
gram	is	assessing	flood	risk	statewide	to	inform	development	of	the	State’s	flood	management	policies	and	invest-
ment	decisions	over	the	next	15	–	20	years.	This	is	a	program	complementary	to	the	CVFPP	that	focuses	on	areas	
outside	the	SPFC,	including	the	Delta.

Delta Stewardship Council’s Delta Plan.	The	Delta	Plan	is	driven	by	coequal	goals	of	providing	a	more	reliable	
water	supply	for	California	and	protecting,	restoring,	and	enhancing	the	Delta	ecosystem.	The	coequal	goals	shall	
be	achieved	in	a	manner	that	protects	and	enhances	the	unique	cultural,	recreational,	natural	resource,	and	agricul-
tural	values	of	the	Delta	as	an	evolving	place.	The	plan	also	includes	policies	and	recommendations	to	reduce	risk	to	
people,	property,	and	State	interests	in	the	Delta.

Bay Delta Conservation Plan.	When	complete,	the	Bay	Delta	Conservation	Plan	will	provide	the	basis	for	issuing	
of	endangered	species	permits	for	operation	of	State	and	federal	water	projects.	The	plan	would	be	implemented	
over	the	next	50	years.	The	heart	of	the	Bay	Delta	Conservation	Plan	is	a	long-term	conservation	strategy	that	sets	
forth	actions	needed	for	a	healthy	Delta	and	making	modifications	to	the	conveyance	of	the	State	and	federal	water	
projects.	Ecosystem	enhancement	activities	may	extend	into	areas	protected	by	the	SPFC	(e.g.,	the	Yolo	Bypass);	
therefore,	those	activities	are	incorporated	into	the	CVFPP.

Coordination with Other Flood Management and Ecosystem Restoration Programs.	DWR	will	continue	coordination	
with	other	programs	to	improve	synergy	among	various	flood	management	and	environmental	restoration	invest-
ments,	including	programs	such	as	the	San	Joaquin	River	Restoration	and	Fish	Passage	Improvement	projects.

Other Ongoing Activities.	DWR	will	continue	to	coordinate	with	many	other	ongoing	activities	within	the	watersheds	
of	the	Sacramento	River	and	San	Joaquin	River	basins.	Many	of	the	ongoing	flood	protection	improvements	have	
been	incorporated	into	the	SSIA	and	are	expected	to	eventually	become	part	of	the	SPFC.	DWR	will	coordinate	
CVFPP	activities	with	the	Integrated	Regional	Water	Management	Plans,	California	Water	Plan	Updates,	and	other	
activities	to	integrate	flood	management	in	these	programs.
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conducting a parallel planning process, the Central Valley Integrated Flood Manage-
ment Study (CVIFMS), with a scheduled completion date of 2017. It is anticipated 
that CVIFMS will make recommendations leading to Congressional authorization 
and federal participation in future flood risk reduction projects, including the CVF-
PP.

1.6.5 2012 Central Valley Flood Protection Plan  
 Organization
The CVFPP is organized as follows:

• Section 1 – Responding to the Need for Improved Flood Management 
in the Central Valley presents historical flood context, existing and future 
flood management problems, and an overview of the 2012 CVFPP plan  
formulation process, including next steps.

• Section 2 – Preliminary Approaches discusses actions considered during 
the planning process for further policy development and investment  
approach formulation.

• Section 3 – State Systemwide Investment Approach details SSIA policy 
directives, systemwide and regional elements, and anticipated outcomes  
and costs.

• Section 4 – Implementing and Managing the State Systemwide  
Investment Approach discusses the projects, programs, and actions that 
will be needed to implement the CVFPP.

• Attachment 1 – Legislative Reference outlines legislative requirements 
fulfilled by the 2012 CVFPP and the supporting analyses and documentation.

• Attachment 2 – Conservation Framework describes how environmental 
stewardship is integrated into flood management activities, directs the reader 
to relevant environmental elements in the CVFPP, and provides additional 
detail on environmental planning elements.

• Attachment 3 – Documents Incorporated by Reference summarizes  
documents incorporated by reference in the 2012 CVFPP that may also fulfill 
other legislative requirements.

• Attachment 4 – Glossary defines key terms used in the CVFPP.
• Attachment 5 – Engagement Record catalogues and describes the  

approaches and accomplishments of communication and engagement activi-
ties to support and complement technical planning processes implemented 
through the CVFPP and other related FloodSAFE programs and studies.

• Attachment 6 – Contributing Authors and Work Group Members List 
indexes those who provided substantive comments on and/or content for 
development of each of the CVFPP documents as well as members of each 
of the CVFPP work groups.
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Development of the CVFPP included formulation and evaluation of three 
significantly different preliminary approaches to address the CVFPP Goals. 
The preliminary approaches were primarily used to explore different potential 
physical changes to the existing flood management system and to assist in 
highlighting the need for policy or other management actions. Evaluation of 
these preliminary approaches displayed information on differences in costs, 
benefits, and overall  effectiveness for use in preparing a preferred approach 
– the State Systemwide Investment Approach (SSIA).

This section describes formulation and evaluation of the three preliminary 
approaches and resulting basic considerations used in developing the SSIA,  
described in detail in Section 3.

2.1 Management Actions
Given the large geographic area covered by the existing flood protection system in 
the Central Valley, and the resources and problems being addressed, a wide range of 
different management actions can be considered for inclusion in the CVFPP. Each 
action represents a discrete feature or process to contribute to one or more of the 
goals described in Section 1. Through a collaborative process, more than 90 individ-
ual management actions were identified and grouped into the following categories:

• Additional floodplain and reservoir storage
• Storage operations
• Flood protection system modifications
• Operations and maintenance
• Ecosystem functions
• Floodplain management
• Disaster preparedness and flood warning
• Floodfighting, emergency response, and flood recovery
• Policy and regulations
• Permitting
• Finance and revenue

The management actions generally encompass broad tactics or strategies, rather than 
location-specific projects, and vary in their level of detail. They range from physi-
cal and operational improvements to the flood management system to residual risk 
management and overall program implementation considerations.

2.0 PRELIMINARY APPROACHES
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No single management action can achieve all of the CVFPP goals. Each manage-
ment action is an individual building block that may be used with other management 
actions for flood risk reduction on systemwide and regional scales, and for managing 
residual risk. Each preliminary approach provides a different overall strategy  
towards flood management that affects which management actions are included.

2.2  Purposes of Preliminary Approaches
DWR formulated and evaluated three preliminary approaches to inform flood man-
agement policy development and explore the potential accomplishments of different 
combinations of physical investments in the flood management system. The prelimi-
nary approaches highlight different ways to focus future flood management invest-
ments and contribute to the CVFPP Goals in different ways, both in magnitude and 
geographic scope.

The three preliminary approaches are as follows:
• Achieve State Plan of Flood Control Design  

Flow Capacity. This approach focuses on improving  
existing SPFC facilities so that they can convey their  
design flows with a high degree of reliability based on  
current engineering criteria. Levee improvements would be 
made regardless of the areas the levees protect. This  
approach provides little opportunity to incorporate benefits 
beyond flood management.

• Protect High Risk Communities. This approach evaluates 
improvements to levees to protect life safety and property for 
high risk population centers, including urban and small com-
munities. Levees in rural-agricultural areas would remain in 
their existing configurations. This approach provides minor 
opportunities to incorporate benefits beyond flood manage-
ment.

• Enhance Flood System Capacity. This approach would 
seek opportunities to achieve multiple benefits through 
enhanced flood system storage and conveyance capacity, to 
protect high risk communities, and to fix levees in place in 
rural-agricultural areas. This approach combines the features 
of the above two approaches and provides more room within 
flood conveyance channels to lower flood stages throughout 
most of the system, with additional features and functions 
for ecosystem restoration and enhancements.

These preliminary approaches are not alternatives from which a 
single, superior alternative can be selected. Rather, these  
approaches display a range of potential physical and operation-
al flood management actions and allow exploration of potential 
trade-offs in benefits, costs, and other factors, including cor-
responding needs for residual risk management actions and 

CENTRAL VALLEY OF FLOOD PROTECTION 
ACT OF 2008 

California Water Code Section 9614 
“The Plan shall include…
(g) An evaluation of the structural improve-
ments and repairs necessary to bring each 
of the facilities of the State Plan of Flood 
Control to within its design standard.  The 
evaluation shall include a prioritized list of 
recommended actions necessary to bring 
each facility not identified in subdivision (h) 
to within its design standard.”

CENTRAL VALLEY OF FLOOD PROTECTION 
ACT OF 2008 

California Water Code Section 9614 
“The Plan shall include…
(i) A description of both structural and non-
structural methods for providing an urban 
level of flood protection to current urban 
areas. The description shall also include a 
list of recommended next steps to improve 
urban flood protection.”
An urban area means the same as set forth 
in Section 5096.805 (k) of the California 
Public Resources Code.
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necessary policy directives. The three preliminary approaches are intended to  
bracket the potential range of future flood management in the Central Valley and 
address flood problems in fundamentally different ways, not to achieve the CVFPP 
Goals to the same degree. Information provided through evaluations allowed DWR 
to select the better performing characteristics and avoid the poorer performing char-
acteristics of each preliminary approach to assemble the SSIA.

To effectively evaluate the preliminary approaches, DWR used available technical 
tools to judge how changes to SPFC facilities would affect systemwide performance 
while also reducing flood damages, protecting public safety, and restoring degraded 
ecosystems. As part of this approach evaluation, DWR developed key quantitative 
indicators. Indicators used to assess the performance of the preliminary approaches 
include changes to riverine and Delta flood stages, structure and content damages, 
crop flood loss damages and associated business income losses, and potential for  
life loss.

Findings from evaluation of the three preliminary approaches, combined with  
necessary systemwide policies, informed development of the SSIA as the State’s  
proposal for balanced, sustainable flood management in the Central Valley. Parts 
of the physical actions contained in the three preliminary approaches, along with 
insight on policies and guidance, were combined to form the SSIA.

Although policies are not specifically identified in a separate policy section of this 
report, policies are imbedded in duties of the management programs and in the  
initiatives outlined in Section 4. In addition, policy statements are within the  
description of management actions in Section 3.

2.3 Preliminary Approach: Achieve  
 State Plan of Flood Control Design  
 Flow Capacity
This approach focuses on reconstructing SPFC facilities to meet current engineering 
criteria without making major changes to the footprint or operation of those facili-
ties. Engineering risk assessment, design, and construction methods have greatly 
evolved since the original construction of the SPFC facilities. The system was 
largely constructed based on geometric criteria using available soil materials without 
extensive investigation of foundation conditions. Subsequent construction of a series 
of multipurpose reservoirs benefited the SPFC facilities by reducing peak flood-
flows. Nevertheless, the majority of the SPFC levees are not capable of carrying 
their design flows with the degree of reliability based on current engineering criteria 
because of problems with levee and foundation reliability. In addition, portions of 
the levee system have experienced erosion damage.

This approach was formulated to address legislation that required DWR to consider 
structural actions necessary to reconstruct SPFC facilities to their design standard 
(California Water Code Section 9614 (g)). This approach also addresses requests 
from stakeholders to consider reconstructing the existing flood management system 
in place, or without major modification to facility locations. This approach does not 
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consider improving SPFC facilities to carry floodflows greater than project  
design flows, nor other enhancements (e.g., to levee height, width, footprint). 
Also, this approach does not seek a specific level of protection in any area.

2.3.1 Major Components
This approach includes major remedial actions to address medium and high 
threats to facilities of the SPFC. These threats are identified and described in the 
Flood Control System Status Report. Remedial actions include major recon-
struction of SPFC facilities. Medium and high threat factors are those judged to 
pose the most significant potential threat to SPFC facility integrity. These factors 
include inadequate levee freeboard, inadequate levee geometry, structural insta-
bility, and excessive seepage, as well as inadequate channel capacity to convey 
design flows.

To address these threats, this approach includes remediation of about 170 miles 
of urban SPFC levees and 1,400 miles of nonurban SPFC levees. This approach 
does not include remediation of non-SPFC levees, although it is recognized 
that some non-SPFC levees can affect flooding within the SPFC Planning Area. 
Figure 2-1 illustrates the general location of levees for which some kind of SPFC 
levee remediation would be needed.

The primary objective of these remedial actions is to improve the levee system 
to convey SPFC design flows with a high degree of reliability, based on current 
engineering design and construction criteria. Levees shown as purple in Figure 
2-1 (“higher concern”) or orange (“medium concern”) generally display more 
performance problems than those shown in green (“lower concern”). This  
approach would address all concerns shown in Figure 2-1. 

Remedial actions would primarily include modifications of levees in their  
current locations, as follows:

• SPFC levees would be modified or reconstructed to address identified 
adverse geotechnical conditions to provide a high reliability of accom-
modating design flows.

• Levee height would be increased to achieve design freeboard, where 
needed, to accommodate the design water surface elevation.

Remedial actions would include different types of stability and seepage berms, 
cutoff walls, rock slope protection, increased levee height and/or geometry, and 
replacement levees needed for the system to convey design flows.

Operations of existing weirs, bypasses, and other structures within the flood 
management system would generally continue as under current conditions. Some 
short-term changes in reservoir operations (see Section 3) would be made in 
anticipation of, and during, flood events.
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Figure 2-1.  Levee Conditions Considered in Achieve State Plan of Flood Control Design Flow Capacity Approach

Key:  SPFC = State Plan of Flood Control
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2.3.2 Initial Assessment
Based on an initial assessment, the Achieve SPFC Design Flow Capacity Approach 
is estimated to cost approximately $19 billion to $23 billion and take 30 to 35 years 
to implement. This approach would provide an approximate 47 percent reduction in 
annual flood damages compared to current conditions.

This approach would improve the reliability of SPFC facilities compared with exist-
ing conditions. Since the original designs did not consider geotechnical and other 
risk factors addressed by current engineering criteria, reconstruction would signifi-
cantly improve reliability of the levee system and the level of protection provided by 
the SPFC over that of existing conditions. However, the level of protection would be 
highly variable throughout the system and not linked to the land uses at risk within 
the floodplain.

In many locations, levee reconstruction would result in 
increased peak flows and stages compared with current condi-
tions because of the reduction in levee failures. Consequently, 
this approach would only partially address the primary CVFPP 
goal of improving flood risk management.

Investments in SPFC reconstruction would initially reduce 
SPFC operations and maintenance costs. However, the long-
term cost to maintain the system would remain high (similar 
to current conditions) because reconstruction alone would not 
address chronic erosion, sedimentation, and other geomorphic 
conditions inherent to the current system configuration. This 
approach would only partially contribute to the goal of im-
proving operations and maintenance.

Because the footprint and operation of an SPFC facility would 
remain largely unchanged under this approach, opportunities 
to integrate ecosystem restoration and enhancement would be 

limited and would not contribute to improved ecosystem functions on a systemwide 
scale. Therefore, existing conflicts between environmental stewardship and levee 
maintenance practices would continue to hamper the improvement of ecosystem 
conditions and public safety. There would also be few opportunities to incorporate 
new groundwater recharge or other water-related benefits. Consequently, this  
approach would contribute in only a minor way to the supporting goals of promoting 
ecosystem functions and multi-benefit projects.

2.4 Preliminary Approach:  
 Protect High Risk Communities
This approach focuses primarily on physical improvements to facilities of the SPFC 
to address the highest threats to public safety and property. These threats predomi-
nate in densely populated areas, including urban areas and small communities sub-
ject to deep or rapid flooding.

ACHIEVE SPFC DESIGN FLOW  
CAPACITY APPROACH

•	 Reconstruction of approximately 1,600 
miles of levee.

•	 Reconstruction of levees in their current 
footprint to safely pass design flows would 
contain more floodflows within channels, 
thus increasing peak floodflows and stages 
throughout the system. 

•	 Reduction of approximately 47 percent in 
annual flood damage estimates includes 
structure values and contents and crops.

•	 Estimated capital costs are higher for the 
Sacramento River Basin because of the 
greater number of levees in the basin.
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2.4.1 Major Components
This approach includes a variety of physical actions to reduce the chances of flood-
ing in urban areas and small communities where substantial threats to public safety 
exist from flooding from major rivers and tributaries with SPFC facilities. This  
approach does not include improvements that may be needed to address interior 
drainage or other local sources of flooding. Also, this approach does not include 
improvements to non-SPFC levees that protect some urban areas.

DWR assessed flood threat levels based on the population at risk, population density, 
flood frequency, flood depth, and proximity to river or tributary flood sources. This 
approach focused on reducing flooding from major rivers and waterways associ-
ated with the SPFC; flooding from small drainages, local sources, and interior storm 
drainage were not included in the formulation of this approach.

Figure 2-2 shows the urban areas and small communities considered in the Protect 
High Risk Communities Approach.

Urban areas in the floodplain (with populations greater than 10,000) are considered 
to have high threat levels because of the potentially significant public safety con-
sequences of floods occurring in these densely populated areas within the SPFC 
Planning Area. In general, this approach considered structural options for protecting 
small communities.

The targeted level of flood protection and the types of flood management improve-
ments considered for urban areas and small communities are summarized below:

• Urban areas would achieve protection from a 200-year (0.5% annual chance) 
flood event, consistent with the urban level of flood protection requirement. 
This would be accomplished via structural repairs, reconstruction, or im-
provements to about 160 miles of urban SPFC levees to protect a population 
of about 1 million. This includes work for Chico, Yuba City, Marysville, 
Sacramento, West Sacramento, Woodland and Davis, Stockton, and Merced. 
Repairs and improvements would typically be implemented within current 
facility footprints (in-place fixes) because of the proximity of existing de-
velopment and infrastructure.

• Small communities would achieve protection from a 100-year (1% annual 
chance) flood event, corresponding to the existing federal standard for de-
veloped areas. This would be accomplished primarily via structural repairs 
or reconstruction of existing nearby SPFC levees. Construction of new 
training levees, ring levees, or floodwalls immediately adjacent to the com-
munities may also be required. The total length of levee improvement and 
construction of new levees is approximately 120 miles to protect a popula-
tion of about 47,000. The targeted level of protection for small communi-
ties is considered for planning purposes only, and does not represent a State 
requirement or target. A total of 27 small communities were included in  
this approach.
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Figure 2-2.  Urban Areas and Small Communities Included in Protect High Risk Communities Approach

Key:  SPFC = State Plan of Flood Control
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Weirs, bypasses, and other control structures would remain unchanged. Some short-
term changes in reservoir operations (see Section 3) would be made in anticipation 
of, and during, flood events.

2.4.2 Initial Assessment
Based on an initial assessment, the Protect High Risk Communities Approach is 
estimated to cost between approximately $9 billion to $11 billion and take 15 to 20 
years to implement. This approach would provide an approximate 63 percent reduc-
tion in annual flood damages compared to current conditions.

The potential for loss of life and economic damages in urban areas, which would 
achieve an urban level of flood protection, would be reduced substantially. Improved 
flood protection for small communities would also reduce the potential for loss of 
life and economic damages, while preserving the important resources these commu-
nities provide to surrounding rural-agricultural areas. However, levels of protection 
elsewhere in the valley, particularly rural-agricultural areas, would generally not 
improve. Consequently, this approach only partially addresses the primary goal of 
improving flood risk management. Because of the limited extent 
of levee improvements, relatively minor changes in peak flood-
flows and stages would occur systemwide.

Although limited, this approach would include the opportunity 
to improve operations and maintenance of SPFC facilities in 
the vicinity of a number of urban areas and small communities, 
including provisions for local erosion monitoring and problem 
corrections. However, the long-term cost to maintain the system 
would remain high (similar to current conditions) because this 
approach would not address chronic erosion, sedimentation, and 
other geomorphic conditions associated with the majority of 
rural SPFC facilities. Consequently, this approach would only 
partially contribute to the goal of improving operations  
and maintenance.

There would be some opportunities to integrate environmental 
features into small community and urban area protection  
actions, including the construction of waterside berms or in-
corporation of native vegetation or habitat. However, because 
these opportunities would largely be site-specific, and because 
the footprint and operation of the SPFC facilities would remain largely unchanged, 
this approach would not significantly contribute to the restoration of ecosystem func-
tions. Also, there would be few opportunities to incorporate groundwater recharge or 
other water-related benefits. Consequently, this approach would contribute in only 
a minor way to the supporting goals of promoting ecosystem functions and multi-
benefit projects.

PROTECT HIGH RISK  
COMMUNITIES APPROACH

•	 Levee improvements limited to urban areas 
and small communities, resulting in minimal 
change to how the system functions and to 
peak floodflows and stages.

•	 Significant improvement in public safety 
over existing conditions.

•	 Reduction of approximately 63 percent in 
annual flood damage estimates includes 
structure values and contents and crops.

•	 Estimated capital costs for improving SPFC 
facilities to achieve urban level of protec-
tion and for protection of small communi-
ties are higher for the Sacramento River 
Basin because of the greater magnitude of 
population at risk.
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2.5 Preliminary Approach:  
 Enhance Flood System Capacity
This approach focuses on enhancing flood system storage and conveyance capacity 
to achieve multiple benefits. This approach incorporates all elements included in the 
prior two approaches to reduce flood risks in urban areas and small communities and 
at least restore SPFC system capacity in rural areas. Flood system capacity  
enhancements would be designed on a systemwide scale to integrate multiple  
benefits, including environmental restoration and water supply reliability.

2.5.1 Major Components
This approach includes modifying the existing footprint and function of the flood 
management system primarily to increase the overall conveyance capacity and 
floodwater storage, and to provide opportunities for ecosystem restoration and water 
resources benefits. This approach also protects high risk communities and fixes  
levees in place in rural-agricultural areas to achieve design flow capacity. This  
approach does not include improvements that may be needed to address interior 
drainage or other local sources of flooding. Also, this approach does not include 
improvements to non-SPFC levees that protect some urban areas.

In general, flood system capacity can be increased through widening floodways and 
bypasses, setting back levees away from the active river channel, and increasing 
floodwater storage. Floodwater storage can be increased through a combination of 
operational changes to existing reservoirs, new reservoir storage, and modified or 
new floodplain storage. Widening floodways and setting back levees along some 
reaches of major rivers and tributaries also provides significant opportunities to  
restore native habitat quantity, quality, and connectivity and to restore natural  
processes necessary to support healthy ecosystems.

In addition to the elements included in the prior two approaches, major elements of 
the Enhance Flood System Capacity Approach are shown in Figure 2-3 and include 
the following:

• The existing bypass system in the Sacramento River Basin – including the 
Sutter and Yolo bypasses and associated inflow weirs – forms the central 
backbone of the Sacramento River Flood Control Project, forming a corri-
dor for conveying floodflows to the Delta. This approach would increase the 
capacity of the existing bypass system to enhance its efficiency and ability to 
convey large flood events. Initial analyses indicate that the following combi-
nation of features could effectively enhance the performance of the existing 
bypass system:

 »  Widening the Sutter Bypass by up to 1,000 feet to increase its  
capacity by 50,000 cubic feet per second

 » Widening the Colusa Weir and Bypass and the Tisdale Weir and 
Bypass by up to 1,000 feet
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Figure 2-3.  Improvements Included in Enhance Flood System Capacity Approach

Key:  SPFC = State Plan of Flood Control
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 »  Widening the Fremont Weir by about one mile, and widening  
portions of the Yolo Bypass to increase its capacity by 40,000 
cubic feet per second 

 »  Widening the Sacramento Weir and Bypass by about 1,000 feet
• This approach also includes a potential new bypass to divert flows from the 

Feather River downstream from Oroville Dam along the alignment of  
Cherokee Canal into Butte Basin. Initial analyses indicate that a bypass with 
a capacity of 32,000 cubic feet per second could reduce peak flood eleva-
tions along the Feather River and help convey floodflows into the existing  
bypass system.

• In the lower portion of the San Joaquin River Basin, this approach includes a 
new bypass to divert flows from the San Joaquin River into the south Delta. 
Preliminary analyses indicate that a new bypass at Paradise Cut, or in its  
vicinity, with a capacity of about 4,000 cubic feet per second could effective-
ly reduce peak flood stage along the San Joaquin River in the Stockton  
metropolitan area.

• This approach includes floodway widening along smaller sections of the 
river by setting back SPFC levees as follows:

 » Along the right bank of the Feather River (below the Bear River 
confluence) to allow opportunities for ecosystem restoration and 
to provide continuity with the Sutter Bypass 

 »  Along intermittent sections of the Sacramento River upstream  
from the Tisdale Weir to provide a more continuous corridor for 
environmental restoration and to address levee conditions

 »  Along the San Joaquin River between the Merced and  
Stanislaus rivers

• This approach includes modification to the reservoir release schedule and 
flood storage allocation at Oroville Dam and Reservoir (equivalent to an  
additional 200,000 acre-feet of flood storage), and coordinated operation 
with New Bullards Bar Reservoir, to reduce flood stages on the Feather 
River during a 200-year (0.5% annual chance) flood event. Also, in the San 
Joaquin River Basin, the State would partner with interested reservoir opera-
tors to increase the flood storage allocation at New Don Pedro, Friant, and 
New Exchequer dams by about 400,000 acre-feet to effectively manage the 
100-year (1% annual chance) flood event at these reservoirs. These features 
help manage the timing and magnitude of peak floodflows before they enter 
the Sacramento and San Joaquin rivers.

• This approach includes approximately 200,000 acre-feet of transitory storage 
in the floodplains of the Sacramento River Basin and approximately 100,000 
acre-feet of transitory storage in the floodplains of the San Joaquin River  
Basin. Floodplain storage effectively works with bypass and floodway ex-
pansion to attenuate flood peaks and provide opportunities for conservation 
of agricultural lands and native floodplain habitats.
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2.5.2 Initial Assessment
Based on an initial assessment, the Enhance Flood System Capacity Approach is  
estimated to cost between approximately $32 billion to $41 billion and would take 
35 to 40 years to implement. This approach would provide an approximate 80 per-
cent reduction in annual flood damages compared to current conditions.

The expansion of system storage and conveyance capacity 
would reduce peak flood stages throughout the system. This 
would result in increased levels of flood protection throughout 
the system, although levels would continue to vary from loca-
tion to location. Urban areas would achieve an urban level of 
flood protection, or higher, through the combination of convey-
ance, storage improvements, and in-place levee improvements. 
Flood damages would be significantly reduced to various  
degrees throughout the system. Accordingly, this approach 
would address the primary goal of improving flood risk man-
agement, although at a high cost.

This approach would provide opportunities to address chronic 
erosion, geomorphic conditions, and levee foundation condi-
tions that make operations and maintenance of the current 
system costly and unsustainable. Hence, this approach would 
significantly address the supporting goal of improving opera-
tions and maintenance.

This approach would also provide opportunities to restore  
native habitats (including aquatic, riparian, and floodplain  
habitats) and improve the quality and connectivity of environ-
mental resources within the flood management system. In  
addition, there would be opportunities to improve (1) water supply reliability 
through multipurpose reservoir storage projects, (2) conjunctive management of 
groundwater and surface water resources, and (3) groundwater recharge within 
floodplain storage areas. Accordingly, this approach would address the supporting 
goals of promoting ecosystem functions and multi-benefit projects.

2.6 Comparison of Preliminary Approaches
To illustrate the potential tradeoffs among benefits, costs, and other factors relevant 
to formulation of the SSIA, the three preliminary approaches are compared accord-
ing to their effectiveness in contributing to the CVFPP Goals and other performance 
measures.

The following sections show comparisons among the three approaches. These com-
parisons assisted DWR in selecting superior elements of each preliminary approach 
when assembling the SSIA.

ENHANCE FLOOD  
SYSTEM CAPACITY APPROACH

•	 Expansion of storage and conveyance 
capacity to attenuate flood peaks, resulting 
in reduced peak flood stages throughout 
the system. However, peak floodflows may 
increase locally in certain reaches as a 
result of the proposed expansion  
of bypasses.

•	 Reduction of approximately 80 percent in 
annual flood damage estimates includes 
structure values and contents and crops.

•	 Higher estimated capital costs for the 
Sacramento River Basin because of the 
greater number of levees, and magnitude 
of assets and population at risk.

•	 Enlarging the area within the levees, 
providing more room for floods and habitat 
and promoting natural hydrologic and 
geomorphic processes.
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2.6.1 major elements
Table 2-1 shows major elements of the three preliminary approaches. The first 
two approaches differ significantly regarding improving SPFC facilities. The  
third approach includes all of the elements of the first two approaches plus  
many additional elements.

Table 2-1.  Major Elements of Preliminary Approaches

flood management element ProjeCt loCation or 
required ComPonents
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bypasses

New Bypass Construction and 
Existing Bypass Expansion

•	 Feather	River	Bypass
•	 Sutter	Bypass	Expansion
•	 Yolo	Bypass	Expansion
•	 Sacramento	Bypass	Expansion
•	 Lower	San	Joaquin	River	Bypass	(Paradise	Cut)
Components	potentially	include	land	acquisition,	
levee	improvements,	and	new	levee	construction

yeS

reservoir Storage and operations

Forecast-Coordinated	Operations/	  
Forecast-	Based	Operations

Fifteen	reservoirs	with	Sacramento	River	Basin	and	
San	Joaquin	River	Basin

yeS yeS yeS

Reservoir	Storage/Enlarge	Flood	Pool1 •	 Oroville
•	 New	Bullards	Bar
•	 New	Don	Pedro
•	 McClure
•	 Friant

yeS1

Easements •	 Sacramento	River	Basin	–	200,000	acre-feet
•	 San	Joaquin	River	Basin	–	100,000	acre-feet

 yeS

flood Structure improvements

Major	Structures •	 Intake	structure	for	Feather	River	Bypass
•	 Butte	Basin	small	weir	structures
•	 Upgrade	and	modification	of	Colusa	and	Tisdale	

weirs
•	 Sacramento	Weir	widening	and	automation
•	 Gate	structures	and/or	weir	at	Paradise	Cut
•	 Upgrade	of	structures	in	Upper	San	Joaquin 

Bypasses
•	 Low-level	reservoir	outlets	at	New	Bullards	Bar	

Dam
•	 Fremont	Weir	widening	and	improvement
•	 Other	pumping	plants	and	small	weirs

yeS

System	Erosion	and	Bypass	Sediment	
Removal	Project

•	 Cache	Creek	Settling	Basin	sediment	management
•	 Sacramento	System	Sediment	Remediation 

Downstream	from	Weirs
yeS
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Table 2-1.  Major Elements of Preliminary Approaches (cont’d.)

FLOOD MANAGEMENT ELEMENT PROJECT LOCATION OR 
REQUIRED COMPONENTS
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Urban Improvements

Target	200-Year	Level	of	Protection Selected	projects	developed	by	local	agencies,	
State,	federal	partners

YES YES

Target	SPFC	Design	Capacity Urban	Levee	Evaluations	Project	results YES2

Non-SPFC	Urban	Levee	Improvements Includes	approximately	120	miles	of	non-SPFC	
levees	that	are	closely	associated	with	SPFC	urban	
levees.	Performance	of	these	non-SPFC	levees	may	
affect	the	performance	of	SPFC	levees

YES YES YES

Small Community Improvements

Target	100-Year	Level	of	Protection Small	communities	protected	by	the	SPFC YES3 YES3

Target	Design	Capacity Non-Urban	Levee	Evaluations	Project	results YES2 YES2

Rural-Agricultural Improvements

Site-Specific	Rural-Agricultural 
Improvements

Based	on	levee	inspections	and	other	identified 
critical	levee	integrity	needs

Target	Design	Capacity Non-Urban	Levee	Evaluations	Project	results YES2 YES

Ecosystem Restoration

Fish	Passage	Improvements •	 Sutter	Bypass	and	fish	passage	east	of	Butte 
Basin

•	 Fremont	Weir	fish	passage	improvements
•	 Yolo	Bypass/Willow	Slough	Weir	fish	passage 

improvements
•	 Deer	Creek

YES

Ecosystem	Restoration	and 
Enhancement

For	areas	within	new	or	expanded	bypasses, 
contributing	to	or	incorporated	with	flood	risk 
reduction	projects

YES

River	Meandering	and	Other 
Ecosystem	Restoration	Activities

At	selected	levee	setback	locations	in	Sacramento	
and	San	Joaquin	river	basins	

YES

Notes:
1	All	approaches	include	Folsom	Dam	Raise,	as	authorized.
2	Actual	level	of	protection	varies	by	location.
3	Includes	all	small	communities	within	the	SPFC.
Key:
SPFC	=	State	Plan	of	Flood	Control
State	=	State	of	California
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Residual Risk Management

In addition to the major physical elements shown above, each approach would 
require different levels of ongoing annual management of residual risk. Emergency 
response, flood system operations and maintenance, and floodplain risk management 
depend on the configuration and reliability of the physical features included in the 
system. Table 2-2 shows residual risk management for each of the three preliminary 
approaches. Each column shows the residual risk management actions included for a 
preliminary approach. The scale of the risk management actions vary among the  
ap-proaches. For example, the Protect High Risk Communities Approach would 

FLOOD 
 MANAGEMENT 

ELEMENT

PROJECT LOCATION OR 
REQUIRED COMPONENTS

ACHIEVE SPFC 
DESIGN FLOW 

CAPACITY

PROTECT 
HIGH RISK  

COMMUNITIES

ENHANCE 
FLOOD SYSTEM 

CAPACITY

Enhanced	Flood	  
Emergency 
Response

All-weather	roads	on	levee	crowns (included in rural 
levee repairs)

(no rural levee 
repairs)

(included in rural 
levee repairs)

Flood	information	collection	and	  
sharing

YES 
(small)

YES 
(large)

YES 
(small)

Local	flood	emergency	response	  
planning

YES YES YES

Forecasting	and	notification  YES  

Rural	post-flood	recovery	assistance	
program

YES 
(large)

 

Enhanced 
Operations	and	
Maintenance

Identify	and	repair	after-event	erosion YES 
(small)

YES 
(large)

YES 
(small)

Develop	and	implement	enhanced	
O&M	programs	and	regional	O&M	
organizations

YES YES YES

Sacramento	channel	and	levee	  
management,	and	bank	protection

YES YES YES

Floodplain	  
Management

Raising	and	waterproofing	structures	
and	building	berms

YES1 YES1 YES1

Purchasing	and	relocating	homes	in	
floodplains

YES1 YES1 YES1

Land	use	and	floodplain	management YES YES YES

Note:
1	Ongoing	FEMA	programs,	implementation	based	on	available	funding	and	conformance	with	federal	criteria
Key:  
FEMA	=	Federal	Emergency	Management	Agency
O&M	=	operations	and	maintenance
SPFC	=	State	Plan	of	Flood	Control

Table 2-2.  Residual Risk Management
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require a “large” effort to 
identify and repair after-
event erosion because rural 
levees are not improved with 
this approach. The Enhance 
Flood System Capacity 
Approach would require a 
“small” effort since all  
levees are improved and 
many are set back from  
the rivers. See Section 4 for 
more discussion of residual  
risk management.

Costs and Time to 
Implement

The estimated costs and time 
to implement the preliminary 
approaches are shown  
in Table 2-3.

Cost estimates in the table 
are for initial costs to imple-

ment physical on-the-ground improvements and ongoing annual costs over 25 years 
to manage the residual risk for each approach. These estimates are based on 2011 
dollars and will differ in the future. Because the approaches are not complete alter-
natives, the cost estimates are likely low, but suitable for comparison of the prelimi-
nary approaches. In addition, actual implementation costs would likely be higher 
than the estimates because of inflation and the length of time needed to implement 
the work. The cost estimates allow for planning studies, design, and permitting. The 
estimates also include costs for ecosystem mitigation for the first two preliminary 
approaches. For the Enhance Flood System Capacity Approach, the goal in integrat-
ing ecosystem restoration and enhancement is to achieve overall habitat improve-
ment, thereby reducing or eliminating the need to mitigate for most ecosystem 
impacts. However, depending on the timing of improvements and implementation, 
some ecosystem mitigation may be required.

RESIDUAL RISK MANAGEMENT

Even with the realization of major physical improve-
ments to the flood management system, the risk of 
flooding can never be completely eliminated. Unan-
ticipated facility failures or extreme flood events may 
cause flooding. This remaining flood threat is called 
“residual risk.”
DWR manages residual risk through programs gov-
erned by DWR’s existing organization for FloodSAFE 
implementation. These programs are responsible for 
specialized work in the following:

•	 Flood emergency response

•	 Flood operations and maintenance

•	 Floodplain risk management

Areas protected by levees that receive major improve-
ments will generally require lower levels of residual 
risk management compared with levees that are not 
improved.

PRELIMINARY APPROACH
LOW
COST

($ BILLION)

HIGH
COST

($ BILLION)

IMPLEMENTATION
(YEARS)

Achieve	SPFC	Design	Flow	Capacity 19 to 23 30	–	35

Protect	High	Risk	Communities 9 to 11 15	–	20

Enhance	Flood	System	Capacity 32 to 41 35	–	40

Key:
SPFC	=	State	Plan	of	Flood	Control

Table 2-3.  Estimated Cost of Approaches
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The estimates of time to implement are based on experience with past flood projects, 
but with assumptions of more efficient execution of planning and design, engaged 
federal and local partners, streamlined permitting, and timely funding. In the past, 
many flood protection projects have remained in the feasibility study phase for a 
decade or more. Large, complicated projects have often taken several decades to 
progress from initial concept to completion. Maintaining focus to complete projects 
in a timely manner is often difficult, especially given changing commitments from 
State, federal, and local partners over long periods of time.

Peak Flow and Stage Changes

The three preliminary approaches result in different peak flows and stages. Hydro-
logic and hydraulic modeling for the three preliminary approaches provides esti-
mates of peak flow and stage compared to current conditions (No Project) at key 
SPFC locations. Modeling considers levee condition and probability of levee fail-
ures, which influence floodwater surface elevations. Figure 2-4 shows peak 100-year 
(1% annual chance) floodflows at several of these locations within the Sacramento 
River Basin for current conditions (No Project) and the three preliminary approach-
es. The figure also shows the corresponding peak stage change for each preliminary 
approach compared to current conditions.

Figure 2-5 shows peak 100-year (1% annual chance) floodflows at several of these 
locations within the San Joaquin River Basin for current conditions and the three 
preliminary approaches. The figure also shows the corresponding peak stage for each 
preliminary approach compared to current conditions.

In general, the Achieve SPFC Design Flow Capacity Approach results in higher river 
stages than for existing conditions (No Project) because levee rehabilitation occurs 
in place and levee failures are reduced. A separate detailed analysis beyond the scope 
of the CVFPP would be needed to identify whether any increased river stage would 
cause a significant hydraulic impact. The Protect High Risk Communities Approach 
results in relatively little stage change compared with existing conditions because  
levee improvements are focused in small areas, and much of the levee system  
remains in its current condition. The Enhance Flood System Capacity Approach  
generally provides for lower flood stages, except in the upper San Joaquin River  
Basin Bypass, because flood peaks are lowered by storage, and bypasses provide 
wider flow areas that reduce stages.

Performance in Meeting Goals

Table 2-4 compares the relative contributions of the preliminary approaches to the 
CVFPP primary goal of improving flood risk management. Contributions to the 
primary goal are described in terms of level of flood protection, public safety, and 
economic damages.

Table 2-5 compares the relative contributions of the preliminary approaches to the 
CVFPP supporting goals of Improve Operations and Maintenance, Promote  
Ecosystem Functions, and Promote Multi-Benefit Projects. Table 2-5 also assesses 
the relative completeness of the preliminary approaches described as the ability to 
meet the various objectives described in the authorizing legislation.
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Location of Peak Flow and Water Surface Elevation Estimates for 100-Year Storm Event at selected monitoring locations in the Sacramento River Basin.

APPROACH

No Project
Achieve SPFC 
Design Flow Capacity
Protect High Risk 
Communities
Enhance Flood 
System Capacity
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Figure 2-4.  Simulated Peak Flow and Stage Changes in Sacramento River Basin for 100-year Storm Events

Key:  cfs = cubic feet per second ft = feet SPFC = State Plan of Flood Control
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Location of Peak Flow and Water Surface Elevation Estimates for 100-Year Storm Event at selected monitoring locations in the San Joaquin River Basin.

APPROACH

No Project
Achieve SPFC 
Design Flow Capacity
Protect High Risk 
Communities
Enhance Flood 
System Capacity
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Figure 2-5.  Simulated Peak Flow and Stage Changes in San Joaquin River Basin for 100-year Storm Events

Key:  cfs = cubic feet per second ft = feet SPFC = State Plan of Flood Control
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Table 2-4.  Relative Comparison of Preliminary Approach Contributions to  
Central Valley Flood Protection Plan Primary Goal

METRIC EXISTING SYSTEM 
(NO PROJECT)

PRELIMINARY APPROACHES

ACHIEVE SPFC DESIGN 
FLOW CAPACITY

PROTECT 
HIGH RISK  

COMMUNITIES

ENHANCE 
FLOOD SYSTEM 

CAPACITY

Contributions to Primary Goal – Improve Flood Risk Management

– Level of 
Flood  
Protection

Varies throughout 
system
•	 Most	urban	areas	do 

not	have	urban	level	of	
flood	protection

•	 Protection	to	rural- 
agricultural	areas	and 
small	communities 
varies	widely

Varies throughout 
system
•	 Substantial	improve-

ment	in	rural-agri-
cultural	areas	and	
partial	improvement	
in	urban	areas

•	 SPFC	facilities	
reliably	pass	design	
flow	capacities

•	 Levels	of	flood	pro-
tection associated 
with	SPFC	design	
flow	capacities	vary	
throughout	the 
system

High in urban 
areas and small 
communities, varies 
elsewhere
•	 Urban	areas	achieve	

200-year	flood 
protection

•	 Small	communities	
achieve	100-year	
flood	protection

Overall higher pro-
tection, but varies 
throughout system
•	 Urban	areas	achieve	

200-year	flood 
protection

•	 Small	communities	
achieve	100-year	
flood	protection

•	 Overall	increased	
levels	of	flood 
protection 
throughout 
system	

– Public 
Safety 
(focused 
on popu-
lation at 
risk) 

Varies throughout 
system
•	 Public	safety	threat	is	

high	for	many	communi-
ties,	particularly	those 
in	deep	floodplains

• 79% of population with 
less than 100-year  
protection

Some improvement
•	 Improvement	in	

urban	areas	
•	 Improvement	in	

some	small	commu-
nities	protected	by	
SPFC	facilities

•	 46% of population 
with less than 
100-year protection

Highest improvement
•	 Substantial	improve-

ment	in	urban	areas	
•	 Improvement	in	

small	communities
•	 6% of population 

with less than 
100-year protection

Improvement varies
•	 Improvement	in	

urban	areas	
•	 Improvement	in	

small	communities	
and	rural-agricultural	
areas 

•	 5% of population 
with less than 
100-year protection

– Economic 
Damages1

Very high potential 
for damages
•	 Economic	damages,	  

particularly	in	urban	
areas,	are	very	high

•	 $329	million/year	in	 	
EAD

Reduction in rural-
agricultural area 
damages
•	 Substantial	reduc-

tion	throughout	rural	
areas;	some	reduc-
tion	in	urban	areas	

•	 47%	reduction	in	
total	EAD

Reduction in urban 
and small community 
damages
•	 Substantial	reduc-

tion	due	to	focus	
on	protecting	urban	
areas	and	small	
communities

•	 63%	reduction	in	
total	EAD

Reduction in urban 
and rural-agricultural 
area damages 
•	 Substantial 

reduction due to 
increased storage 
and	conveyance

•	 80%	reduction	in	
total	EAD

Note:
1	Structure	and	content	values	used	parcel	data	from	the	2010	June	ParcelQuest	with	an	October	2010	price	index.		Parcel	data	were	updated	
based	on	information	(including	depreciation,	construction	quality,	construction	class,	occupancy	type,	etc.)	in	reconnaissance-level	field	surveys	
collected	from	summer	2010	to	summer	2011.
Crop	data	acreages	were	from	the	May	2010	DWR	GIS	land	use	datasheet.		Crop	damage	unit	costs	were	originated	from	the	Sacramento and 
 San Joaquin River Basins Comprehensive Study	(USACE,	2002)	and	were	adjusted	to	an	October	2010	price	index.	Expected	annual	damages	
include	structure	and	content,	crop,	and	business	income	loss.

Key:  
DWR	=	California	Department	of	Water	Resources		 SPFC	=	State	Plan	of	Flood	Control
EAD	=	expected	annual	damages	 	 	 USACE	=	U.S.	Army	Corps	of	Engineers
GIS	=	geographic	information	system
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Table 2-5.  Comparison of Preliminary Approach Contributions to  
Central Valley Flood Protection Plan Supporting Goals and Completeness

GOAL/METRIC EXISTING SYSTEM 
(NO PROJECT)

PRELIMINARY APPROACHES

ACHIEVE SPFC DESIGN 
FLOW CAPACITY

PROTECT 
HIGH RISK  

COMMUNITIES

ENHANCE 
FLOOD SYSTEM 

CAPACITY

Contributions to Supporting Goals 

Improve  
Operations 
and  
Maintenance

Ongoing and long-term 
O&M requirements 
remain very high

Initial decrease in 
O&M costs, but 
remain high long-
term 
•	 SPFC	reconstruc-

tion	would	initially	
decrease	O&M	
requirements	

•	 Long-term	O&M	
costs	would	remain	
high	because	of 
potential	conflicts	
with	natural 
geomorphic	process

Increase in long-term 
O&M requirements
•	 Potential	cost	

increase due to 
the	construction	of	
approximately	120	
miles	of	new	levees	
to	protect	small	
communities

Decrease in  
long-term O&M  
requirements
•	 Decrease	in	long-

term	costs	due	to	
modifications	that	
make	the	system	
more	compatible	
with	natural	geomor-
phic	processes	and	
facilitate	vegetation	
management	and	
removal	of	facilities	

Promote 
Ecosystem 
Functions

Limited opportunities for 
ecosystem restoration
•	 Native	habitat	may	be 

integrated	into	SPFC 
facility	repair	projects, 
primarily	through	mitiga-
tion

Limited 
opportunities for 
ecosystem 
restoration
•	 Limited	opportuni-

ties to integrate 
ecosystem	restora-
tion	into	in-place	
repairs	to	SPFC	
facilities

Limited 
opportunities for 
ecosystem 
restoration
•	 Limited	opportuni-

ties to integrate 
restoration into 
in-place	repairs 
in	urban	areas,	
and	new	facilities	
protecting	small	
communities

Substantial 
opportunities for 
ecosystem 
restoration
•	 Floodplain	expansion	

improves	ecosys-
tem	functions,	fish	
passage,	and	the	
quantity,	quality,	and	
diversity	of	habitats

Promote 
Multi-Benefit 
Projects

Limited opportunities for 
multi-benefit projects
•	 Limited	opportunities	to	

integrate	other	benefits	
into	repairs	to	SPFC	
facilities

Limited opportuni-
ties for multi-benefit 
projects
•	 Limited	opportuni-

ties to integrate 
other	benefits	into	
repairs	to	SPFC	
facilities

Limited 
opportunities for 
multi-benefit projects
•	 Limited	opportuni-

ties to integrate 
other	benefits	into	
repairs,	improve-
ments,	and	new	
levees

Enhanced 
opportunities for 
multi-benefit projects
•	 Increased	opportuni-

ties to integrate  
water	quality,	
groundwater 
recharge,	recreation,	
power,	and	other	
benefits

Completeness (ability to meet legislative objectives)

Ability  
to Meet  
Objectives  
in Flood  
Legislation

Do not meet
•	 Varied	level	of	protection	

throughout	the	system	
and	high	potential	for	
risks	to	public	safety	and	
economic	damages	

Partially meets
•	 Limited	contribu-

tions	to	environmen-
tal	and	water	supply	
objectives;	does	not	
achieve	high	level	  
of	urban	flood	  
protection 

Partially meets
•	 Limited	contribu-

tions	to	environmen-
tal	and	water	supply	
objectives

Mostly meets
•	 Contributes	to	all	

objectives,	but	at	
highest	cost	and	
with	substantial	
impacts	to	existing	
land	uses	(potential-
ly	low	acceptability)

Key:  
O&M	=	operations	and	maintenance	 	 SPFC	=	State	Plan	of	Flood	Control
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Table 2-6.  Relative Comparison of Preliminary Approach Sustainability

METRIC EXISTING SYSTEM 
(NO PROJECT)

PRELIMINARY APPROACHES

ACHIEVE SPFC DESIGN 
FLOW CAPACITY

PROTECT 
HIGH RISK  

COMMUNITIES

ENHANCE 
FLOOD SYSTEM 

CAPACITY1

Sustainability (financial, environmental, and social)

Social •	 Significant	risk	to 
public	safety	and	high	
economic	consequences	
of	flooding	

•	 Chance	for 
redirected	growth	
outside	floodplain	
from	where	cur-
rently	planned	due	
to	extensive	levee	
improvements	in	
nonurban	areas

•	 Some	land	use 
impacts	due	to 
acquisition/ease-
ments	to	accommo-
date	SPFC 
reconstruction

•	 Some	potential	to	
encourage new 
development	in	
floodplains	within	
and	adjacent	to	
urban	area	and 
small	community 
improvements

•	 Considerable 
impacts	to	existing	
land	uses	due	to	
floodway	expansion	

•	 Some	potential	to	
encourage new 
development	in	
floodplains	due	to	
improved	level	of	
flood	protection

Climate 
Change 
Adaptability

•	 Low	system	resiliency	
(i.e.,	ability	to	adapt	to	
climate	change)

•	 Does	not	improve	
flood	system 
resiliency	

•	 Does	not	improve	
flood	system 
resiliency	

•	 Improves	flood	
system	resiliency	by	
enhancing	storage	
and	conveyance	

Key:  
SPFC	=	State	Plan	of	Flood	Control

Sustainability

Table 2-6 compares the sustainability aspects of the preliminary approaches. Sus-
tainability relates to the overall financial, environmental, social, and climate change 
adaptability aspects of the flood management system under a given approach.

Qualitative Comparison

Considering evaluation information available for the preliminary approaches, in-
cluding information shown on the preceding pages, DWR prepared a qualitative 
comparison to show broad differences in potential performance of the approaches. 
Figure 2-6 shows estimated relative performance for each preliminary approach. For 
example, an open circle indicates the lowest performance and a full circle indicates 
the highest performance.
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Figure 2-6.  Performance Comparison for Preliminary Approaches

Another view of the relative performance of the three preliminary approaches is 
shown in Figure 2-7. The figure shows estimated performance in terms of secondary 
benefits (supporting goals from Section 1) against the performance for the primary 
goal of flood risk reduction. For example, the Achieve SPFC Design Flow Capacity 
Approach and the Protect High Risk Communities Approach perform similarly for 
secondary benefits, but the Protect High Risk Communities Approach performs  
better for flood risk reduction. The figure also plots the size of the approaches  
(circles) in proportion to their estimated costs.

PERFORMANCE CATEGORY

ACHIEVE 
SPFC DESIGN 

FLOW 
CAPACITY

PROTECT 
HIGH RISK 

COMMUNITIES

ENHANCE 
FLOOD 

SYSTEM 
CAPACITY

Level of Flood Protection

Life Safety

Reduction in Economic Damages

Regional Economics

Capital Costs

Operations & Maintenance

Promote Ecosystem Functions

Promote Multi-Benefit Projects

Sustainable Land Uses

BENEFIT KEY

Low
Low-Moderate

Moderate

Moderate-High
High

Flood Risk Reduction Benefit

Cost

Integration and Sustainability

COST KEY

Low-Moderate
Moderate

Moderate-High
High

$

$$

$$$

$$$$

$$$ $$ $$$

$$$$$$$

$$

$

$$$$ $

Key:  SPFC = State Plan of Flood Control
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Figure 2-7.  Relative Cost and Performance of Three Preliminary Approaches
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KEY:  SPFC = State Plan of Flood Control

2.7 Preferred Approach — Meeting Central  
 Valley Flood Protection Plan Goals
Based on relative comparisons of the three preliminary approaches, the Enhance 
Flood System Capacity Approach best meets and exceeds the CVFPP Goals, but 
requires the highest level of investment and significant institutional changes. As 
shown in Tables 2-5 and 2-6, among the three preliminary approaches the Enhance 
Flood System Capacity Approach is the only approach that substantially improves 
resiliency to climate change while meeting the objectives delineated in the authoriz-
ing legislation in the highest degree. However, each approach highlights opportuni-
ties to achieve the goals in different ways, to different degrees, and at different costs. 
The Enhance Flood System Capacity Approach has a substantially high capital cost, 
but lower levee operations and maintenance costs compared to the other approaches. 
The Protect High Risk Communities Approach is the least costly approach, and 
would result in substantial reduction in flood risks to urban areas and  
small communities.

Figure 2-8 shows a schematic of the process to assemble the SSIA. CVFPP Goals 
show what needs to be accomplished to solve problems with the SPFC and address 
existing challenges to managing the complex flood protection system. Management 
actions are the building blocks that are used in various ways to develop the prelimi-
nary approaches. Comparison of the preliminary approaches helps articulate the 
trade-offs among various physical actions and also helps develop policies and guid-
ance for the SSIA.
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Examination of the performance of preliminary approaches highlights the need to 
develop a State flood management strategy that combines the strengths of each of 
the three preliminary approaches into a single approach – the SSIA. The examination 
considered five distinguishing characteristics that are important from a State invest-
ment perspective: (1) life safety, (2) vibrant agricultural economy, (3) reduction 
in economic losses, (4) ecosystem restoration and enhancements, and (5) cost  
to implement.

The three preliminary approaches presented above contributed to these character-
istics in different degrees. For example, the Achieve SPFC Design Flow Capacity 
Approach would provide protection for rural-agricultural areas, with less emphasis 
on an urban level of flood protection and ecosystem benefits. The Protect High Risk 
Communities Approach would achieve 200-year (0.5% annual chance) urban protec-
tion and associated life safety benefits, but would not contribute to rural-agricultural 
flood risk reduction. The Enhance Flood System Capacity Approach would provide 
multiple benefits, but at a high cost. The SSIA also incorporates evolving State poli-
cies and guidance on a number of issues important to effective flood management 
in the Central Valley.

The SSIA begins with the Protect High Risk Communities Approach, but encom-
passes aspects of each of the initial approaches, to balance achievement of the 
CVFPP Goals from a systemwide perspective. The SSIA would also improve rural-
agricultural levees, where feasible. Some rural-agricultural levees would be inte-
grated into system improvements (bypasses) presented in the Enhance Flood System 
Capacity Approach. As configured, the SSIA is rooted in the vision for the CVFPP 
and is designed for efficient conveyance of floodflows from existing watershed reser-
voirs through the Delta. The SSIA has many beneficial features that were included 
in the three preliminary approaches and the cost and time to implement would be 
more reasonable.

Figure 2-8.  Formulation and Comparison of Approaches to Flood Management in Central Valley

• Repairs and improvements 
to levees, weirs, bypasses

• New conveyance facilities
• Operations and mainte-

nance actions
• Reservoir and floodplain

storage
• Habitat conservation and 

ecosystem functions
• Floodplain management 

and residual risk reduction 

Achieve SPFC 
Design Flow Capacity 

Protect High Risk
Communities 

Enhance Flood
System Capacity 

State 
Systemwide 
Investment 
Approach

Ph
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Policies and Guidance

Management Actions CVFPP Goals State Systemwide
Investment Approach Approach Comparison 

Primary Goal:
• Improve Flood Risk 

Management
Supporting Goals:
• Improve Operations 

and Maintenance
• Promote Ecosystem 

Functions
• Improve Institutional 

Support
• Promote Multi-Benefit 

Projects 

KEY:  CVFPP = Central Valley Flood Protection Plan  SPFC = State Plan of Flood Control
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Following are additional observations on the performance of the preliminary  
approaches that contributed to formulation of the SSIA.

Achieve SPFC Design Flow Capacity – Improving the existing flood management 
system to meet current engineering criteria within its existing footprint:

• Is very expensive considering that it primarily addresses the Improve Flood 
Risk Management goal and does little for supporting goals, especially for 
promoting multi-benefit projects

• Level of flood protection is significantly improved throughout the system, 
but is spatially highly variable

• Would increase the population receiving at least a 100-year (1% annual 
chance) level of flood protection from about 21 percent to about 54 percent 
compared with existing conditions

• May initially improve operations and maintenance conditions, but long-term 
benefits are questionable

• Does little to improve ecosystem functions 
• May increase flood risks (residential development) in rural-agricultural areas
• Would create significant increases in downstream flood stages over existing 

conditions by reducing the chance of levee failures upstream
• Would reduce potential flood damages by about 47 percent compared to 

existing conditions
• Need for residual risk management would be reduced from existing  

conditions

Protect High Risk Communities – Improving levees in urban areas and  
small communities:

• Protects, with the least investment, the majority of the population 
• Does little to address supporting goals of improving operations and mainte-

nance and promoting ecosystem functions 
• Would do little to contribute to adaptive flood management
• Urban areas would achieve 200-year (0.5% annual chance) level of  

flood protection
• Small communities within the area protected by facilities of the SPFC would 

achieve 100-year (1% annual chance) of flood protection
• Would increase the population receiving at least a 100-year (1% annual 

chance) level of flood protection from about 21 percent to about 94 percent 
compared with existing conditions

• Level of flood protection for rural-agricultural areas would remain  
unchanged

• Relatively few increases in downstream flood stages from upstream  
improvements
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• Would reduce potential flood damages by about 63 percent compared to 
existing conditions

• Would increase the population receiving at least a 100-year (1% annual 
chance) level of flood protection from about 25 percent to over 90 percent 
compared with existing conditions

• Need for residual risk management would be the highest among the  
preliminary approaches

Enhance Flood System Capacity – Improving urban, small communities, and  
rural-agricultural levees along with expanded flow capacity:

• Is by far the most expensive approach
• Significantly meets all CVFPP Goals
• Urban areas would likely exceed 200-year (0.5% annual chance) level of 

flood protection
• Many small communities would likely exceed 100-year (1% annual chance) 

level of flood protection
• Most areas, including rural-agricultural areas, would benefit from lower 

flood stages, improved levee conditions, and improved levees constructed for 
bypass expansion

• Would reduce potential flood damages by about 80 percent compared to 
existing conditions

• Would increase the population receiving at least a 100-year (1% annual 
chance) level of flood protection from about 21 percent to about 95 percent 
compared with existing conditions

• Need for residual risk management would be the lowest among the  
preliminary approaches

• Includes significant ecosystem features and multipurpose projects

2.8 Key Implications for State  
 Systemwide Investment Approach
Evaluation and comparison of the preliminary approaches highlighted various  
findings and implications that informed preparation of the SSIA, described in more 
detail in Section 3. Key implications are summarized below:

• Levels of flood protection should be commensurate with risk within  
the floodplains.

• Investments should not result in increased flood risk.
• Investments should promote actions that increase system flexibility and the 

ability to accommodate and attenuate large flood peaks.
• High operations and maintenance costs are driven in part by the current 

footprint of the levee system, which in many locations is at odds with natural 
geomorphic processes. 
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• To fully realize efficient and 
sustainable operations and mainte-
nance over the long term, the State 
should consider changes to institu-
tional arrangements, practices,  
and funding.

• A comprehensive SSIA should  
develop and implement policies 
and programs that help manage 
residual risks that remain after 
improvement projects are imple-
mented.

• Systemwide and regional (urban 
areas, small communities, and 
rural-agricultural areas) elements 
representing proposed flood man-
agement system improvements 
both have roles in the SSIA.

• Central Valley cities and counties 
that wish to continue to develop in 
urban areas are required to achieve 
an urban level of flood protection 
(200-year flood), defined in  
California Government Code  
Section 65007(l) and California 
Water Code Section 9602(i). The 
State supports achieving an urban 
level of flood protection, at a  
minimum, for all existing urban and urbanizing areas in the Systemwide 
Planning Area. Where feasible, the State supports consideration of higher 
levels of flood protection, particularly for urban/urbanizing areas in deep 
floodplains (greater than 3 feet of flooding during a 200-year flood).

• From a systemwide perspective, it is in the State’s interest to support the 
continued viability of small communities within the Systemwide Planning 
Area to preserve cultural and historical continuity and important social, 
economic, and public services to rural-agricultural populations, agricultural 
enterprises, and commercial operations.

• New development in nonurbanized areas, including small communities, must 
meet the national FEMA standard of flood protection, per California Govern-
ment Code Sections 65865.5, 65962, and 66474.5. This corresponds to the 
minimum level of flood protection (100-year flood) required for participation 
in the National Flood Insurance Program.

• Many rural-agricultural areas would benefit from systemwide elements of 
the SSIA, which provides direct flood risk reduction benefits by lowering 
flood stages and more efficiently moving floods through the system.

KEY ELEMENTS OF STATE  
SYSTEMWIDE INVESTMENT APPROACH

The vision of an integrated systemwide and sustainable flood 
management plan for the Central Valley is to develop a flood 
management system that provides for the following:

•	 Minimum of 200-year level of protection for urban communities 
protected by facilities of the SPFC

•	 Lower peak flood stage through much of the system, especially for 
the Feather, lower Sacramento, and lower San Joaquin rivers

•	 100-year level of protection for small communities, where feasible

•	 Proactive floodplain management, including a program to flood-
proof and/or relocate structures in the floodplains where building 
ring levees and other flood structures is not feasible

•	 Enhancing rural-agricultural area flood protection by repairing 
known localized problems that cause the highest risk of exposure 
and by restoring all-weather roads on levee crests

•	 Leveraging flood system improvements to create habitat through 
levee setbacks, waterside planting berms, and extension and ex-
pansion of bypass systems and to connect riparian habitat from the 
Delta to Butte Basin and Oroville and to the San Joaquin River

•	 Connecting fishery habitat from the Delta to Yolo and Sutter  
bypasses and to Butte Creek

•	 Supporting policies, implementation programs, and  
financing strategy
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• While the State supports improving rural-agricultural flood protection to  
foster and support economic viability, it should be done in a way that  
minimizes the potential for being growth inducing.

• The State supports corridor management planning approaches to develop 
integrated, multi-benefit projects.

• State and local-proposed changes and reforms to FEMA’s National Flood  
Insurance Program are expected to promote a vibrant agricultural economy 
in the rural-agricultural areas that do not have protection from a 100-year 
flood.

• The State supports implementing integrated projects to achieve multiple 
benefits, including environmental conservation and restoration, agricultural 
conservation, water supply and quality, and related benefits.

• Recognizing the benefits to both public safety and the ecosystem, the State 
has a great interest in integrated environmental stewardship and flood  
management to leverage investments and associated benefits.

• All levels of project planning and development need to consider  
opportunities to integrate ecosystem enhancements with flood damage  
reduction projects.

• The State should encourage programs that provide incentives for including 
ecosystem improvements and other multi-benefits to projects, as outlined in 
California Water Code Section 12585.7.
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 INVESTMENT APPROACH
The State Systemwide Investment Approach (SSIA) reflects the State’s  
strategy for modernizing the SPFC to address current challenges and  
affordably meet the CVFPP Goals described in Section 1. The preliminary  
approaches, described in Section 2, suggested a broad range 
of physical and institutional f lood damage reduction actions to 
improve public safety and achieve economic, environmental, 
and social sustainabil ity.  The SSIA is an assembly of the most 
promising, affordable, and timely elements of the three 
preliminary approaches.

Physical elements for the SSIA are organized into regional and system elements:
•	 Urban, small community, and rural-agricultural improvements –  
These	are	physical	actions	or	projects	to	achieve	local	and	regional	benefits.

•	 System improvements	–	These	are	projects	and	modifications	to	the	SPFC	
that	provide	cross-regional	benefits,	improving	the	overall	function	and	per-
formance	of	the	SPFC,	and	are	generally	large	system	improvements,	such	
as	bypass	expansions.	The	State	will	provide	leadership	in	developing	and	
implementing	these	components.

The	regional	and	system	elements	require	detailed	analyses	to	refine	how	elements	
may	complement	each	other	and	to	develop	appropriate	justification	for	future	selec-
tion	of	on-the-ground	projects.	The	SSIA	reflects	a	broad	vision	for	SPFC	modern-
ization;	therefore,	element	refinements,	additions,	and	deletions	can	be	expected	as	a	
result	of	future	feasibility	studies.

Section	2	introduced	elements	of	the	SSIA.	The	following	sections	provide	a	more	
detailed	description	of	the	SSIA,	its	estimated	cost,	residual	risk	management	needs,	
and	a	preliminary	presentation	of	expected	performance.	Section	4	describes	how	
the	SSIA	is	expected	to	be	implemented	and	managed	over	the	next	several	decades.

3.1 Major Physical Improvements in  
 Sacramento and San Joaquin  
 River Basins
Existing	SPFC	facilities	in	the	Sacramento	River	Basin	are	much	more	extensive	
and	protect	larger	populations	and	assets	than	SPFC	facilities	in	the	San	Joaquin	
River	Basin.	In	addition,	peak	floodflows	from	the	Sacramento	River	Basin	can	
be	about	10	times	higher	than	those	from	the	San	Joaquin	River	Basin.	Therefore,	
physical	improvements	included	in	the	SSIA	are	more	extensive	within	the	 

3.0 STATE SYSTEMWIDE  

The State Systemwide Investment 
Approach provides guidance for future 
State participation in projects and 
programs for integrated flood  
management in the Central Valley.
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Sacramento	River	Basin	than	within	the	San	Joaquin	River	Basin.	Table	3-1	shows	
important	characteristics	of	the	Sacramento	and	San	Joaquin	river	basins.

Major	physical	(capital	improvement)	elements	included	in	the	
SSIA	are	shown	in	Table	3-2	and	in	the	schematics	in	Figures	3-1	
and	3-2	for	the	Sacramento	and	San	Joaquin	river	basins.	The	fol-
lowing	sections	provide	more	description	of	urban,	small	commu-
nity,	rural-agricultural,	and	system	improvements.

3.2  Urban Flood Protection
Consistent	with	legislation	passed	in	2007,	the	SSIA	proposes	
improvements	to	urban	(populations	greater	than	10,000)	levees	
to	achieve	protection	from	the	200-year	(0.5%	annual	chance)	
flood,	at	a	minimum.	With	some	exceptions,	existing	SPFC	levees	
in	urban	areas	are	often	located	immediately	adjacent	to	houses	
and	business,	leaving	few	opportunities	for	setting	levees	back	or	
making	improvements	that	enlarge	levee	footprints.	Therefore,	
reconstruction	of	existing	urban	levees	is	generally	the	method	for	
increasing	flood	protection.	The	State	is	already	supporting	many	
SPFC	urban	levee	improvement	projects	through	its	Early	Imple-
mentation	Program	grants	program	and	other	FloodSAFE	efforts,	
including	some	setback	levees.

CENTRAL VALLEY FLOOD  
PROTECTION PLAN OF 2008

California Water Code Section 9614. 
“The Plan shall include…
(i) A description of both structural and 
nonstructural methods for providing 
an urban level of flood protection to 
current urban areas where an urban 
area means the same as set forth in 
subdivision (k) of Section 5096.805 
of the Public Resources Code. The 
description shall also include a list of 
recommended next steps to improve 
urban flood protection.”

CHARACTERISTICS SACRAMENTO
RIVER BASIN 

SAN JOAQUIN
RIVER BASIN 

Land Area Within 500-Year (0.2% annual chance) 
Floodplain (acres) 1,217,883 697,465

Population at risk1 (people) 762,000 312,000

Replacement value of assets at risk ($ millions) 53,000 16,000

Total SPFC Levees (miles) 1,054 448

SPFC Levees with identified threat factors2 (miles) 852 354

Total Potential 2-Year (50% annual chance) 
Floodplains (acres) 235,000 85,000

Currently connected to river (acres) 93,000 26,000

Currently connected and in native/natural habitat (acres) 50,000 19,000

Total Reservoir Capacity3 Tributary to Area 
(thousand acre-feet) 10,477 7,100

Reserved Flood Storage Space 3,066 1,881

Notes:
1  Estimated population (from 2000 U.S. Census data) within 500-year floodplain.
2  Source:  Flood Control System Status Report (DWR, 2011). Includes Urban Levee Evaluations Project categories “Marginal” and  

“Does Not Meet Criteria,” and Non-Urban Levee Evaluations Project categories B and C.
3  Only includes reservoirs with dedicated flood storage space.

Key:  
SPFC = State Plan of Flood Control

Table 3-1.  Key Characteristics of Sacramento and San Joaquin River Basins
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FLOOD MANAGEMENT 
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Bypasses

New Bypass Construction and 
Existing Bypass Expansion

•	 Feather	River	Bypass
•	 Sutter	Bypass	expansion
•	 Yolo	Bypass	expansion
•	 Sacramento	Bypass	expansion
•	 Lower	San	Joaquin	River	Bypass 

(Paradise Cut)
Components potentially include land 
acquisition,	conservation	easements,	levee	
improvements, new levee construction

YES g YES

Reservoir Storage and Operations

Forecast-Coordinated 
Operations/Forecast-Based 
Operations

Fifteen reservoirs within Sacramento River 
Basin	and	San	Joaquin	River	Basin YES YES YES YES

Reservoir Storage/Enlarge 
Flood Pool1

•	 Oroville
•	 New	Bullards	Bar
•	 Don	Pedro
•	 McClure
•	 Friant

YES g

Easements •	 Sacramento	River	Basin	–	200,000	acre-feet
•	 San	Joaquin	River	Basin	–	100,000	acre-feet

 
YES

Flood Structure Improvements

Major Structures •	 Intake	structure	for	new	Feather	River 
Bypass

•	 Butte	Basin	small	weir	structures
•	 Upgrade	and	modification	of	Colusa	and	  

Tisdale weirs
•	 Sacramento	Weir	widening	and	automation
•	 Gate	structures	and/	or	weir	at	Paradise	Cut
•	 Upgrade	of	structures	in	Upper	San	Joaquin	

bypasses
•	 Low	level	reservoir	outlets	at	New	Bullards	  

Bar Dam
•	 Fremont	Weir	widening	and	improvement
•	 Other	pumping	plants	and	small	weirs

YES g YES

System Erosion and Bypass  
Sediment Removal Project

•	 Cache	Creek	Settling	Basin	sediment	  
management

•	 Sacramento	system	sediment	remediation	
downstream from weirs

YES YES

Urban Improvements

Target	200-Year	Level	of	  
Protection

Selected projects developed by local agencies, 
State, federal partners

YES YES g YES

Target SPFC Design Capacity Urban Levee Evaluations Project results YES2

Table 3-2.  Major Physical and Operational Elements of Preliminary Approaches and State Systemwide 
Investment Approach
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FLOOD MANAGEMENT 
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Non-SPFC Urban Levee  
Improvements

Includes approximately 120 miles of non-SPFC 
levees that are closely associated with SPFC 
urban levees. Performance of these non-SPFC 
levees may affect the performance of SPFC 
levees.

YES YES YES YES

Small Community Improvements

Target	100-Year	Level	of	  
Protection

Small communities protected by the SPFC YES3 YES3 g YES4

Target Design Capacity Non-Urban Levee Evaluations Project results YES2 YES2

Rural-Agricultural Improvements

Site-Specific Rural-Agricultural 
Improvements

Based on levee inspections and other identified 
critical levee integrity needs g YES

Target Design Capacity Non-Urban Levee Evaluations Project results YES2 YES2

Ecosystem Restoration

Fish Passage Improvements •	 Sutter	Bypass	and	fish	passage	east	of 
Butte Basin

•	 Fremont	Weir	fish	passage	improvements
•	 Yolo	Bypass/Willow	Slough	Weir	fish	passage	

improvements
•	 Yuba	River	fish	passage	and	fish	screen
•	 Deer	Creek

YES g YES

Ecosystem Restoration and  
Enhancement

For areas within new or expanded bypasses, 
contributing	to	or	incorporated	with	flood	risk	
reduction projects

YES YES

River Meandering and Other  
Ecosystem Restoration 
Activities

At	selected	levee	setback	locations	in	  
Sacramento	and	San	Joaquin	river	basins	 YES

YES 
(at select 
locations)

Notes:
1 All preliminary approaches and State Systemwide Investment Approach include Folsom Dam Raise, as Congress authorized. 
2 Actual level of protection varies by location.
3 Includes all small communities within the SPFC.
4 Includes selected small communities within the SPFC.

Key:
SPFC = State Plan of Flood Control
State = State of California

Table 3-2.  Major Physical and Operational Elements of Preliminary Approaches and State Systemwide 
Investment Approach (cont’d.)
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Figure 3-1.  State Systemwide Investment Approach – Sacramento River Basin Major Capital Improvements

Key:  SPFC = State Plan of Flood Control
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Figure 3-2.  State Systemwide Investment Approach – San Joaquin River Basin Major Capital Improvements

Key:  SPFC = State Plan of Flood Control
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Improvements	to	urban	levees	or	floodwalls	should	follow	DWR’s	Urban Levee 
Design Criteria	(anticipated	2012),	at	a	minimum.	The	State	strongly	supports	
consideration	of	features	that	offer	greater	system	resilience,	such	as	levees	that	can	
withstand	overtopping	without	catastrophic	breaching.	Another	example	is	to	build	
compartmentalized	floodplains	(the	use	of	secondary	levees,	berms,	or	elevated	
roadways	within	protected	areas	to	reduce	the	geographic	extent	of	flooding	when	a	
failure	occurs).

Levee	projects	in	urban	areas	should	consider	setbacks,	to	the	
extent	feasible,	based	on	the	level	of	existing	development	and	
the	potential	benefits.	These	projects	should	also	preserve	and/
or	restore,	at	minimum,	shaded	riparian	habitat	corridors	along	
the	waterside	toe	of	levees.	Other	improvements	will	consider	
incorporating	ecosystem	preservation,	restoration,	and	enhance-
ments	in	project	designs.	Urban	improvements	should	also	be	
implemented	and	maintained	consistent	with	the	State’s	vegeta-
tion	management	approach	(see	Section	4.2	and	Attachment	2	–	 
Conservation	Framework).

In	addition	to	urban	area	levees,	other	system	and	regional	
elements	included	in	the	CVFPP,	such	as	reservoir	operational	
changes	and	new	or	expanded	bypasses,	have	the	potential	
to	contribute	to	achieving	an	urban	level	of	flood	protection.	
These	elements	could	potentially	reduce	the	need	for	urban	area	
levee	improvements,	and/or	provide	additional	system	flex-
ibility	and	resiliency	in	accommodating	hydrologic	uncertainty,	
including	climate	change.

The	CVFPP	does	not	include	improvements	that	may	be	needed	to	address	interior	
drainage	or	other	local	sources	of	flooding.	The	State	could	pursue	improvements	
to	non-SPFC	levees	(see	Section	3.6)	that	protect	some	urban	areas	even	though	the	
State	has	no	responsibility	over	these	levees	at	this	time.	The	decision	to	add	these	
levees	to	the	SPFC	would	require	Board	action.	Alternatively,	the	State	may	choose	
to	participate	in	funding	levee	reconstruction	or	improvements,	if	found	to	 
be	feasible.

DWR	will	evaluate	and	participate	in	projects	(in-place	and	with	setbacks,	if	appro-
priate)	that	contribute	to	achieving	an	urban	level	of	flood	protection	through	recon-
structing,	rehabilitating,	or	improving	SPFC	facilities	for	the	following	urban	areas	
in	the	Central	Valley:

•	 City of Chico	–	Improvements	include	reconstruction	of	existing	SPFC	
urban	levees	bordering	the	City	of	Chico	to	provide	protection	from	flooding	
along	local	tributaries.

LEVEE RESILIENCY

Reducing the risk of catastrophic system 
failure is an important aspect of flood risk 
reduction. Levee breaches increase flood 
losses and recovery costs, and lengthen 
the time needed to rebuild. USACE esti-
mates that at least half of the direct losses 
from Hurricane Katrina may have been 
averted, had catastrophic breaching not 
occurred (Building a Stronger Corps: A 
Snapshot of How the Corps is Applying Les-
sons Learned from Katrina (USACE, 2009).
Designing facilities to withstand overtop-
ping and incorporating resiliency into over-
all system design not only help to reduce 
flood losses, but also provide flexibility to 
accommodate changing climate conditions, 
floodplain uses, and technical standards.
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•	 Yuba City and City of Marysville – Improvements for this metropolitan 
area	and	adjacent	urbanizing	corridor	(along	Highway	99	north	of	Yuba	City,	
and	along	Highway	70	within	and	south	of	Marysville)	include	 
the	following:

 » Continue work to reconstruct and/or improve SPFC levees to 
urban design criteria along the Feather and Yuba rivers immedi-
ately adjacent to Marysville, consistent with ongoing local efforts. 
The State is supporting ongoing work to achieve an urban level 
of flood protection for the City of Marysville as part of the Yuba 
Basin Project. This project encompasses four phases of levee im-
provements and other actions, with an ultimate goal of protecting 
Marysville from a 250-year (0.4% annual chance) flood event.

 » Continue to work with Sutter Butte Flood Control Agency to 
develop and implement projects to achieve an urban level of flood 
protection for Yuba City and adjacent urbanizing areas. This 
includes reconstructing and/or improving SPFC levees to urban 
design criteria along the right bank of the Feather River, adjacent 
to and upstream from Yuba City, as part of the Feather River West 
Levee Project.

•	 Sacramento Metropolitan Area	–	Improvements	for	this	area	include	the	
following:

 » Reconstruct and/or improve SPFC levees protecting urban areas 
along the Sacramento and American rivers to urban design 
criteria, as needed, to complete ongoing urban flood protection 
improvements within Sacramento County (includes the Laguna 
portion of Elk Grove). The State has supported the Sacramento 
Area Flood Control Agency’s urban flood protection projects 
through cost sharing and grant funding under the FloodSAFE 
Early Implementation Program. Completed work that supports 
the SSIA includes levee improvements along the American River 
under the American River Watershed Common Features Project, 
and elements of the South Sacramento County Streams Project. 
Ongoing work includes levee improvements under the Natomas 
Levee Improvement Program and construction of an auxiliary 
spillway at Folsom Dam as part of the Folsom Dam Joint  
Federal Project.

 » Reconstruct and/or improve SPFC levees to complete ongoing 
urban protection improvements for the City of West Sacramento. 
The State has supported urban levee improvements by the West 
Sacramento Area Flood Control Agency through the FloodSAFE 
Early Implementation Program grants program. Locally planned 
work, for potential State participation, includes levee reconstruc-
tion and raising, cutoff walls, setback levees, and erosion protec-
tion features.

Levee Improvements in Natomas
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 » Evaluate the potential benefits of widening, automation, and 
operational changes to the Sacramento Weir and Bypass for the 
purpose of reducing peak flood stage along the Sacramento and 
American rivers, in combination with expansion of the Yolo Bypass 
(described later under System Improvements). Weir automation 
and other improvements have the potential to improve operational 
safety and flexibility.

•	 Cities of Woodland and Davis	–	Continued	participation	in	the	Lower	
Cache	Creek,	Yolo	County	Woodland	Area	Feasibility	Study,	which	consid-
ers	modifications	to	the	Cache	Creek	Settling	Basin	and	other	facilities	to	
determine	their	feasibility	and	contribution	toward	achieving	urban	and	rural-
agricultural	flood	improvement	in	the	area.	Also	evaluate	the	Cache	Creek	
Settling	Basin	to	identify	a	long-term	program	for	managing	sediment	and	
mercury	to	maintain	the	flood	conveyance	capacity	of	the	Yolo	Bypass.

•	 City of Merced	–	Continued	support	of	the	Merced	County	Streams	Project,	
which	is	contributing	to	improving	flood	protection	for	the	City	of	Merced.

•	 Stockton Metropolitan Area	–	Improvements	for	this	area	include	 
the	following:

 »  Improve SPFC levees along the San Joaquin River and tributary 
channels.

 » Evaluate the potential benefits of and State interest in local flood-
gates and control structures, as they relate to facilities of the SPFC 
in and around Stockton, and contribute to achieving an urban level 
of flood protection.

•	 Other Areas	–	For	urban	areas	also	protected	by	non-SPFC	levees,	the	State	
may	evaluate	its	interest	in	participating	in	levee	improvements	under	other	
State	programs.

3.3 Small Community Flood Protection
Many	small	communities	in	the	SPFC	Planning	Area	are	expected	to	receive	in-
creased	flood	protection	through	implementation	of	system	elements	and	improve-
ments	focused	on	adjacent	urban	areas,	although	some	of	these	improvements	may	
take	many	years	to	implement.	The	State	will	evaluate	investments	to	preserve	small	
community	development	opportunities	without	providing	urban	level	of	protection.	
Additional	State	investments	in	small	community	protection	will	be	prioritized	based	
on	relative	community	flood	threat	levels,	considering	factors	such	as	population,	
likelihood	of	flooding,	proximity	to	flooding	source,	and	depth	of	flooding.	Other	
factors	considered	in	prioritizing	small	community	flood	improvements	include	
financial	feasibility	and	achievement	of	the	CVFPP	Goals	with	respect	to	integrating	
multiple	benefits.
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In	general,	the	State	will	consider	the	following	structural	and	nonstructural	options	
for	protecting	small	communities	in	the	SPFC	Planning	Area	from	a	100-year	(1%	
annual	chance)	flood:

•	 Protecting	small	communities	“in-place”	using	ring	levees,	training	levees,	
or	floodwalls	when	improvements	do	not	exceed	a	certain	predetermined	
cost	threshold.	For	planning	purposes	for	the	SSIA,	DWR	used	a	preliminary	
cost	threshold	of	$100,000	per	house	protected,	an	approximate	value	for	
elevating	or	flood	proofing	a	house.	When	estimated	costs	exceed	the	thresh-
old,	nonstructural	means	for	flood	protection	will	be	considered.	DWR	will	
further	evaluate	this	threshold	during	future	studies.

•	 Reconstructing	or	making	improvements	to	adjacent	SPFC	levees.
•	 Implementing	nonstructural	improvements,	such	as	raising/elevating	struc-
tures,	flood	proofing,	willing	seller	purchases,	and/or	relocating	structures,	
when	the	in-place	improvements	described	above	are	not	feasible.

In	some	cases,	small	communities	may	achieve	flood	protection	as	part	of	adjacent	
urban	area	improvements.

Based	on	planning	level	estimates,	15	small	communities	would	receive	100-year	
(1%	annual	chance)	flood	protection	from	about	80	miles	of	levee	improvements	or	
new	levee	construction.	A	new	levee	is	one	constructed	from	the	ground	up,	not	a	
levee	that	has	been	repaired	in	place.	Another	five	small	communities	would	receive	
100-year	(1%	annual	chance)	flood	protection,	at	minimum,	through	implementation	
of	urban	and	system	improvements	included	in	the	SSIA.	Seven	small	communities	
would	receive	flood	protection	through	floodplain	management	actions	such	as	flood	
proofing	or	raising	structures.

Small	communities	improvements	should	also	be	implemented	and	maintained	
consistent	with	the	State’s	vegetation	management	approach	(Attachment	2	–	Con-
servation	Framework).	Other	improvements	will	consider	incorporating	ecosystem	
preservation,	restoration,	and	enhancements	in	project	designs.

3.4 Rural-Agricultural Area Flood Protection
Rural-agricultural	area	levee	improvements	included	in	the	SSIA	are	not	as	exten-
sive	as	for	urban	areas	and	small	communities,	reflecting	the	lower	levels	of	devel-
opment	within	these	floodplains.

3.4.1 State Plan of Flood Control Levees
The	State	recognizes	that	federal	engineering	guidance	and	design	standards	may	
result	in	cost-prohibitive	levee	repairs	for	many	rural-agricultural	areas.	The	State	
will	work	with	rural-agricultural	communities	to	develop	applicable	repair	standards	
for	SPFC	levees	(see	Section	4).	The	State	will	also	evaluate	investments	to	preserve	
rural-agricultural	activities	that	discourage	incompatible	development,	and	encour-
age	compatible	development,	within	floodplains.
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The	State’s	participation	in	rural-agricultural	SPFC	facility	reconstruction	projects	
may	also	require	inclusion	of	nonstructural	measures	to	manage	risks	in	adjacent	
floodplains,	such	as	purchasing	agricultural	conservation	easements	from	willing	
landowners,	where	consistent	with	local	land	use	plans.	In	addition	to	improving	
flood	management,	project	designs	will	consider	restoring	shaded	riparian	aquatic	
habitat,	wetlands,	or	other	habitat.	This	includes	protection	and	enhancement	of	
existing	healthy	ecological	communities,	in	addition	to	the	enhancement/restoration	
of	degraded	ecosystem	services	and	functions.	Flood	risk	reduction	projects	in	rural-
agricultural	areas	that	can	achieve	multiple	resource	benefits	will	be	preferable	to	
single	purpose	projects,	and	are	likely	to	be	encouraged	through	enhanced	State	and	
federal	cost-sharing.

In	general,	the	State	will	consider	the	following	rural-agricultural	flood	protection	
options,	with	a	focus	on	integrated	projects	that	achieve	multiple	benefits:

•	 SPFC	levee	improvements	in	rural-agricultural	areas	will	focus	on	maintain-
ing	levee	crown	elevations	and	providing	all-weather	access	roads	to	facili-
tate	inspection	and	floodfighting.	

•	 Levee	improvements,	including	setbacks,	may	be	used	to	resolve	known	
performance	problems	(such	as	erosion,	boils,	slumps/slides,	and	cracks).	 
Projects	will	be	evaluated	that	reconstruct	rural	SPFC	levees	to	address	
identified	threat	factors,	particularly	in	combination	with	small	community	
protection,	where	economically	feasible.	

•	 Agricultural	conservation	easements	that	preserve	agriculture	and	prevent	 
urban	development	in	current	agricultural	areas	may	be	purchased,	when	
consistent	with	local	land	use	plans	and	in	cooperation	with	willing	land-
owners.

The	State,	in	consultation	with	local	entities,	will	prioritize	available	funding	among	
all-weather	roads	and	other	important	investments,	addressing	the	greatest	need	first.

3.4.2 Hydraulic Structure Upgrades
In	addition	to	hydraulic	structures	mentioned	as	part	of	urban	and	system	improve-
ments,	existing	hydraulic	structures	in	the	upper	San	Joaquin	River	Basin	need	to	
be	upgraded	because	of	facility	age	or	operational	problems.	In	some	cases,	gates	
do	not	operate	properly,	new	automation	is	needed,	or	the	structures	are	otherwise	
deteriorated.

3.4.3 Local Non-State Plan of Flood Control Levees
During	future	feasibility	studies,	the	State	will	evaluate	projects	to	maintain	the	
function	of	local	levees	(not	part	of	the	SPFC)	if	they	contribute	to	the	effective	op-
erations	and	maintenance	of	the	SPFC.	The	State	may	be	able	to	participate	through	
existing	programs	on	feasible	projects.

3.4.4 Removal of State Plan of Flood Control Facilities
The	State	will	evaluate	potentially	removing	(physically	or	administratively)	facili-
ties	of	the	SPFC	in	rural	areas,	including	rock	revetment,	levees,	and	other	facilities,	
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consistent	with	criteria	presented	in	Section	4.	Removing	small	portions	of	the	SPFC	
that	are	no	longer	functioning	would	reduce	the	State’s	responsibility	and	costs	for	
operations	and	maintenance.	Facilities	that	may	be	evaluated	for	potential	removal	
from	the	SPFC	include	the	following:

•	 A	two-mile	long	segment	of	the	Feather	River	right-bank	levee,	upstream	
from	the	Thermalito	Afterbay,	which	was	replaced	by	an	embankment	con-
structed	to	create	Thermalito	Afterbay	(on	its	southeast	side).

•	 Approximately	seven	miles	of	levee	included	in	the	Lower	San	Joaquin	 
River	and	Tributaries	Project,	which	is	currently	being	physically	breached	
and	removed.	This	effort	is	part	of	a	nonstructural	project	modification,	
under	the	authority	of	Public	Law	84-99,	following	damage	during	the	1997	
floods.

•	 Intermittent	SPFC	levees	along	reaches 
	 	 of	the	San	Joaquin	River	and	in	the 
	 	 vicinity	of	the	Mariposa	Bypass	and 
	 	 Deep	Slough.	If	pursued,	removal	 
	 	 projects	should	consider	integration	of	 
	 	 wetland,	riparian,	and	floodplain	habitat 
	 	 restoration.

•	 Some	existing,	intermittent	bank	 
  protection sites along the Sacramento  
	 	 River	between	Red	Bluff	and	Chico	 
	 	 Landing,	now	unconnected	with	the	 
  active river channel and believed to no  
	 	 longer	provide	a	flood	management	 
	 	 function	by	erosion	control.

•	 Levees	and	pumping	plants	from	the	 
	 	 Middle	Creek	Project	at	the	west	end	of	 
	 	 Clear	Lake,	for	which	removal	is	 
	 	 currently	underway.	Facilities	removal	 
	 	 was	authorized	by	Congress	in	the	 

	 	 Water	Resources	Development	Act	 
	 	 of	2007.

3.5 System Improvements
System	elements	include	physical	actions	or	improvements	with	the	potential	to	
provide	benefits	across	large	portions	of	the	flood	management	system,	and	improve	
the	overall	function	and	performance	of	the	SPFC	in	managing	large	floods.	These	
actions	enhance	the	system’s	overall	ability	to	convey	and	attenuate	flood	peaks	
through	expansion	of	bypass	capacity	and	storage	features.	System	improvements	
provide	flood	protection	benefits	to	urban,	small	community,	and	rural-agricultural	
areas	by	lowering	flood	stages.

These	actions	also	present	significant	opportunities	to	improve	ecosystem	functions	
and	continuity	on	a	systemwide	level.	System	improvements	should	also	be	imple-

Floodflow over the Moulton Weir
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mented	and	maintained	consistent	with	the	State’s	vegetation	management	approach	
(see	Section	4.2	and	Attachment	2	–	Conservation	Framework).

The	following	sections	describe	system	elements	included	in	the	SSIA.	

3.5.1 Weir and Bypass System Expansion
The	Sutter	and	Yolo	bypasses,	in	combination	with	their	appurtenant	control	features	
–	the	Moulton,	Colusa,	Tisdale,	Fremont,	and	Sacramento	weirs/bypasses	–	function	
as	the	central	backbone	of	the	Sacramento	River	Flood	Control	Project.	This	weir	
and	bypass	system	redirects	damaging	floodflows	away	from	the	main	channels	of	
the	Sacramento,	Feather,	and	American	rivers,	conveying	up	to	490,000	cubic	feet	
per	second	during	large	flood	events.	The	considerable	capacity	of	the	bypass	system	
also	slows	the	movement	of	floods,	effectively	attenuating	flood	peaks	and	metering	
flows	into	the	Delta.	For	initial	planning	purposes,	technical	evaluations	are	based	on	
construction	of	all	bypass	expansions	and	extensions	described	below.	

Bypass	expansions	would	increase	the	overall	capacity	of	the	flood	system	to	convey	
large	flood	events.	Peak	flood	stages	would	be	reduced	along	the	Sacramento	River	
and,	to	a	lesser	extent,	along	its	tributaries.	The	lower	stages	throughout	the	system	
benefit	flood	management	in	urban,	small	community,	and	rural-agricultural	areas.	
Floods	from	storms	centered	within	different	watersheds	of	the	Sacramento	River	
Basin	have	different	characteristics,	and	bypass	system	expansion	would	contribute	
to	greater	system	flexibility	in	managing	these	different	flood	events.

Improvements	would	be	designed	and	operated	in	consideration	of	ecosystem	 
restoration	features	and	benefits,	including	conservation	and	restoration	of	aquatic	
and	floodplain	habitats	and	continued	compatible	agricultural	land	uses	within	the	
bypass.	Improvements	may	include	contouring	and	channelizing	to	facilitate	proper	
draining	and	to	lessen	the	possibility	of	entraining	fish.	Contouring	may	also 
increase	the	frequency	of	floodplain	activation	in	places	to	promote	wetland	and 
riparian	habitat	success.	When	consistent	with	local	land	use	plans,	and	in	coopera-
tion	with	willing	landowners,	the	State	will	consider	purchasing	agricultural 
conservation	easements	adjacent	to	the	Sutter	and	Yolo	bypasses	to	preserve 
agriculture	and	prevent	urban	land	uses.

Sutter Bypass Expansion

Future	studies	to	refine	specific	project	elements	related	to	bypass	expansion	should	
consider	increasing	the	capacity	of	the	Sutter	Bypass	to	convey	large	flood	events.	
Expansion	would	likely	require	building	a	new	levee	for	about	15	miles	along	one	
side	of	the	bypass	to	widen	the	bypass	for	increased	flow	capacity.	Although	the	
required	width	of	the	bypass	has	not	been	determined,	DWR	used	a	1,000-foot	
increase	in	the	bypass	width	for	planning	purposes.	The	evaluations	for	planning	
purposes	were	initially	based	on	75	percent	of	the	new	width	allocated	to	agricultural	
use	and	25	percent	allocated	to	habitat	restoration.
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Modifications	to	the	Colusa	and	Tisdale	weirs	and	the	Butte	Basin	overflow	areas	
from	the	Sacramento	River	will	be	considered	as	part	of	the	expansion.	The	expan-
sion	may	require	rebuilding	some	SPFC	facilities,	such	as	weirs	and	pumping	 
stations.

Yolo Bypass Expansion

Future	studies	to	refine	specific	project	elements	related	to	bypass	expansion	should	
consider	the	following:

•	 Lengthening	and/or	lowering	the	Fremont	Weir	and	incorporating	features	to	
facilitate	fish	passage	through	the	upper	bypass	and	at	the	weir.

•	 Increasing	capacity	in	the	upper	portion	of	the	Yolo	Bypass	(upstream	from	
the	Sacramento	Bypass)	by	setting	back	levees	and/or	purchasing	easements.

•	 As	described	under	Urban	Flood	Protection	above,	evaluate	the	Cache	Creek	
Settling	Basin	to	identify	a	long-term	program	for	managing	sediment	and	
mercury	to	sustain	the	flood	conveyance	capacity	of	the	Yolo	Bypass.

•	 Expanding	the	lower	end	of	the	Yolo	Bypass	upstream	from	Rio	Vista	by	 
setting	back	levees.

About	42	miles	of	new	levee	could	potentially	be	required	to	expand	the	 
Yolo	Bypass.

Sacramento Bypass Expansion

As	part	of	urban	elements	to	reduce	flood	risks	to	the	Sacramento/West	Sacramento	
metropolitan	area,	future	studies	to	refine	specific	project	elements	related	to	bypass	
expansion	(also	mentioned	under	Urban	Flood	Improvements)	will	consider	 
the	following:

•	 Widening	the	Sacramento	Weir
•	 Automating	the	weir	or	eliminating	gates
•	 Widening	the	Sacramento	Bypass	by	constructing	about	two	miles	of	 
new	levee

•	 Making	operational	changes	to	the	Sacramento	Weir	and	Bypass,	 
as necessary

3.5.2 New Bypasses
Two	new	bypasses	are	included	in	the	SSIA.	While	they	primarily	provide	benefits	
to	the	urban	areas	of	Yuba	City/Marysville	and	Stockton,	they	are	described	here	
with	other	system	improvements	because	of	their	complexity	and	long	lead	time	for	
construction.

Feather River Bypass

Evaluate	the	feasibility	of	constructing	a	new	bypass	from	the	Feather	River	to	the	
Butte	Basin	to	further	contribute	to	improving	overall	urban,	small	community,	
and	rural-agricultural	flood	protection	in	the	planning	area.	The	new	bypass	would	
require	construction	of	about	16	miles	of	new	levee	on	one	side	of	the	Cherokee	
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Canal.	A	new	bypass	would	have	the	potential	to	reduce	flood	stages	by	as	much	as	
one	foot	at	Yuba	City	and	Marysville	during	a	100-year	(1%	annual	chance)	flood.	A	
new	bypass	would	also	provide	greater	system	resiliency	in	accommodating	future	
hydrologic	changes	in	the	planning	area,	including	those	due	to	climate	change,	and	
would	be	a	relief	path	when	Feather	River	flows	are	greater	than	200-year	(0.5%	
annual	chance).	The	State	will	consider	findings	of	ongoing	studies	by	local	entities	
when	evaluating	the	potential	system	benefits	of	the	bypass.

Lower San Joaquin Bypass

Evaluate	the	construction	of	a	new	bypass	in	the	south	Delta	(expansion	of	Paradise	
Cut	and/or	other	south	Delta	waterways),	primarily	for	the	purpose	of	reducing	peak	
flood	stages	in	the	Stockton	area.	A	south	Delta	bypass	will	include	habitat	compo-
nents.	A	gate	structure	or	weir	at	Paradise	Cut	will	be	considered	as	part	of	the	 
project.	The	new	bypass	would	require	construction	of	about	eight	miles	of	new	
levee.	In	combination	with	the	bypass,	the	State	will	consider	purchasing	easements	
in	the	south	Delta	from	willing	sellers	to	provide	floodwater	storage	and	reduce	peak	
flood	stages	along	the	San	Joaquin	River.

3.5.3 Flood System Structures
Several	flood	system	structures	will	require	rehabilitation,	rebuilding,	or	modifica-
tions.	These	structures	are	primarily	associated	with	the	bypass	expansions	and	new	
bypasses	described	above.	Flood	structures	and	related	actions	include	 
the	following:

•	 Intake	structure	for	the	new	Feather	River	Bypass
•	 Butte	Basin	small	weir	structures
•	 Upgrade	and	modification	of	Colusa	and	Tisdale	weirs	
•	 Modifications	to	bridges	to	reduce	or	eliminate	flow	constrictions	
•	 Sacramento	Weir	widening	and	automation	or	elimination	of	gates
•	 Gate	structures	and/or	weir	for	new	Lower	San	Joaquin	Bypass
•	 Low-level	reservoir	outlet	at	New	Bullards	Bar	Dam	to	facilitate	changes	in	

reservoir operations
•	 Other	pumping	plants	and	small	weirs,	such	as	those	associated	with	the	 
Sutter	Bypass

In	addition,	opportunities	to	expand	fish	passage	at	SPFC	structures	will	 
be	considered.

3.5.4 Flood Storage
Preliminary	systemwide	analyses	have	identified	potential	benefits	and	opportuni-
ties	for	reservoir	flood	storage	and	operational	changes	for	flood	management	in	the	
Sacramento	River	and	San	Joaquin	river	basins.

Flood	storage	may	reduce	the	need	for	some	types	of	downstream	actions,	such	as	
levee	improvements,	and	can	offset	the	hydraulic	effects	of	system	improvements	on	
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downstream	reaches.	Additional	flood	storage	can	also	provide	greater	flexibility	in	
accommodating	future	hydrologic	changes,	including	climate	change,	and	provide	
greater system resiliency (similar to that provided by freeboard on levees) in the face 
of	changing	downstream	conditions.

New Reservoir Storage

The	only	new	surface	water	storage	included	in	the	SSIA	is	the	Folsom	Dam	Raise,	
which	is	already	authorized.	During	future	feasibility	studies,	the	State	may	consider	
partnering	with	other	willing	agencies	on	expanding	existing	reservoir	storage.

Transitory Storage

The	SSIA	has	not	identified	specific	floodplain	transitory	storage,	but	may	consider	
such	storage	on	a	willing-seller	basis	where	consistent	with	local	land	use	plans,	all	
affected	land	owners	support	such	storage,	and	the	new	flood	storage	area	can	be	
safely	isolated	from	adjacent	areas	(easements	or	fee	title).

3.5.5 Conjunctive Use and Groundwater Recharge
Capturing	and	using	floodflows	for	groundwater	recharge	has	been	considered	as	
a	component	of	integrated	flood	and	water	management	for	the	SSIA.	Conjunctive	
water	management	through	use	of	floodwater	for	recharge	has	been	practiced	for	
many	years,	especially	in	the	San	Joaquin	Valley.	The	State	supports	programs	that	
use	flood	flows	for	groundwater	recharge	to	improve	water	management	throughout	
California.	However,	the	State	also	recognizes	the	limitations	of	direct	groundwater	
recharge	in	lowering	flood	stage	and	reducing	flood	risks,	especially	in	the	Sacra-
mento	River	Basin.	These	limitations	are	due	to	inadequate	groundwater	storage	
capacity,	except	in	the	American	River	Basin,	and	low	recharge	rates	in	comparison	
with	large	floodflows.	More	substantial	recharge	capacities	cannot	be	achieved	with-
out	significant	investments	in	off-stream	recharge	facilities	or	regional	infrastruc-
ture	to	facilitate	in-lieu	recharge,	such	as	those	North	of	the	American	River	in	the	
Sacramento	metropolitan	area.	Consistently,	these	facilities	are	developed	by	local	
agencies	with	emphases	on	water	supply	purposes.	Considering	these	limitations,	
the	SSIA	provides	opportunities	for	in-channel	groundwater	recharge	and,	although	
not	recommending	any	specific	recharge	projects	at	this	time,	encourages	exploring	
recharge	opportunities	in	the	San	Joaquin	River	Basin,	especially	for	capturing	a	
portion	of	high	flows	from	snowmelt,	where	feasible.

3.5.6 Operational Changes
Operational	changes	to	SPFC	facilities	can	benefit	both	flood	risk	reduction	and	the	
ecosystem.	Initial	concepts	for	operational	changes	are	described	below	for	existing	
reservoirs	and	bypasses.

Coordinated Reservoir Operations

Most	major	reservoirs	in	the	Central	Valley	have	been	designed	and	built	to	meet	
multiple	purposes,	including	water	supply,	recreation,	and	flood	control.	These	
multipurpose	reservoirs	have	defined	water	conservation	space	for	capturing	winter	
and	spring	runoff	for	water	supply	purposes,	and	designated	flood	control	space	to	
capture,	manage	floodflows	to	reduce	flood	releases	downstream.
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The	Forecast-Coordinated	Operations	(F-CO)	Program	seeks	to	coordinate	flood	
releases	from	the	reservoirs	located	in	various	tributaries	of	a	major	river	to	optimize	
the	use	of	downstream	channel	capacity,	the	use	of	total	available	flood	storage	space	
in	the	system,	and	eventually	to	reduce	overall	peak	floodflows	downstream	from	
these	reservoirs.	The	management	process	and	partnerships,	formed	during	early	
development	of	the	F-CO	Program,	contribute	significantly	to	enhanced	coordination	
of	reservoir	operations	during	flood	events.

Implementing	Forecast-Based	Operations	(F-BO)	of	Central	Valley	reservoirs	is	the	
next	logical	step	in	advancing	the	F-CO	Program.	The	intended	F-BO	would	involve	
the	use	of	improved	long-term	runoff	forecasting	and	operating	within	the	param-
eters	of	an	existing	flood	control	diagram.	Proactive	
reservoir	management	through	the	use	of	a	more	
flexible	flood	control	diagram	would	require	exten-
sive	studies	of	the	most	feasible	diagram,	environ-
mental	documentation	for	changing	reservoir	opera-
tions,	and	Congressional	approval	for	a	new	dynamic	
flood	control	diagrams.	The	SSIA	includes	imple-
mentation	of	both	F-CO	and	F-BO	for	all	reservoirs	
in	the	Central	Valley.

As	part	of	early	FloodSAFE	implementation,	opera-
tors	at	Lake	Oroville	and	New	Bullards	Bar	Res-
ervoir	have	begun	coordinating	flood	operations	to	
better	manage	downstream	flows	on	the	Yuba	and	
Feather	rivers.	The	coordinated	operation	of	New	
Bullards	Bar	Reservoir	with	Lake	Oroville	will	re-
quire	construction	of	an	outlet	to	accommodate	early	
releases	of	floodflows	from	New	Bullards	Bar	Dam;	
preliminary	evaluations	indicate	that	a	new	outlet	with	a	capacity	of	about	20,000	
cubic	feet	per	second	should	be	considered.

In	addition,	DWR	will	consider	willing	partnerships	with	other	reservoir	operators	to	
accomplish	F-BO	and	overall	F-CO	program	objectives.

Weir and Bypass Operational Changes

The	State	proposes	to	investigate	modifying	the	function	and	operation	of	weirs	that	
spill	floodwater	to	the	bypasses	in	the	Sacramento	River	Basin.	The	concept	is	to	
physically	lower	crests	of	overflow	weirs	and	modify	operations	so	that	bypasses	
carry	flows	earlier	and	for	longer	durations	during	high	river	stages.	These	changes	
would	reduce	river	stages	and	flood	risks	along	main	rivers.	Depending	on	timing,	
duration,	and	a	host	of	related	hydraulic	factors,	the	more	frequently	activated	flood-
plain	in	the	bypasses	would	potentially	provide	a	more	productive	rearing	habitat	for	
juvenile	salmonids	and	other	native	fish	and	may	provide	riparian	habitat.	

One	potential	change	in	operations	is	for	the	Sacramento	Weir,	which	is	currently	
opened	when	the	Sacramento	River	water	surface	elevation	reaches	27.5	feet	at	the	
I	Street	Bridge.	Evaluation	may	show	that	opening	the	weir	when	the	river	stage	

Water Flowing from Sacramento River to Yolo Bypass 
Through Sacramento Weir and Bypass
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reaches	25	feet	provides	improvements	in	both	flood	management	and	ecosystem	
function.	Similarly,	the	crest	of	the	Fremont	Weir	may	be	lowered	or	other	modifica-
tions	made	to	provide	flow	to	the	Yolo	Bypass	below	its	current	spill	stage.	Other	
structures	that	would	be	subject	to	assessment	and	potential	operational	modifica-
tions	include	Moulton,	Colusa,	Tisdale,	and	Paradise	Cut	weirs.

Evaluations	would	also	need	to	consider	the	extent	of	potential	impacts	from	more	
frequent	and	longer	durations	of	flooding	in	the	bypasses.	For	example,	some	levees	
along	the	bypasses	may	not	be	as	durable	as	levees	along	the	main	rivers	–	levee	 
reliability	could	be	lowered	by	longer	duration	wetting.	Longer	duration	flooding	of	
the	bypasses	would	increase	the	duration	of	levee	patrols.	Also,	extending	the	dura-
tion	of	bypass	flooding	could	interfere	with	ongoing	agricultural	practices.

3.5.7 Features to Mitigate Potential Flood Stage Increases
Since	future	feasibility	studies	are	needed	to	refine	the	SSIA,	the	ultimate	configura-
tion	of	facilities	will	likely	vary	from	those	presented	in	the	SSIA.	Only	at	that	time	
will	the	State	know	the	potential	magnitude	and	extent	of	hydraulic	impacts	from	
planned	improvements,	if	any,	within	the	system.	Cost	estimates	for	the	SSIA	 
include	an	allowance	for	features	to	mitigate	significant	hydraulic	impacts	caused	by	
project	implementation.

A	number	of	mitigation	features	may	be	used,	depending	on	the	hydraulic	impacts	
throughout	the	system	and	downstream	from	SPFC	facilities.	Mitigation	features	
may	include	the	following:

•	 Levee enhancements for affected areas
•	 New	surface	storage	partnerships	with	willing	reservoir	operators
•	 New	transitory	storage	
•	 Modification	of	project	designs	to	limit	stage	increases
•	 Other	features	that	appear	promising	during	feasibility	studies

3.6 Non-State Plan of Flood Control Levees
Approximately	420	miles	of	private	non-SPFC	levees	are	closely	associated	with	
SPFC	levees.	Non-SPFC	levees	are	those	(1)	that	abut	SPFC	levees,	(2)	whose	per-
formance	may	affect	the	performance	of	SPFC	levees,	or	(3)	that	provide	flood	risk	
reduction	benefits	to	areas	also	being	protected	by	SPFC	features.

3.6.1 Non-State Plan of Flood Control Urban Levees 
A	total	of	about	120	miles	of	non-SPFC	urban	levees	work	in	conjunction	with	
SPFC	levees	to	provide	protection	to	urban	areas	within	the	SPFC	Planning	Area.	
Table	3-3	shows	the	distribution	of	non-SPFC	levees	for	the	various	urban	areas.	
Figure	3-3	shows	the	locations	of	these	non-SPFC	urban	levees.

To	achieve	200-year	(0.5%	annual	chance)	flood	protection,	improvements	to	both	
SPFC	and	non-SPFC	levees	will	be	needed.	DWR	has	estimated	that	improving	
these	non-SPFC	urban	levees	to	achieve	this	level	of	protection	would	cost	approxi-
mately	$1.2	billion	in	2011	dollars.	This	cost	is	included	in	the	SSIA	costs.	
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The	State	recognizes	that	for	an	urban	area	protected	jointly	by	both	SPFC	and	
non-SPFC	levees,	the	legislated	requirement	for	an	urban	level	of	flood	protection	
(200-year	or	0.5%	annual	chance	flood)	requires	improvement	to	both	types	of	facili-
ties.	The	Board	may	choose	to	treat	some	or	all	these	non-SPFC	levees	in	a	similar	
manner	to	SPFC	urban	levees	for	State	participation	in	levee	improvements,	and	po-
tentially	add	them	to	the	SPFC.	Alternatively,	if	the	Board	chooses	not	to	add	these	
levees	to	the	SPFC,	the	State	will	consider	participation	in	improvements	to	these	
levees	under	other	 
State	programs.

In	addition,	completed	and	ongoing	Early	Implementation	Projects	initiated	since	
bond	funding	became	available	in	2007	will	likely	be	added	to	the	SPFC	when	final	
documentation	is	complete.

3.6.2 Non-SPFC Nonurban Levees
About	300	miles	of	non-SPFC	nonurban	levees	work	in	conjunction	with	SPFC	
levees	in	rural	areas.	Most	of	these	levees	are	along	the	upper	San	Joaquin	River.	
Figure	3-3	shows	the	locations	of	non-SPFC	nonurban	levees	that	protect	portions	of	
the	SPFC	Planning	Area.	Non-SPFC	Delta	levees	are	not	included	since	they	do	not	
protect	the	SPFC	Planning	Area.

Improving	these	levees	to	the	same	level	as	SPFC	rural	levees	would	cost	about	
$300	million.	This	cost	is	not	included	in	the	costs	for	the	SSIA.	Portions	of	these	
non-SPFC	nonurban	levees	may	be	candidates	for	being	added	to	the	SPFC	after	
preparation	of	regional	plans	and	feasibility	studies	(see	Section	4),	but	DWR	has	
not	included	them	as	part	of	the	SSIA.

URBAN AREA NON-SPFC LEVEES 
(miles)

Chico 0

Yuba City 0

Marysville 0

Sacramento 24

West Sacramento 30

Woodland 1

Davis 0

Stockton 65

Merced 0

Total 120

Key:  
SPFC = State Plan of Flood Control

Table 3-3. Non-State Plan of Flood Control Urban Levees
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Figure 3-3.  Non-State Plan of Flood Control Levees Protecting Portions of State Plan of Flood Control 
Planning Area 

Key:  SPFC = State Plan of Flood Control
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3.7 Integrating Ecosystem Restoration  
 Opportunities with Flood Risk  
 Reduction Projects
While	flood	risk	reduction	(public	safety)	remains	the	primary	
goal	of	the	CVFPP,	early	integration	of	other	important	re-
source	management	goals	into	the	plan	formulation	process	
remains	a	premise	of	integrated	flood	management.	Those	
supporting	goals,	along	with	the	legislative	objectives,	are	
described	in	Section	1.6.2.	This	will	help	improve	overall	flood	
project	delivery	and	may	broaden	public	support	for	 
flood	projects.

In	taking	an	integrated	flood	management	approach,	the	in-
tent	of	the	SSIA	is	to	make	progress	on	improving	ecological	
conditions	on	a	systemwide	basis,	using	integrated	policies,	
programs,	and	projects.	This	approach	builds	upon	and	ad-
vances	on-going	efforts	and	successes	to	incorporate	environ-
mental	benefits	into	flood	management	projects.	Integrating	
environmental	stewardship	early	into	policy	and	project	plan-
ning,	development,	and	implementation	will	help	move	beyond	
traditional	project-by-project	compensatory	mitigation.	This	
approach	also	creates	the	opportunity	to	develop	flood	manage-
ment	projects	that	may	be	more	sustainable	and	cost-effective,	
and	can	provide	ecological	benefits	while	protecting	public	
safety.	Under	the	SSIA,	ecosystem	restoration	opportunities 
are	integral	parts	of	system	improvements,	as	well	as	urban,	
small	community,	and	rural-agricultural	area	flood	protection	
projects.	

Attachment	2	to	the	CVFPP,	the	Conservation	Framework,	
provides	a	preview	of	a	long-term	Central	Valley	Flood	Sys-
tem	Conservation	Strategy	(Conservation	Strategy)	that	DWR	
is	developing	to	support	the	2017	update	of	the	CVFPP.	The	
Conservation	Framework	focuses	on	promoting	ecosystem	
functions	and	multi-benefit	projects	in	the	context	of	integrated	flood	management	
for	near-term	implementation.	The	Conservation	Framework	provides	an	overview	
of	the	floodway	ecosystem	conditions	and	trends	and	key	conservation	goals	that	 
further	clarify	the	CVFPP’s	ecosystem	goal.	The	Conservation	Framework	also	 
identifies	opportunities	for	integrated	flood	management	projects	that	can,	in	addi-
tion	to	improving	public	safety,	enhance	riparian	habitats,	provide	connectivity	of	
habitats,	restore	riparian	corridors,	improve	fish	passage,	and	reconnect	the	river	and	
floodplain.	

The	long-term	Conservation	Strategy	will	be	consistent	with	the	Conservation	
Framework	and	provide	a	comprehensive,	long-term	approach	for	the	State	to	
achieve	the	objectives	of	the	Central	Valley	Flood	Protection	Act	and	the	 

CENTRAL VALLEY FLOOD PROTECTION 
ACT OF 2008

California Water Code Section 9614. 
“The Plan shall include…
(j) A description of structural and 
nonstructural means for enabling or 
improving Systemwide riverine ecosys-
tem function, including, but not limited 
to, establishment of riparian habitat and 
seasonal inundation of available flood 
plains where feasible.”
California Water Code Section 9616. 
“The Plan shall meet…multiple objec-
tives…including…
(7) Promote natural dynamic hydrologic 
and geomorphic processes.
(9) Increase and improve the quantity, 
diversity, and connectivity of riparian, 
wetland, flood plain, and shaded riverine 
aquatic habitats, including the agricul-
tural and ecological values of these 
lands.
(11) Promote the recovery and stability 
of native species populations and overall 
biotic community diversity.”
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FloodSAFE	and	CVFPP	goals.	Flood	protection	projects	that	are	integrated	with	 
environmental restoration components have the potential to increase federal and 
State	cost-sharing	for	flood	management	projects	and	make	improvements	more	 
affordable	for	local	entities.

Consistent	with	the	Conservation	Framework,	ecosystem	restoration	and	enhance-
ment	opportunities	of	the	SSIA	include	the	following:

•	 Regional improvements (urban, small community, and rural- 
agricultural areas)	–	Flood	protection	projects	will	preserve	important	
shaded	riparian	aquatic	habitat	along	riverbanks	and	help	restore	the	regional	
continuity/connectivity	of	such	habitats.	Planning	and	designs	for	flood	risk	
reduction	projects	will	consider	opportunities	to	enhance	ecosystem	 
functions.

•	 System improvements	–	DWR,	through	its	multiple	programs,	will	continue	
to	work	on	integrated	flood	management	projects	within	the	Systemwide	
Planning	Area,	and	will	evaluate	and	initiate	other	projects	that	benefit	the	
SPFC.	Sutter	and	Yolo	bypass	expansions	(described	previously)	may	 
increase	the	overall	area	of	floodplain	that	would	support	wetland	habitats.	

•	 Fish passage improvements	–	Improve	fish	passage	at	SPFC	weirs,	bypass-
es,	and	other	flood	management	facilities	undergoing	modification	or	re- 
habilitation	to	improve	access	to	upstream	aquatic	habitat	and	facilitate	 
natural	flow	routing.	Possible	candidates	for	fish	passage	improvements	
include	the	following:

 » Big Chico Creek system
 » Tisdale and Colusa weirs
 » Cache Creek Settling Basin 
 » Fremont Weir
 » Yolo Bypass
 » Willow Slough Weir in Yolo Bypass
 » S acramento Weir
 » Sand Slough Control Structure

DWR’s	goal	in	integrating	ecosystem	restoration	and	enhancement	is	to	achieve	
overall	habitat	improvement,	thereby	reducing,	or	eliminating	the	need	to	mitigate	
for	most	ecosystem	impacts.	However,	depending	on	the	timing	of	improvements	
and	implementation,	some	ecosystem	mitigation	may	be	required.

3.8 Climate Change Adaption Strategy
As	mentioned	in	Section	1,	climate	change	is	likely	to	generate	more	extreme	floods	
in	the	future.	Development	of	flood	hydrology	that	accounts	for	the	potential	effects	
of	climate	change	is	a	complicated	and	time-consuming	exercise	that	must	account	
for	many	uncertainties.	DWR,	in	partnership	with	the	USACE,	is	in	the	process	
of	developing	new	hydrology	that	includes	the	effects	of	climate	change,	but	that	
hydrology	will	not	be	ready	for	use	in	system	evaluation	until	late	2012.	Therefore,	
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the	new	hydrology	will	be	most	useful	in	technical	evaluations	
leading	to	the	2017	update	of	the	CVFPP.

Even	though	climate	change	hydrology	was	not	yet	available,	
development	of	the	SSIA	included	allowances	for	potentially	
higher	flows	due	to	climate	change.	Providing	wider	bypasses	
to	lower	floodwater	surface	elevations	would	increase	flow-
carrying	capacity	and	flexibility	to	deal	with	higher	flood	flows	
that	may	occur	because	of	climate	change.	Changes	in	reservoir	
operations	from	F-CO	and	F-BO	can	provide	flexibility	and	
adaptability	to	changes	in	extreme	flood	events.	In	addition,	
the	SSIA	includes	the	potential	for	the	State	to	participate	with	
others in reservoir expansion projects and in obtaining rights for 
floodplain	transitory	storage	from	willing	landowners.	These	
and	other	strategies	to	address	the	effects	of	climate	change	will	
be	further	evaluated	for	the	2017	update	of	the	CVFPP.	

The effects of sea level rise are important in the Sacramento-
San	Joaquin	Delta,	portions	of	which	are	protected	by	SPFC	
facilities.	Sea	level	rise	will	affect	levees	within	the	Delta	and	
for	some	distance	upstream	along	the	rivers.	The	estimated	 
average	sea	level	rise	is	currently	under	the	review	of	the	Na-
tional	Research	Council.	For	the	2012	CVFPP,	high	tide	condi-
tions	during	the	1997	flood	(a	strong	El	Nino	event)	were	used	as	the	boundary	 
conditions	for	hydraulic	analysis	and	could	be	considered	an	initial,	surrogate	 
condition	under	climate	change.	This	tide	was	about	two	feet	higher	than	would	
normally	be	expected	on	the	basis	of	solar	and	lunar	gravitational	forces	that	create	
tides.	DWR	will	continue	to	coordinate	with	other	DWR	programs,	Delta	Steward-
ship	Council’s	Delta	Plan,	and	ongoing	USACE	feasibility	studies	to	collectively	
address	how	sea	level	rise	could	contribute	to	potential	estuary	flooding	in	the	Delta.	

For	the	2017	CVFPP	update,	improved	sea	level	rise	information	will	be	used.	DWR	
will	develop	approaches	for	addressing	sea	level	rise	that	may	vary	depending	on	the	
expected	range	and	rate	of	sea	level	rise.	For	example,	these	approaches	may	vary	
from	abandoning	some	facilities	to	raising	and	strengthening	affected	levees.	Some	
affected	areas	may	be	transformed	to	ecosystem	uses.	Other	management	approaches	
may	be	considered,	as	supported	by	technical	analysis	during	the	preparation	of	
regional	plans	and	feasibility	studies.

DWR	is	developing	a	new	methodology	for	estimating	the	impacts	of	climate	change	
on	flood	hydrology.	Typical	climate	change	impact	assessments	for	long-term	water	
supply	needs	consider	likely	changes	in	average	temperature	and	precipitation.	How-
ever,	climate	change	impacts	on	extreme	events,	such	as	floods,	will	not	result	from	
changes	in	averages,	but	from	changes	in	local	extremes.	Therefore,	DWR	 
collaborated	with	the	National	Oceanic	and	Atmospheric	Administration,	U.S.	
Geological	Survey,	USACE,	and	Reclamation	in	developing	a	new	methodology	
based	on	the	intensity	of	“Atmospheric	Rivers,”	which	are	fast-moving,	concentrated	
streams	of	water	vapor	that	can	release	heavy	rains.	Since	the	moisture	source	of	 

CLIMATE CHANGE

Climate change impacts for extreme 
events, such as flooding and droughts, will 
result not from changes in averages, but 
from changes in local extremes. DWR initi-
ated a study to investigate a new approach 
to assessing impacts based on climate 
change indices more suitable for flood 
events – “Atmospheric Rivers.”   
Preliminary findings are promising for:

•	 Assessing climate change impacts on flood 
management and to communities receiving 
flood protection 

•	 Identifying prudent system improvements 
that are resilient in climate change  
conditions

DWR intends to continue methodology 
development and application for the 2017 
CVFPP Update.
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water	vapors	is	often	the	ocean	southwest	of	the	Hawaiian	Islands,	these	storm	
events	are	often	referred	to	as	Pineapple	Expresses.	

Since available climate change information does not present probabilistic character-
istics,	DWR	is	working	on	the	concept	of	prudent	decision	making	that	focuses	on	
investments	that	could	accommodate	a	broader	range	of	climate	change	scenarios	
rather	than	optimizing	investments	within	a	few	selective	scenarios.	The	resulting	
Threshold	Analysis	Approach	was	applied	to	the	Yuba-Feather	system	in	a	proof-of-
concept	pilot	study.	The	results	of	the	pilot	study	suggest	that	under	the	F-CO,	New	
Bullards	Bar	Dam	on	the	Yuba	River	has	inadequate	capacity	to	help	respond	to	 
climate	change,	as	compared	to	Oroville	Dam	on	the	Feather	River,	because	of	lim-
ited	regulating	capacities.	This	information	provides	guidance	for	the	overall	invest-
ment	strategy	for	modifications	such	as	enlarged	outlets	at	New	Bullards	Bar	Dam.	
DWR	intends	to	fully	develop	the	Threshold	Analysis	Approach	for	the	2017	Update	
with	new	Central	Valley	hydrology	and	improved	Atmospheric	River	indices.	

In	summary,	improved	climate	change	information	will	allow	more	detailed	evalua-
tion	of	potential	climate	change	impacts	on	the	SPFC	and	refinement	of	approaches	
to	manage	higher	floodflows	and	sea	levels	during	preparation	of	regional	plans	and	
feasibility	studies.

3.9 Considerations for  
 Sacramento-San Joaquin Delta
Land	uses	in	the	Delta	outside	the	SPFC	are	primarily	rural	and	dominated	by	 
agriculture	and	open	space,	with	several	dispersed	small	communities.	Flood	 
management	facilities	primarily	include	levees,	which	often	protect	lands	at	or	
below	sea	level.	Flood	management	responsibilities	in	Delta	areas	outside	the	SPFC	
reside	with	a	variety	of	local	agencies,	supported	by	the	State’s	Delta	Special	Flood	
Projects	Program	and	Delta	Levees	Maintenance	Subventions	Program.

Restoration	of	ecosystem	functions	and	aquatic	habitats	in	the	Delta	have	been,	and	
continue	to	be,	the	focus	of	various	State,	federal,	and	local	efforts,	in	addition	to	
water	supply	and	flood	management	planning.	Major	efforts	include	the	Delta	Stew-
ardship	Council’s	Delta	Plan,	the	Delta	Protection	Commission’s	Economic	Sustain-
ability	Plan,	the	Bay	Delta	Conservation	Plan,	and	the	Delta	Habitat	Conservation	
and	Conveyance	Program.

The	CVFPP	supports	a	financially	and	environmentally	sustainable	Delta.	Depend-
ing	on	which	elements	of	the	SSIA	are	eventually	implemented	in	upstream	regions,	
there	is	a	potential	for	hydraulic	impacts	in	the	Delta.	The	SSIA	includes	manage-
ment	actions	(see	Section	3.5.9),	and	a	cost	allowance,	to	lessen	or	mitigate	these	
impacts	compared	with	current	conditions.

The	State	will	continue	to	support	Delta	flood	management	improvements	outside	
the	SPFC	through	existing	programs	and	in	coordination	with	ongoing	multiagency	
Delta	planning	efforts.	Existing	programs	include	the	Statewide	Flood	Management	
Planning	Program,	Delta	Levees	Maintenance	Subventions	Program,	Delta	Special	



PUBLIC DRAFT | DECEMBER 2011           PAGE 3–25

SECTION 3.0 | STATE SYSTEMWIDE INVESTMENT APPROACH

Flood	Control	Projects	program,	emergency	planning	and	response	support,	and	
other	residual	risk	management	programs	and	support	provided	by	the	State.

3.10 U.S. Army Corps of Engineers  
 Levee Vegetation Policy and  
 Public Law 84-99 Eligibility
The	USACE	levee	vegetation	management	policy	affects	implementation	of	the	
SSIA	and	its	ability	to	maintain	eligibility	for	federal	Public	Law	84-99	rehabili-
tation	assistance	in	the	event	of	flooding.	The	following	provides	context	for	the	
USACE	policy	and	the	State’s	resultant	levee	vegetation	management	strategy	
described	in	Section	4.	A	more	detailed	description	of	the	levee	vegetation	manage-
ment	issue	can	be	found	in	Attachment	2	–	Conservation	Framework.

3.10.1 U.S. Army Corps of Engineers  
 Levee Vegetation  Policy
In	April	2007,	USACE	released	a	draft	white	paper,	Treatment of Vegetation within 
Local Flood Damage Reduction Systems,	which	clarified	its	nationwide	policy	
regarding	the	removal	of	wild	growth,	trees,	and	other	encroachments	as	a	prereq-
uisite	for	Public	Law	84-99	eligibility.	The	USACE	policy	requires	removal	of	all	
woody	vegetation	from	levee	slopes	and	toe	areas.	This	policy	is	not	consistent	with	
the	USACE	“vegetation	variance	letter”	dated	August	3,	1949,	which	revised	the	
Standard	O&M	Agreement	to	include	the	following	text:	“Brush	and	small	trees	may	
be	retained	on	the	waterward	slope	where	desirable	for	the	prevention	of	erosion	and	
wave	wash.	Where	practicable,	measures	shall	be	taken	to	retard	bank	erosion	by	the	
planting	of	willows	or	other	suitable	growth	on	areas	riverward	of	the	levees.”	The	
2007	policy	is	also	not	consistent	with	the	long-standing	USACE	practice	of	protect-
ing	trees	while	performing	levee	repairs	on	Central	Valley	levees,	and	requiring	new	
tree	planting	in	its	levee	designs,	where	feasible.

USACE	has	proposed	the	new	levee	vegetation	policy	to	improve	levee	integrity	and	
reduce	flood	risk.	The	Flood Control System Status Report includes	DWR’s	assess-
ment	of	the	safety	risks	associated	with	trees	and	shrubs	on,	and	adjacent	to,	levees.	
The	report	concludes	that	properly	trimmed	and	spaced	levee	vegetation	poses	a	low	
threat	to	levee	integrity	in	comparison	with	other	risk	factors,	and	can	help	stabilize	
soils	and	reduce	nearshore	flow	velocities.	DWR	does	not	believe	that	the	presence	
of	properly	maintained	woody	vegetation	on	“legacy	levees”	constitutes	a	degree	of	
risk	that	necessarily	requires	removing	vegetation	or	constructing	engineered	works	
to	address	the	perceived	risk.	Instead,	DWR	believes	such	“legacy	levee	vegetation”	
needs to be considered in a balanced recognition of its role to the ecosystem and to 
the	levee’s	integrity.

A	preliminary	assessment	by	DWR	has	also	concluded	that	the	complete	removal	of	
existing	woody	vegetation	along	the	1,600-mile	legacy	Central	Valley	levee	system	
would	be	enormously	expensive,	would	divert	investments	away	from	more	critical	
threats	to	levee	integrity,	and	would	be	environmentally	devastating.	Recent	 
USACE	research	regarding	the	risks	associated	with	trees	on	levees	found	that	trees	
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can	slightly	increase	or	decrease	levee	safety,	depending	on	their	location	on	the	
levee	slope.	While	concluding	that	more	research	is	needed,	the	research	did	not	
characterize	levee	vegetation	as	a	major	risk	factor.

In	the	spirit	of	cooperation,	DWR,	USACE,	local	maintaining	agencies,	and	key	 
federal	and	State	resources	agencies,	have	been	engaged	in	California	Levees	
Roundtable	discussions	since	August	2007.	Early	discussions	regarding	ways	to	
address	USACE’s	levee	vegetation	policy	led	to	the	California’s Central Valley 
Flood System Improvement Framework	(Framework	Agreement),	dated	February	
27,	2009.	The	Framework	Agreement	allows	Central	Valley	levees	to	retain	accept-

able	maintenance	ratings	and	Public	Law	84-99	rehabilita-
tion	eligibility	as	long	as	levee	trees	and	shrubs	are	properly	
trimmed	and	spaced	to	allow	for	visibility,	inspection	vehi-
cles,	and	floodfight	access.	The	Framework	Agreement	states	
that	“…the	eligibility	criteria	will	be	reconsidered	based	on	
the	contents	of	the	CVFPP.”

While	the	California	Levees	Roundtable	discussions	were	
underway,	USACE	issued	Engineering	Technical	Letter	
(ETL)	1110-2-571,	which	finalized	its	Guidelines for Land-
scape Planting and Vegetation Management at Levees, 
Floodwalls, Embankment Dams, and Appurtenant Struc-
tures	(April	10,	2009).	These	guidelines	essentially	estab-
lished	a	woody	vegetation-free	zone	on	all	levees	and	the	
adjoining	ground	within	15	feet	of	the	levee	on	both	sides,	
and	are	at	odds	with	DWR’s	independent	assessment	de-
scribed	above.	As	an	implementation	directive	for	the	ETL,	
USACE	subsequently	issued	a	draft	Policy	Guidance	Letter	
(PGL),	Variance from Vegetation Standards for Levees and 
Floodwalls	(February	9,	2010).	Congress,	through	the	Water	
Resources	Development	Act	of	1996,	Section	202	(g),	had	
mandated	that	USACE	“address	regional	variations	in	levee	
management	and	resource	needs”	–	but	the	February	2010	
draft	PGL	did	not	address	regional	variations.

Before	and	following	release	of	the	draft	PGL,	DWR	has	recommended	that	USACE	
formulate	a	variance	process	that	is	workable	on	a	systemwide	scale,	such	as	might	
be	required	for	the	Central	Valley	flood	management	system.	DWR	has	recommend-
ed	that	such	a	variance	process	should	allow	for	consideration	of	the	geotechnical,	
hydraulic,	environmental,	and	economic	factors	that	DWR	believes	are	important	
in	formulating	and	prioritizing	levee	repairs	and	improvements.	Because	the	Febru-
ary	2010	draft	PGL	was	not	workable	from	DWR’s	perspective,	in	May	2011,	DWR	
proposed	an	alternative	variance	procedure	for	USACE	consideration.	Although	
USACE	has	stated	their	procedural	inability	to	work	individually	with	California	(or	
collectively	with	several	non-federal	entities)	to	collaboratively	develop	a	variance	
policy	that	recognizes	and	accommodates	regional	differences,	DWR	remains	hope-
ful	that	USACE	will	issue	a	final	vegetation	variance	PGL	that	will	complement	and	
be	consistent	with	the	CVFPP.

Erosion along the Sacramento River
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It	is	important	to	note	that	the	large-scale	removal	of	levee	vegetation	runs	at	odds	
with	State	and	federal	environmental	requirements.	State	and	federal	resource	 
agencies	find	that	the	ETL	itself,	and	the	potential	impacts	of	widespread	vegetation	
removal	due	to	strict	enforcement	of	that	regulation,	pose	a	major	threat	to	fish	and	
wildlife	species,	including	protected	species,	and	to	their	recovery.	Similarly,	local	
agencies	are	concerned	about	negative	impacts	to	public	safety	from	ETL	compli-
ance	due	to	redirection	of	limited	financial	resources	to	lower	priority	risks.	For	this	
reason,	widespread	vegetation	removal	is	unlikely	to	be	a	feasible	management	 
action	for	many	of	California’s	levees.	

A	further	complication	is	the	question	of	shared	responsibility	for	activities	to	 
address	woody	vegetation.	The	USACE	ETL	and	associated	February	2010	draft	
PGL	do	not	recognize	that	legacy	levee	vegetation	exists	for	a	wide	variety	of	rea-
sons	(in	many	cases,	because	USACE	itself	placed	the	vegetation	or	encouraged	its	
placement	or	retention),	and	instead	treats	all	legacy	levee	vegetation	as	if	it	were	“ 
deferred	maintenance”	and	solely	a	nonfederal	responsibility.	Consequently,	USACE	
asserts	through	the	ETL	and	draft	PGL	that	all	of	the	administrative	and	financial	
burdens	for	ETL	compliance,	or	for	obtaining	a	variance,	should	be	placed	on	its	
nonfederal	partners.	The	State	continues	to	encourage	USACE	to	accept	shared	
responsibility	for	addressing	levee	vegetation	issues,	as	appropriate	–	which	would	
also	facilitate	USACE	plan	formulation	as	a	partner	in	cost-shared	flood	risk	reduc-
tion	projects.	

It	is	important	to	note	that	DWR’s	purpose	in	advocating	for	shared	responsibility	
is	not	to	commit	federal	funds	toward	the	enormous	cost	of	removing	vegetation	
to	achieve	ETL	compliance.	Rather,	DWR	is	advocating	that	such	inordinate	costs	
be	avoided	by	having	USACE	partner	with	DWR	and	local	agencies	in	addressing	
legacy	levee	vegetation	issues,	jointly	considering	the	environmental	and	risk	reduc-
tion	implications	of	vegetation	remediation	within	the	context	of	prudent	expenditure	
of	limited	public	funds.	DWR	will	continue	to	confer	with	USACE	on	plan	formula-
tion	concepts	that	recognize	shared	responsibility	for	addressing	vegetation	issues	
(in	parallel	with	traditional	levee	risk	factors)	within	a	systemwide	risk-informed	
context	that	is	intended	to	enable	critical	cost-shared	flood	system	improvements	to	
move	forward.

A	critical	limitation	of	the	USACE	ETL	is	that	it	is	written	strictly	in	terms	of	new	
levee	construction.	It	does	not	recognize	and	address	the	unique	engineering	and	
environmental	attributes	presented	by	well-established	“legacy	vegetation”	as	an	
integral	aspect	of	many	SPFC	levees.	While	the	CVFPP	proposes	to	adhere	to	 
USACE	vegetation	policy	for	new	levee	construction,	compatibility	of	the	CVFPP	
levee	vegetation	management	strategy	with	implementation	of	USACE	national	 
vegetation	policy	for	“legacy	levee	vegetation”	needs	flexibility	to	recognize	and	 
accommodate	regional	differences	–	which	could	be	achieved	through	a	collabora-
tively	developed	variance	policy	that	provides	such	regional	flexibility.
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3.10.2 Economics of Public Law 84-99 Eligibility for  
 Rural-Agricultural Levees
Noncompliance	with	USACE	vegetation	policy	may	result	in	Public	Law	84-99	 
ineligibility	for	rural-agricultural	levees.	However,	compliance	with	the	policy	is	
costly	and	generally	is	not	affordable	for	rural-agricultural	maintaining	agencies,	
nor	is	it	practicable.	Although	the	Public	Law	84-99	Rehabilitation	and	Inspection	
Program	can	be	helpful	to	nonfederal	sponsors	in	rehabilitating	damaged	levees	after	
a	flood,	its	usefulness	is	limited	in	the	Central	Valley	for	the	following	reasons:

•	 Funding	for	Public	Law	84-99	rehabilitation	assistance	is	generally	very	
limited.	Public	Law	84-99	rehabilitation	assistance	for	significant	damage	
repairs	usually	requires	a	special	appropriation	by	Congress.

•	 There	is	no	mechanism	to	obtain	reimbursement	or	credit	when	a	nonfederal	
sponsor	performs	the	repairs,	or	pays	USACE	to	perform	the	repairs.

•	 Increasingly	stringent	USACE	maintenance	requirements,	especially	for	
encroachments	and	vegetation,	can	be	difficult	to	meet	and	are	unaffordable.

•	 Rehabilitation	projects	need	to	be	economically	justified	with	a	benefit-to-
cost	ratio	of	1.0	or	greater	to	justify	federal	involvement.	In	rural-agricultural	
areas	of	the	Sacramento	and	San	Joaquin	river	basins,	this	requirement	can	
be	difficult	to	achieve.

From	a	nonfederal	perspective,	the	most	critical	concerns	about	implementing	the	
USACE	vegetation	policy	are	the	environmental	impacts,	the	cost	to	comply	with	
the	policy,	and	the	misallocation	of	scarce	public	funds	for	system	improvement.

Based	on	USACE	expenditures	under	Public	Law	84-99	for	declared	flood	events	
in	1995,	1997,	1998,	and	2006,	the	preliminary	estimate	of	annualized	assistance	
of	levee	rehabilitation	is	approximately	$30	million.	This	estimate	is	significantly	
influenced	by	the	$120	million	in	assistance	provided	by	USACE	following	the	1997	
flood	event	–	an	amount	not	likely	to	be	duplicated	based	on	subsequent	changes	in	
USACE	policy,	such	as	their	levee	vegetation	policy.

In	April	2010,	DWR	developed	a	Fiscal Impact Report of the U.S. Army Corps of 
Engineers’ Vegetation Management Standards and Vegetation Variance Policy 
for Levees and Flood Walls.	This	report	includes	the	cost	estimates	of	applying	the	
ETL	to	the	116	critical	levee	repairs	performed	from	2006	through	2008	and	the	cost	
estimate	of	applying	the	ETL	to	the	entire	1,600	miles	of	project	levee	system	by	
extrapolation.	The	estimated	order	of	magnitude	cost	to	comply	with	the	USACE	
policy	ranged	from	$6.5	billion	to	$7.5	billion.	Annualizing	this	cost	of	compliance	
(over	a	50-year	project	life	at	6	percent)	would	yield	an	annual	cost	of	over	$400	
million,	more	than	ten	times	the	$30	million	annual	assistance	estimated	above.

Therefore,	the	State	interest	is	to	follow	the	vegetation	management	strategy	pre-
sented	in	Section	4.	The	local	maintaining	agencies	may	choose	to	comply	with	
the	USACE	vegetation	policy	to	maintain	Public	Law	84-99	eligibility;	however,	
it	would	be	very	challenging	for	rural-agricultural	maintaining	agencies	because	of	
cost	of	compliance	for	eligibility.	This	is	evident	by	the	results	of	fall	2011	USACE	
periodic	inspections,	39	of	116	local	maintaining	agencies	have	lost	eligibility	for	
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Public	Law	84-99	rehabilitation	assistance	for	reasons	other	than	vegetation.	In	ad-
dition,	removal	of	levee	systems	from	“active	status”	under	Public	Law	84-99	based	
on	noncompliant	vegetation	would	be	unfortunate	and	unnecessary.	USACE	 
Engineering	Regulation	500-1-1	protects	the	federal	government	from	bearing	any	of	
the	cost	of	any	levee	rehabilitation	work	associated	with	“deferred	or	deficient	main-
tenance.”	Thus,	to	protect	the	federal	investment	in	SPFC	levees,	USACE	would	
be	justified	in	retaining	“active	status”	for	SPFC	levee	systems	with	noncompliant	
vegetation,	assigning	to	the	nonfederal	partner	any	rehabilitation	costs	attributable	to	
such	vegetation.

3.11 Residual Risk Management
As	elements	of	the	SSIA	are	constructed	over	time,	residual	flood	risk	within	the	
Central	Valley	should	decrease.	However,	the	potential	for	flooding	in	the	Central	
Valley	will	always	pose	risks	to	life	and	property,	particularly	in	areas	of	deep	or	
rapid	flooding.	Table	3-4	illustrates	estimated	residual	risk	management	needs	for	the	
SSIA.	These	can	be	compared	with	the	residual	risk	needs	estimated	for	the	prelimi-
nary	approaches	in	Table	2-2.

FLOOD MANAGEMENT 
ELEMENT

PROJECT LOCATION OR 
REQUIRED COMPONENTS

INCLUDED IN SSIA
IMPLEMENTATION 

Enhanced Flood  
Emergency Response

All-weather roads on levee crown YES

Flood information collection and sharing YES

Local flood emergency response planning YES

Forecasting and notification YES

Rural post-flood recovery assistance program YES 
(small)

Enhanced Operations 
and Maintenance

Identify and repair after-event erosion YES

Developing and implementing enhanced O&M programs and 
regional O&M organizations

YES

Sacramento	channel	and	levee	management,	and	bank	protection YES

Floodplain Management

Raising and waterproofing structures and building berms YES 
(large)

Purchasing and relocating homes in floodplains YES 
(large)

Land use and floodplain management YES

Agricultural conservation easements YES

Key:  
Large	=	relatively	high	level	of	work	to	implement	
O&M = operations and maintenance
Small	=	relatively	low	level	of	work	to	implement
SSIA = State Systemwide Investment Approach

Table 3-4.  Residual Risk Management for State Systemwide Investment Approach
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Consequently,	investments	in	residual	risk	management	must	continue,	both	during	
and	after	implementation	of	the	SSIA.	Policies	and	programs	related	to	residual	risk	
management	are	described	in	more	detail	in	Section	4.

3.12 Estimated Cost of State Systemwide  
 Investment Approach
Table	3-5	summarizes	the	preliminary	estimate	of	costs	for	the	SSIA,	assuming	all	
elements	are	ultimately	completed.	Estimates	include	costs	for	capital	improvements	
and	25	years	of	ongoing	annual	work	to	maintain	the	system.	Estimated	costs	are	

in	2011	dollars.	Actual	costs	will	vary	from	those	in	
Table	3-5	because	of	a	wide	range	of	factors,	includ-
ing	project	justification	by	feasibility	studies,	project	
configuration,	implementation	time,	future	economic	
and	contractor	bidding	conditions,	and	many	others.	

Specific	project	features	ultimately	implemented	for	
the	SSIA	will	depend	on	a	host	of	factors.	These	 
factors	include	detailed	project	feasibility	studies;	
designs	and	costs;	environmental	benefits	and	im-
pacts;	interaction	with	other	local	projects	and	 
system	improvements;	local,	federal,	and	State	
agency participation in project implementation; and 
changing	physical,	institutional,	and	economic	 
conditions.

The	table	also	includes	SPFC	flood	management	in-
vestments that have already been expended or com-
mitted	during	the	2007	to	2011	period.	Since	passage	
of	the	2007	flood	legislation	directing	preparation	of	
the	CVFPP,	the	State	has	made	substantial	progress	
in	reducing	flood	risks	within	the	Central	Valley	by	
investing	bond	funds	from	Propositions	84	and	1E.	
These	efforts	encompass	urban	levee	improvements,	
emergency	repair	projects,	physical	and	operational	
changes	to	flood	management	reservoirs,	emergency	
response	planning,	and	improvements	to	operations	
and	maintenance,	emergency	response,	and	flood-
plain	management.	These	accomplishments	over	
the	past	five	years	represent	significant	progress	in	
achieving	the	CVFPP	Goals.

The	estimated	amounts	in	Table	3-5	are	total	 
combined	investments	for	State,	federal,	and	 
local	agencies.	Section	4	provides	further	detail	on	
cost-sharing	proportions,	and	expenditures	prior	to	
adoption	of	the	CVFPP.	Consistent	with	traditional	
cost-sharing	for	flood	management	projects,	DWR	

STATE INVESTMENTS IN STATE PLAN OF  
FLOOD CONTROL FLOOD MANAGEMENT, 2007 – 2011

Flood Emergency Response
•	 Emergency exercises

•	 New water gaging

•	 Forecast-Coordinated Operations for Yuba/Feather

•	 Rock stockpiles in the Delta

Operations and Maintenance
•	 Over 220 levee sites repaired

•	 Sediment removal from bypasses

•	 Rehabilitation of 7 flood structures

Floodplain Management
•	 Building code revision prepared

•	 300,000 flood risk notifications annually, since 2009

•	 Mapping of Central Valley Levee Flood Protection Zones

Capital Improvements
•	 15 ongoing or completed projects 

Assessments and Engineering
•	 9,000 square miles of topographic data

•	 Urban and nonurban levee evaluations

•	 State Plan of Flood Control Descriptive Document

•	 Flood Control System Status Report 

•	 CVFPP development

•	 Coordination with USACE on many ongoing evaluations

Ecosystem 
•	 See Section 4 for ecosystem accomplishments
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estimates	that	the	State’s	share	of	costs	included	in	Table	3-5	will	be	$6,400	 
million	to	$7,700	million,	including	already	expended	or	committed	investments,	if	
all	elements	of	the	SSIA	are	ultimately	constructed.	Section	4	also	shows	cost	 
estimates	over	a	more	certain	time	period	of	10	years	that	will	allow	near-term	 
projects	to	be	constructed	as	longer	term	projects	are	under	additional	evaluation.

3.13 Performance of State Systemwide 
 Investment Approach
Based	on	the	evaluations,	the	SSIA	could	effectively	improve	management	of	flood	
risk	for	urban,	small	community,	and	rural-agricultural	areas	given	differing	popu-
lation,	assets	at	risk,	and	other	State	interests.	The	SSIA	reflects	a	cost-justifiable	
approach	to	effectively	meet	the	legislation	requirements	and	the	CVFPP	Goals,	and	
provides	a	road-map	for	more	detailed	studies	and	designs	leading	to	site-specific	
capital	improvements.

The	following	sections	summarize	the	additional	performance	benefits	that	could	be	
achieved	through	implementing	the	SSIA.	The	following	sections	compare	the	per-
formance	of	the	SSIA	to	current	conditions	for	several	key	parameters:	changes	in	
flood	stage,	sustainability,	contributions	to	the	CVFPP	Goals,	and	relative	efficiency.	
For	analysis	purposes,	the	current	or	No	Project	condition	represents	conditions	con-
sistent	with	the	Notice	of	Preparation	for	the	PEIR.	It	is	also	important	to	note	that	
Early	Implementation	Projects	and	other	FloodSAFE	initiatives	implemented	since	
bond	funding	became	available	in	2007,	which	are	considered	part	of	the	SSIA,	have	
already	provided	benefits.

3.13.1 Stage Changes
Figures	3-4	and	3-5	illustrate	performance	of	the	SSIA	with	 
respect	to	systemwide	peak	floodwater	surface	elevations	
(stages)	compared	to	current	conditions.	In	most	areas	along	
the	rivers	in	the	Sacramento	River	Basin,	stages	are	lower	than	
current	conditions	because	of	the	proposed	bypass	expansions.	
Flood	stages	in	the	San	Joaquin	River	Basin	do	not	change	
much	with	respect	current	conditions	because	large	bypass	 
expansions	were	not	included,	except	near	the	Delta.	Flood	
stages	entering	the	Delta	may	be	higher	by	a	few	tenths	of	a	
foot.	If	stage	changes	result	in	significant	hydraulic	impacts,	
features	to	mitigate	the	impacts	may	be	used.

Sequencing	improvements	along	the	river	corridors	may	cause	temporary	water	
stage	impacts	and	or	hydraulic	impacts.	Sequencing	improvements	from	down-
stream	to	upstream	may	eliminate	these	temporary	impacts,	but	may	not	be	practical	
considering	the	wide	range	of	improvements	that	need	to	be	made.	

STATE SYSTEMWIDE INVESTMENT  
APPROACH STAGE PERFORMANCE

Although peak floodflows may increase 
locally (over current conditions) in certain 
reaches, expansion of conveyance  
capacity proposed by the SSIA would  
result in reduced peak flood stages 
throughout the system. 
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Location of Peak Flow and Water Surface Elevation Estimates for 100-Year Storm Event at selected monitoring locations in the Sacramento River Basin.
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Figure 3-4.  Changes in Peak Floodflows and Stages – No Project Versus State Systemwide Investment 
Approach for Various Storm Events – Sacramento River Basin

Key:     cfs = cubic feet per second  ft = feet  SSIA = State Systemwide Investment Approach
Location of peak flow and water surface elevation estimates for various frequency events at selected monitoring locations in the Sacramento River Basin.
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Location of Peak Flow and Water Surface Elevation Estimates for 100-Year Storm Event at selected monitoring locations in the San Joaquin River Basin.
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Figure 3-5.  Changes in Peak Floodflows and Stages – No Project Versus State Systemwide Investment 
Approach for Various Storm Events – San Joaquin River Basin

Key:     cfs = cubic feet per second  ft = feet  SSIA = State Systemwide Investment Approach
Location of peak flow and water surface elevation estimates for various frequency events at selected monitoring locations in the Sacramento River Basin.
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3.13.2 Sustainability
Table	3-6	summarizes	the	financial,	environmental,	and	social	sustainability	aspects	
of	the	SSIA	compared	with	current	conditions.

NO PROJECT STATE SYSTEMWIDE INVESTMENT APPROACH

Overall 
Sustainability

Low Medium

Financial Very high ongoing and 
long-term annual costs Very high upfront and lower long-term annual costs.

Environmental

Limited opportunities to 
improve habitat connectivity, 
quality,	quantity,	and 
biodiversity

Enhanced opportunities to improve habitat connectivity,  
quality,	quantity,	and	biodiversity.

Social 

Varied level of protection 
throughout the system
Significant potential for 
public safety and economic 
consequences	of	flooding

Seeks	flood	protection	comparable	with	assets	being	protect-
ed.	Limits	cumulative	growth	of	flood	risks	to	State’s	people	
and infrastructure due to system improvements. Reduces reli-
ance on compensatory mitigation for project implementation 
and regular operations and maintenance due to implementation 
of systemwide conservation strategy. Rebalances institutional 
arrangement for operations and maintenance responsibilities.

Climate Change 
Adaptability

Low system resiliency (ability 
to adapt)

Conveyance improves flood system resiliency by lowering 
stages, which improves ability to adapt to climate change.

Key:
State = State of California

Table 3-6.  Summary of State Systemwide Investment Approach Sustainability Compared with No Project

3.13.3 Central Valley Flood Protection Plan Goals
Table	3-7	summarizes	contributions	of	the	SSIA	to	the	five	CVFPP	Goals,	 
compared	with	No	Project.

3.13.4 Relative Efficiency
DWR	prepared	a	qualitative	comparison	to	show	broad	differences	in	potential	
performance	of	the	preliminary	approaches	and	the	SSIA.	Figure	3-6	shows	these	
qualitative	comparisons	of	performance	for	the	SSIA	with	the	three	preliminary	
approaches.	These	comparisons	are	the	same	as	shown	in	Figure	2-6,	but	with	the	
addition	of	the	SSIA.

Another	view	of	the	relative	performance	of	the	three	preliminary	approaches	and	
SSIA	is	shown	in	Figure	3-7.	The	figure	shows	preliminary	cost	estimates	and	es-
timated	performance	in	terms	of	the	relative	contributions	of	each	approach	to	the	
primary	and	supporting	goals	of	the	CVFPP.
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GOAL OR METRIC NO PROJECT STATE SYSTEMWIDE INVESTMENT APPROACH

Contributions to Primary Goal – Improve Flood Risk Management

– Level of Flood 
Protection

Varies throughout system
•	 Most	urban	areas	do	not	have 

200-year level of flood protection
•	 Protection	to	rural-agricultural	areas	

and small communities varies widely

Overall higher protection consistent with 
assets being protected
•	 Urban	areas	achieve	protection	from	a	200-year	

flood, and for small communities achieve 
protection from a 100-year flood

•	 Overall	increased	levels	of	flood	protection	 	
throughout the system reflecting improved 
capacity	to	manage	flood	peaks	

– Life Safety 
(focused on 
populations at 
risk)

Varies throughout system
•	 Public	safety	threat	is	high	for	many	

communities, particularly those in 
deep floodplains

Improvement varies
•	 Substantial	improvement	in	urban	areas	
•	 Improvement	in	small	communities	varies	

– Economic 
Damages

$329 million in expected annual 
amages
•	 Economic	damages,	particularly	in	

urban areas, are very high

Reduction of 67 percent in expected annual 
damages
•	 Substantial	reduction	in	damages	in	urban 

areas, small communities, and rural areas 

Contributions to Supporting Goals

Improve Operations 
and Maintenance

Very high current costs
•	 Ongoing	and	long-term	O&M	costs	

are very high relative to other 
approaches

Decrease in long-term O&M requirements
•	 Decrease	in	long-term	costs	due	to	O&M	

reforms (clarified roles and responsibilities, 
consistent standards, and revenue generation 
improvements) and physical modification to 
reduce geomorphic stressors 

Promote Ecosystem 
Functions

Limited opportunities for ecosystem 
benefit
•	 Native	habitat	may	be	integrated	

into SPFC repair projects, primarily 
through mitigation

Enhanced opportunities for systemwide 
ecosystem benefit
•	 Floodway	expansion	provides	substantial 

opportunity to improve ecosystem functions, 
fish	passage,	and	the	quantity,	quality,	and 
diversity of natural habitats

Improve 
Institutional 
Support

•	 Continued dispersion of 
responsibilities and roles for flood 
management in the Central Valley 
among many agencies with varying 
functions and priorities

•	 Improve flood management functions through 
changes and/or clarifications in current State 
policy directives, legislated authority and 
responsibilities, and partnerships with federal 
and local partners

Promote Multi- 
Benefit Projects

•	 Limited opportunities to integrate 
other benefits into repairs to SPFC 
facilities

•	 Enhanced opportunities to integrate water 
quality,	groundwater	recharge,	recreation,	
power, and other benefits

Ability to Meet Legislative Objectives (Completeness)

Ability to Meet 
Objectives in Flood 
Legislation

Does not meet
•	 Varied	level	of	protection	throughout	

the system and high potential for 
public safety and economic damages 

Addresses all objectives
•	 Contributes	to	all	objectives	with	proposed	

system and regional elements, and supporting 
implementation policies and programs

Key:
O&M = operations and maintenance
SPFC = State Plan of Flood Control
State = State of California

Table 3-7.  Summary of Contributions of State Systemwide Investment Approach to Central Valley Flood Protection Plan 
Goals Compared with No Project
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PERFORMANCE CATEGORY
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SYSTEM 
CAPACITY
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Reduction in Economic Damages

Regional Economics

Capital Costs
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Promote Ecosystem Functions

Promote Multi-Benefit Projects

Sustainable Land Uses
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Cost

Integration and Sustainability
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Figure 3-6.  Performance Comparison for All Approaches

Key: SPFC = State Plan of Flood Control
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Figure 3-7.  Relative Comparison of State Systemwide  
Investment Approach and Preliminary Approach Efficiency
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3.14 State Systemwide  
 Investment Approach Benefits
The	SSIA,	as	a	multi-benefit	and	integrated	flood	management	approach,	has	many	
direct	and	indirect	benefits	to	the	Central	Valley,	State,	and	nation.	This	section	sum-
marizes	the	benefits	of	the	SSIA.	

Benefits	assessed	include	reduced	economic	damages,	benefits	to	local	and	regional	
economies,	improved	public	health	and	safety,	ecosystem	restoration,	open	space	
and	recreation,	increased	flood	system	resiliency	and	climate	change	adaptability,	
water	management,	and	reduced	long-term	flood	system	management	costs.	Some	of	
these	benefits	are	presented	quantitatively	and	some	qualitatively,	because	some	of	
the	benefits	could	not	be	calculated	at	this	time.	These	benefits	will	be	further	refined	
and	documented	during	the	feasibility	study	process	scheduled	to	be	initiated	upon	
adoption	of	the	CVFPP	by	the	Board.	

3.14.1 Reduced Economic Flood Damages
The	USACE	Hydrologic	Engineering	Center	Flood	Damage	Analysis	(HEC-FDA)	
model	was	used	to	estimate	the	flood	risk	reduction	benefits	of	the	SSIA.	Expected	
annual	flood	damages	were	computed	over	the	array	of	potential	floods,	from	small	
to	extremely	large,	compared	with	the	no	project	condition.	The	flood	damage	esti-
mates	consider	the	following:

•	 Residential,	commercial,	industrial,	and	governmental	structure	and	 
contents damage

•	 Agricultural/crop	losses
•	 Business	production	losses

Results	of	the	modeling	indicate	an	overall	reduction	in	total	expected	annual	dam-
ages	of	about	67	percent,	with	specific	reductions	in	damages	and	losses	as	follows:

•	 Structure	and	contents	flood	damages	would	be	reduced	by	72	percent
•	 Crop	damages	due	to	flooding	would	be	reduced	by	6	percent
•	 Business	production	losses	would	be	reduced	by	72	percent

3.14.2 Benefits to Local and Regional Economies
Reduction	in	flood	damages	is	only	one	aspect	of	the	potential	economic	benefits	of	
the	SSIA.	As	illustrated	in	Figure	3-8,	flood	risk	reduction	improvements	can	also	
provide	both	direct	and	indirect	benefits	to	local,	regional,	and	State	economies.

Implementation	of	the	SSIA	would	contribute	to	local	and	regional	economic	activi-
ties,	as	described	below:	

•	 Increased benefits to regional economies	–	Implementing	the	SSIA	would	
directly	and	indirectly	benefit	local	and	regional	economies	and	support	
continued	economic	development	in	the	valley.	Implementation	of	the	plan	
would	reduce	the	potential	for	lost	agricultural,	commercial,	and	industrial	
production/income,	and	secondary	“ripple”	effects,	as	a	result	of	a	flood.	
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Construction	activities	related	to	SSIA	implementation	could	be	expected	to	
boost	economic	output	over	the	coming	decades	by	as	much	as	$900	million,	
and	avoided	business	losses	due	to	flooding	could	increase	long-term	eco-
nomic	output	by	over	$100	million.	The	potential	for	flood-induced	industry	
relocation	or	failure	to	recover	to	preflood	levels	would	also	be	reduced.	In	
addition,	construction	projects	resulting	from	implementation	of	the	SSIA	
would	be	expected	to	boost	regional	short-term	employment	and	employ-
ment	incomes,	and	increase	regional	economic	output.	Construction	activi-
ties	in	support	of	SSIA	implementation	could	be	expected	to	generate	as	
many	as	6,500	jobs	annually	over	the	coming	decades,	while	reduced	busi-
ness	losses	from	flooding	could	be	expected	to	boost	long-term	employment.	
These	employment	economic	benefits	would	also	enhance	the	revenues	of	
local	governments	through	increased	income	and	sales	taxes.	

•	 Enhanced agricultural sustainability	–	Central	Valley	agriculture	is	a	
critical	sector	of	the	State	economy	that	provides	and	supports	reliable,	af-
fordable	food	and	fiber	production,	both	domestically	and	on	a	global	scale.	
Agricultural	and	associated	processing	industries	and	services	also	account	
for	a	considerable	portion	of	local	employment.	Flood	management	improve-
ments	would	reduce	direct	crop	damages.	Improved	flood	protection	would	
result	in	an	increased	ability	to	obtain	favorable	crop	insurance	coverage	
and	rates.	Similarly,	improved	protection	would	also	increase	the	ability	to	
obtain	agricultural	loans	with	favorable	terms.	As	a	result,	flood	management	
improvement	has	the	potential	to	contribute	to	improved	agricultural	sustain-
ability.	Over	90	percent	of	the	citizens	in	rural-agricultural	areas	and	small	
communities	within	the	SPFC	Planning	Area	could	receive	additional	flood	
protection	by	levee	improvement	measures,	flood	proofing,	and	relocation	
opportunities	presented	in	the	SSIA.

Figure 3-8.  Components of Economic Analysis

Regional Economic 
Output and 

Employment

Regional
Economic

Impact

Structure 
& Content 
Damages

Crop 
Damages

Life Risk

Direct Benefits Indirect/Induced
Benefits

SSIA 
Construction 
Expenditures

Business 
Losses

Flood Damage
Analysis

(HEC-FDA)

Key: HEC-FDA = U.S. Army Corps of Engineers Hydrologic Engineering Centers Flood Damage Analysis
        SSIA = State Systemwide Investment Approach
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•	 Reduced disruption of public services	–	In	addition	to	reducing	physical	
damages	to	structures	and	infrastructure,	flood	management	improvements	
would	reduce	potential	disruption	of	critical	public	services	needed	to	main-
tain	the	health,	safety,	and	welfare	of	the	population.	These	critical	functions	
include	emergency	services,	transportation,	health	care,	education,	and	public	
utilities	(water	and	wastewater,	electricity,	natural	gas,	and	communications).	
Interruption	of	these	services	and	functions	would	greatly	affect	socioeco-
nomic	conditions	in	the	region	and	its	economic	and	industrial	diversity.	The	
CVFPP	has	not	quantitatively	assessed	the	loss	of	critical	public	services,	but	
has	estimated	the	number	of	critical	facilities	exposed	to	flood	hazards.

3.14.3 Improved Public Health and Safety
A	primary	objective	of	the	SSIA	is	to	protect	the	citizens	living	and	working	in	the	
floodplains	of	the	Central	Valley.	

•	 Reduced potential for injuries and loss of life	–	When	fully	implemented,	
the	SSIA	would	significantly	reduce	the	potential	for	flooding	in	urban	areas	
and	other	population	centers,	thereby	reducing	the	direct	threats	posed	by	
flooding	to	public	safety,	including	the	potential	for	injury	or	loss	of	life.	
Implementation	of	the	SSIA	would	result	in	an	increase	in	the	population	
receiving	at	least	a	100-year	(1%	annual	chance)	level	of	flood	protection	
from	the	current	21	percent	to	over	90	percent.	Additional	reductions	in	the	
potential	for	loss	of	life	would	be	achieved	as	a	result	of	nonstructural	flood	
mitigation,	such	as	improved	flood	emergency	response,	operations	and	
maintenance,	and	floodplain	management	measures.

HEC-FDA	was	used	to	estimate	life	risk	indicators	and	inform	the	decision-
making	process.	However,	these	values	are	NOT	forecasts	of	deaths	expected	
to	occur	from	flood	events,	to	be	used	for	emergency	planning	or	other	 
purposes.	Instead,	these	values	are	informative	indices	of	life	risk,	provid-
ing	a	metric	for	assessing	the	reduction	in	life	risk	attributable	to	the	SSIA.	
Based	on	the	analysis,	the	SSIA	was	shown	to	reduce	life	risk	by	about	49	
percent	compared	with	current	conditions.	

The	economic	and	life	safety	benefits	for	the	SSIA	described	above	do	not	
include	benefits	attributable	to	projects	that	were	recently	completed	or	are	
currently	under	construction.	Therefore,	the	overall	benefits	of	the	SSIA	 
described	herein	are	considerably	underestimated.	

• Reduced release of hazardous materials during floods	–	Floods	can	cause	
a	release	of	hazardous	materials	resulting	in	increased	threats	to	public	health	
and	safety.	Hazardous	materials	and	contaminants	may	exist	in	floodplains,	
including	feed	lots,	fuel	tanks,	septic	systems,	water	and	wastewater	treat-
ment	facilities,	landfills,	illegal	dumping,	and	other	sources.	Improved	flood	
management	under	the	SSIA	would	contribute	to	reducing	public	exposure	to	
hazardous	materials	released	during	floods	and	improve	water	quality.
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3.14.4 Ecosystem Restoration Benefits
Environmental	restoration	is	fully	integrated	with	the	flood	risk	reduction	compo-
nents	of	the	SSIA.	Major	restoration	benefits	of	the	SSIA	include	the	following:

•	 Floodways	would	be	expanded	and	extended	to	improve	the	flow	carrying	
capacity	of	the	channels,	and	the	lands	acquired	for	the	expansion	would	be	
used	for	habitat	restoration	and	environmentally-friendly	agricultural	activi-
ties.	Over	10,000	acres	of	new	habitats	would	be	created	within	the	flood	
management	system.	In	addition,	over	25,000	acres	of	land	would	be	leased	
for	growing	grains,	corn,	and	other	habitat-compatible	crops.	Flood	man-
agement	system	improvements	would	provide	opportunities	for	improving	
ecosystem	function	and	increasing	habitat	extent,	quantity,	quality,	and	con-
nectivity	from	the	Delta	to	the	upper	Sacramento	River.	Expanded	floodways	
would	create	space	for	river	meandering,	sediment	erosion	and	deposition,	
natural	ecosystem	disturbance	processes,	and	a	healthy	diversity	of	riverine	
habitat.

•	 The	SSIA	would	improve	fish	passage	at	flood	diversions,	flashboard	dams,	
and	flood	management	structures.	This	includes	connecting	fishery	habitat	
from	Delta	to	Yolo	and	Sutter	bypasses	and	to	the	Butte	Basin.	These	actions	
would	assist	in	increasing	and	improving	habitat	connectivity	and	promoting	
the	recovery	of	anadromous	fish	populations.	

•	 Changes	in	flood	control	facility	operations,	including	directing	flows	more	
frequently	and	for	longer	durations	over	weirs	and	into	bypasses,	levee	set-
backs,	and	other	similar	measures	planned	under	the	SSIA,	would	enhance	
riverine	processes	and	improve	the	overall	health	of	the	ecosystem.

Overall,	these	restoration	activities	would	contribute	to	improving	habitat	connec-
tivity	along	the	flood	management	system,	would	provide	for	migration	of	fish	to	
spawning	areas	in	the	watershed,	and	would	enhance	riverine	processes.

3.14.5 Open Space and Recreational Opportunities
The	State’s	interest	in	public	health	and	sustainable	economic	growth	are	well	 
supported	by	the	quality	of	life	benefits	of	nature-based	recreation	and	the	economic	
vitality	provided	by	environmental	tourism	revenues.	The	potential	for	recreational	
use	of	the	flood	control	system	has	long	been	recognized.	In	1929,	when	the	flood	
control	system	was	under	construction,	noted	landscape	architect	Frederick	Law	
Olmstead	Jr.	recommended	that	a	system	of	recreation	lands	be	preserved	within	the	
leveed	floodplains	along	the	lower	Sacramento	River	and	other	waterways.	

The	SSIA	includes	floodplain	reconnection	and	floodway	expansion,	which	would	
improve	ecosystem	functions,	fish	passage,	and	the	quantity,	quality,	and	diversity	
of	natural	habitats,	all	of	which	contribute	to	increasing	opportunities	for	recreation	
and	ecotourism,	as	well	as	augmenting	the	aesthetic	values	of	those	areas.	Expansion	
of	habitat	areas	provides	fishing,	hunting,	and	wildlife	viewing	opportunities.	Recre-
ation-related	spending	associated	with	increased	use	by	visitors	can	be	an	important	
contributor	to	local	and	regional	economies.
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3.14.6 Increasing Flood System Resiliency and  
 Climate Change Adaptability
Climate	change	is	expected	to	result	in	more	precipitation	in	the	form	of	rainfall,	
more	frequent	flooding,	and	higher	peak	flows.	Expansion	and	extension	of	the	 
bypass	system	under	the	SSIA	would	reduce	peak	flood	stages	throughout	the	 
system,	increasing	the	flood	carrying	capacity	of	channels	and,	hence,	add	flexibility	
to	manage	extreme	flood	events	and	future	climate	change	effects.	

3.14.7 Water Management Benefits
The	SSIA,	as	an	integrated	flood	and	water	management	program,	would	provide	op-
portunities	for	improved	water	management	in	many	ways.	While	estimates	of	water	
management	benefits	will	be	quantified	for	the	2017	CVFPP,	DWR	expects	that	the	
average	annual	water	management	benefits	of	the	SSIA	may	approach	a	few	hundred	
thousand	acre-feet	compared	to	No	Project.	SSIA	elements	that	could	contribute	to	
improved	water	management	include	reservoir	operations	and	increases	in	channel	
groundwater	recharge	due	to	expansion	and	extension	of	the	bypass	system.

•	 Reservoir operation	–	The	F-CO	program	(see	Section	3.5.8)	is	designed	to	
modify	operation	of	reservoirs	in	a	way	that	will	improve	flood	management	
and	also	provide	opportunities	for	more	aggressive	refilling	of	reservoirs	 
during	dry	years.	Such	operations	could	increase	water	supplies	within	reser-
voirs,	especially	in	dry	years	when	the	water	supply	system	is	most	stressed.	
Water	supply	benefits	from	F-BO	would	vary	depending	on	current	reservoir	
operation	manual	requirements,	watershed	hydrology,	flexibility	in	reservoir	
operation	(i.e.,	adequate	release	capacity),	quality	of	reservoir	inflow	fore-
casts,	etc.	Therefore,	a	case-by-case	study	of	flood	management	reservoirs	
will	be	needed	to	adequately	define	and	quantify	the	potential	benefits	of	
reservoir	F-BO.

•	 Groundwater recharge	–	Groundwater	aquifers	are	naturally	recharged	
through	various	processes,	including	percolation	of	precipitation	and	infil-
tration	of	water	from	lakes,	canals,	irrigation	and	in-channel	groundwater	
recharge.	Implementation	of	the	SSIA	includes	expansion	and	extension	of	
the	bypass	system	and	levee	setbacks.	These	actions	would	expand	flood	 
system	lands	by	an	additional	35,000	to	40,000	acres,	which	would	be	 
flooded	during	high	water	and	contribute	to	in-channel	and	floodplain	
groundwater	recharge.

3.14.8 Reduced Long-Term Flood System  
 Management Costs
Although	not	quantified	for	the	2012	CVFPP,	the	SSIA	was	developed	to	reduce	the	
overall,	long-term	costs	associated	with	flood	management	in	the	Central	Valley.	
This	includes	the	following:

•	 Reduced	long-term	emergency	response	and	recovery	needs
•	 Reduced	long-term	operations	and	maintenance	costs
•	 Efficiency	through	regional	approaches	to	permitting	and	regulatory	needs
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3.15 Land Use
SPFC	improvements	under	the	SSIA	provide	for	higher	levels	of	flood	protection	for	
existing	land	uses	without	taking	actions	that	may	encourage	changes	to	those	uses.	
Elements	of	the	SSIA	have	been	carefully	formulated	to	reduce	flood	risk	in	the	area	
protected	by	SPFC	facilities	while	avoiding	land	use	changes	that	promote	growth	in	
deep	floodplains	and	increase	State	flood	hazard	liabilities.	Improved	flood	protec-
tion	with	the	SSIA	enhances	the	likelihood	that	activities	associated	with	each	exist-
ing	land	use	will	continue	to	thrive.

Following	is	a	summary	of	land	use	conditions	under	the	SSIA:
•	 Urban Land Use	–	Urban	and	urbanizing	areas	within	the	SPFC	Planning	
Area	would	achieve	a	minimum	of	200-year	(0.5%	annual	chance)	flood	pro-
tection,	as	specified	by	legislation.	Legislation	requires	each	city	and	county	
within	the	Sacramento-San	Joaquin	Valley	to	amend	its	general	plan	to	in-
clude	data,	analysis,	goals,	and	policies	for	protection	of	lives	and	property,	
and	related	feasible	implementation	measures.	DWR	
will	make	data,	analysis,	and	information	gathered	for	
the	CVFPP	available	to	local	agencies	for	inclusion	in	
their	amended	general	plans.	In	addition,	these	local	
entities	are	required	to	amend	their	zoning	ordinances	to	
be	consistent	with	their	general	plans.	As	a	result,	urban	
development	would	continue	based	on	sound	planning;	
however,	the	SSIA	does	not	promote	urban	development	
in	floodplains	beyond	existing	urban/urbanizing	areas.

•	 Small Community Land Use	–	The	SSIA	supports	the	
continued	viability	of	small	communities	within	the	
SPFC	Planning	Area	to	preserve	cultural	and	historical	
continuity	and	important	social,	economic,	and	public	
services	to	rural-agricultural	populations,	agricultural	
enterprises,	and	commercial	operations.	Under	the	
SSIA,	several	small	communities	within	the	SPFC	 
Planning	Area	would	achieve	100-year	(1%	annual	
chance)	flood	protection	through	structural	means	such	
as	ring	levees,	where	feasible.	This	would	preserve	
small	community	development	opportunities	within	
specific	boundaries	without	encouraging	broader	urban	
development.	For	other	small	communities	where	struc-
tural	improvements	are	not	feasible,	the	SSIA	proposes	
nonstructural	means	such	as	flood	proofing	and	elevat-
ing	structures	to	support	continued	small	communities	
land	use,	providing	feasible	flood	protection	in	a	way	
that	is	not	growth-inducing.

•	 Rural-Agricultural Area Land Use – The SSIA  
includes	improvements	for	rural-agricultural	flood	
protection,	but	excludes	participation	in	flood	projects	to	
achieve	100-year	(1%	annual	chance)	flood	protection	

EFFECTS OF STATE SYSTEMWIDE  
INVESTMENT APPROACH  
IMPLEMENTATION ON LAND USE 

Preliminary analyses indicate that with 
implementation of the SSIA it is expected 
that:

•	 100 percent of urban areas protected by 
SPFC facilities attain 200-year level of flood 
protection

•	 About 20 of the small communities in the 
SPFC Planning Area (from a total of 27) 
will attain 100-year level of flood protec-
tion.  The rest of the small communities are 
expected to get flood protection through 
nonstructural means, including raising, 
flood proofing, and relocation of structures

•	 About 90 percent of residents in small com-
munities within the SPFC Planning Area will 
receive at least 100-year flood protection

•	 In rural areas, the level of flood protection 
will increase slightly; in the Sacramento 
River Basin, rural areas receiving a 25-
year or higher level of protection would 
increase by about 6 percent, while the San 
Joaquin  River Basin will increase slightly

•	 About 10,000 acres of agricultural lands 
would be converted to environmental 
habitat restoration within the expansion of 
the bypass systems 
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that	would	be	growth-inducing	and,	thus,	increase	potential	flood	risks.	The	
SSIA	includes	many	elements	to	preserve	rural-agricultural	viability,	such	
as	purchase	of	conservation	easements	to	preserve	agriculture	and	prevent	
urban	development,	when	consistent	with	local	land	use	planning	and	in	
cooperation	with	willing	landowners.	Because	expansion	of	floodways	would	
be	primarily	in	rural-agricultural	areas,	some	loss	of	agricultural	land	would	
occur.	However,	based	on	preliminary	planning,	75	percent	of	additional	land	
needed	for	bypass	expansion	would	continue	to	be	farmed.	The	remaining	25	
percent	that	would	be	subject	to	more	frequent	flooding	would	be	converted	
to	ecosystem	uses.
The	State	will	work	with	FEMA’s	National	Flood	Insurance	Program	to	 
promote	the	continued	sustainable	rural-agricultural	economy	and	to	 
examine	opportunities	to	provide	affordable	flood	insurance	for	low	risk	
agricultural	and	farming	structures	in	the	floodplain.

•	 Ecosystem/Open Space Land Use	–	Opportunities	for	ecosystem	and	open	
space	land	use	would	increase	within	the	footprint	of	the	flood	management	
system	facilities,	especially	through	expansion	of	bypasses	and	select	areas	
where	setback	levees	for	multiple	benefits	prove	feasible.	This	net	increase	in	
habitat	area	should	contribute	to	flood	risk	reduction	and	ecosystem	restora-
tion	and	enhancement,	while	providing	for	open	space	and	recreational	 
opportunities	in	rural	areas.	
Setback	levees	along	some	reaches	of	the	main	rivers	may	increase	habitat	
area.	These	setbacks	are	likely	to	be	most	feasible	in	reaches	where	there	are	
known	levee	conditions	that	would	be	difficult	to	correct	with	fix-in-place	
methods,	operations	and	maintenance	problems	exist,	channel	hydraulic	
performance	would	be	significantly	improved,	regional	flood	risk	reduction	
benefits	would	be	realized,	and/or	there	is	an	opportunity	for	uniquely	 
valuable	ecosystem	restoration.

LIMITING GROWTH IN  
CENTRAL VALLEY FLOODPLAINS

SSIA improvements are designed to dis-
courage growth in rural floodplains with 
the intention of reducing flood risks. The 
State does not promote flood management 
improvements that would induce growth in 
rural areas.
Urban flood risk reductions under the SSIA 
will be limited to areas protected by facili-
ties of the State Plan of Flood Control. 
Agricultural conservation measures 
proposed by the SSIA are also designed 
to limit conversion of agricultural land to 
urban uses, and to preserve the robust 
agricultural economy of the Central Valley.

Feather River Setback Levee was Constructed for Multiple Benefits  
Including Improved Flow Conditions
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Section 3 outlined the integrated set of on-the-ground projects that comprise 
the State Systemwide Investment Approach (SSIA).  Section 4 describes how 
DWR will  implement the SSIA, including the development of feasibil ity  
studies, funding strategies, and implementation challenges.

The SSIA is a broad plan for flood system improvements and additional work is 
needed to refine its individual elements. Some elements have already been imple-
mented (since 2007), others will be accomplished before the first update of the 
CVFPP in 2017, and many will require additional time to fully develop and imple-
ment. Ongoing planning studies, engineering, feasibility studies, designs, funding, 
and partnering are required to better define, and incrementally fund and implement, 
these elements over the next 20 to 25 years.

In general, DWR will continue to prioritize its implementation efforts on the most 
significant flood risks. However, some critical elements could take longer to imple-
ment because of complexity, local and federal interest, and funding that will be made 
available incrementally over the next few decades. While implementation must  
occur incrementally, the accumulated outcome will be a sustainable flood  
management system. 

This section describes DWR programs and strategy for implementing and manag-
ing the SSIA over time, planning level cost estimates, and funding strategies and 
partnership among federal, State, and local agencies needed to implement the SSIA. 
Each of the programs below will have an implementation plan with details of  
program activities and priorities.

4.1 Flood Management Programs
SSIA implementation requires a wide range of actions for developing, constructing, 
and managing improvements to the SPFC. This work will be organized into several 
programs, established and led by DWR and implemented in coordination with local, 
State, and federal partnering agencies. These programs are governed by DWR’s  
existing FloodSAFE organization. Each program is responsible for specialized 
implementation of different portions of the SSIA; together, they cover all work  
required for implementation and management.

DWR’s major flood management programs are as follows:
• Flood Emergency Response Program
• Flood System Operations and Maintenance Program

4.0 IMPLEMENTING AND MANAGING  
 THE STATE SYSTEMWIDE  
 INVESTMENT APPROACH
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• Floodplain Risk Management Program
• Flood System Assessment, Engineering, Feasibility, and Permitting Program
• Flood Risk Reduction Projects Program

The first three programs are responsible for residual risk management. The fourth 
program is responsible for conducting the feasibility evaluations and design, engi-
neering, and other activities necessary for implementation. The last program is  
responsible for working with partnering agencies to implement on-the-ground  
projects that make up the SSIA.

The following sections describe these programs and related key policies.

4.1.1  Flood Emergency Response Program
The responsibility of the Flood Emergency Response Program 
is to prepare for floods, effectively respond to flood events, 
and quickly recover when flooding occurs. The SSIA supports 
enhanced emergency response, particularly for rural-agricultural 
areas where physical improvements are not anticipated to be as 
extensive as in more populated areas. Program enhancements 
include providing flood hazard information, real-time flood data, 
more frequent and timely flood forecasts, and state-of-the-art 
flood emergency information dissemination. In addition, the 
SSIA includes a State cost-shared program for improving levee 
crowns to provide all-weather access roads that allow agen-
cies to quickly respond to flood emergencies. This is a one-time 
State-local cost-shared program. The program also provides 
real-time flood information to assist local agencies in decid-
ing whether and how to conduct flood emergency response and 
evacuation actions for the public.

Reservoir flood operations during major flood events play a role in reducing down-
stream flood peaks. Coordinated operation of reservoirs to help manage the timing 
of their individual flood peaks, thereby minimizing cumulative downstream flood 
peaks, is a major element of the process.

Similarly, coordinated flood operations among local maintaining agencies, cities and 
counties, the California Emergency Management Agency, the State-Federal Flood 
Operation Center, and USACE are critically important in managing and fighting 
floods, and saving lives and properties.

The Flood Emergency Response Program will make flood management system 
information easily accessible to entities involved in flood management. Through the 
California Data Exchange Center, the State intends to provide access to collected 
flood management and related maps, data, and materials (including as-builts, opera-
tions and maintenance manuals, levee logs, permits, channel capacities, easements, 
real-time flood data and forecasts, and flood models). In addition, through the State-
Federal Flood Operations Center, DWR will continue to provide floodfight assis-

ENVIRONMENTAL JUSTICE 

California’s low socio-economic status 
residents are often the most vulnerable 
to the impacts of natural disasters due to 
the location and quality of housing, lack of 
resources to relocate, barriers to trans-
portation, or other factors. Consequently, 
reducing the risk of flooding, and improving 
flood emergency response are both very 
relevant to low socio-economic status 
populations.  
It will be important and necessary for local 
and regional agencies to incorporate en-
vironmental justice principals into regional 
flood management plans and flood emer-
gency response and recovery activities.
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tance in the field in the form of technical  
assistance, flood emergency response teams, and 
materials when the local resources are exhausted.

DWR supports establishing a program to  
assist local agencies in preparing flood emergency 
response plans and developing appropriate re-
gional communications tools and processes for 
emergency response operations. An important 
consideration in flood emergency preparation is 
the availability of strategically-located resources 
for floodfight activities. Local maintaining agen-
cies, as the first responders, have the responsibil-
ity for stockpiling floodfight materials for timely 
response to flood threats before other floodfight 
assistance becomes available. In addition, without 
impacting necessary action to protect public safety 
during an emergency, response planning should 
consider opportunities to avoid and minimize  
ecosystem impacts.

4.1.2 Flood System  
 Operations and Maintenance Program
The Flood System Operations and Maintenance Program includes work to keep  
specific flood management facilities (as defined in the California Water Code) 
in good, serviceable condition so that facilities continue to function as designed. 
Program activities include channel maintenance (hydraulic assessments, sediment 
removal, channel clearing, and vegetation management); erosion and levee repairs; 
levee inspection, evaluation, and maintenance; and repair and replacement of  
hydraulic structures.

Currently, operations and maintenance responsibilities within the flood manage-
ment system are fragmented and often confusing. Funding has been insufficient to 
keep pace with the rising cost of routine maintenance. Implementation of the SSIA 
requires efficient and sustainable long-term operations and maintenance practices 
through the following:

• Reforming roles and responsibilities
• Formalizing criteria by which maintenance practices, procedures, and  

inspections are performed and reported
• Implementing strategies to adequately and reliably fund routine activities 

and streamline permitting 

Some of the proposed activities will likely involve legislative action, new institu-
tional arrangements involving local maintaining agencies, modifications to existing 
State programs, and additional revenue generation.

To quickly respond to flood emergencies, the State proposes 
to provide all-weather access roads on levee crowns
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The SSIA includes enhancements to the current operations and maintenance of the 
flood management system, as described in the following sections.

Consolidation of State’s Role and Responsibility

The State supports consolidation of operations and maintenance responsibilities, 
where appropriate, for the purpose of improving efficiency and maintaining critical 
flood system functions.

• The State will work with local maintaining agencies to examine opportuni-
ties and local agency support for legislative action that would allow DWR 
to assume full operations and maintenance responsibility for the Sacramento 
River bypass system (Sutter and Yolo bypasses, in combination with their 
appurtenant control features – the Moulton, Colusa, Tisdale, Fremont, and 
Sacramento weirs/bypasses, and proposed new bypasses, when constructed) 
to support proper function during flooding conditions. DWR will require 
State funding augmentation before accepting this additional responsibility. 
The bypass system is a central element of the Sacramento River Flood  
Control Project, conveying the majority of floodflows. The State currently 
has responsibility for maintaining a portion of these facilities under the  
California Water Code.

• The State supports working with local maintaining agencies and, with their 
support, developing a coordinated partnership program to conduct regular 
erosion repairs on the waterside of the Sacramento River and the San Joa-
quin River levee systems to promote efficient and timely repairs. The State 
already has significant responsibility for maintaining certain channels and 
a portion of certain levees under the California Water Code. Local agencies 
would be expected to contribute a cost-share component, fee, or equivalent, 
in exchange for the State’s service recognizing that because of different 
statutory responsibilities for the Sacramento and San Joaquin systems, the 
cost-share would likely be different.

Standardization of Operations and Maintenance Practices

The State supports implementing more comprehensive and enhanced operations and 
maintenance standards for SPFC facilities. This would include formalizing criteria 
and guidance for operations and maintenance practices and procedures, such as best 
management practices to facilitate efficient maintenance and environmental compli-
ance. The guidance would provide a common basis for State inspection and report-
ing activities, which serve as the basis for evaluating State funding and assistance 
eligibility. 

The State will take the lead role in training local agencies to implement enhanced 
operations and maintenance standards and guidelines. Furthermore, the State has 
a continued interest in enforcing maintenance area formation per California Water 
Code Section 12878, where appropriate, in rare cases when local agencies consis-
tently fail to meet routine maintenance expectations.
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Consolidation of Roles and Responsibilities of Local Agencies

The State has an interest in encouraging local agencies, especially in rural- 
agricultural areas, to form regional maintenance authorities to enhance their ability 
to collectively perform their operations and maintenance responsibilities. The State 
prefers voluntary formation of joint power authorities, similar to those established in 
urban areas, with possible State-sponsored incentives.

FLOOD SYSTEM OPERATIONS AND MAINTENANCE AND ENVIRONMENTAL STEWARDSHIP 

Over the years, the Flood System Operations and Maintenance Program has made significant steps in incorporating 
environmental stewardship into its operations. Some of these steps include the following:

•	 Enhanced interagency collaboration to efficiently integrate public safety and environmental stewardship objectives. 

•	 Routine maintenance agreement with Department of Fish and Game to minimize environmental impacts associated with 
routine flood control project operations and maintenance.

•	 Initiated Corridor Management planning on the Feather River to protect public safety in a manner that also enhances  
the environment.

•	 Integrated environmental specialists in project design and development.

•	 Increased environmental training of maintenance staff and cross pollination of information between engineers, geology 
staff, and environmental scientists.

•	 Increased coordination with local stream groups in development of channel management actions.

•	 Developed and implemented a levee vegetation management strategy as an alternative to USACE vegetation removal  
policy. Managed vegetation research to improve understanding of public safety implications of the vegetation on  
the levees.

•	 Increased utilization of native species in restoration activities.

•	 Implemented selective vegetation management to support habitat enhancement.

•	 Integrated habitat enhancement into major rehabilitation projects.

•	 Implemented enhanced invasive species removal and control.

•	 Worked on fish passage improvements structures along important migration corridors.

•	 Adopted scheduling of maintenance activities to avoid sensitive time periods for species.

•	 Worked in partnership with other agencies to create habitat.

•	 Changed channel vegetation management from dozing and disking to mowing and expanded channel grazing program.

•	 Implemented equipment retrofits for improved air quality.

•	 Increased recycling of waste product and initiated chipping of wood debris for co-generation fuel as opposed to burning 
on site. 

•	 Purchased specialized equipment to minimize environmental disturbance during maintenance activities.

•	 Expanded use of hand crews in areas containing sensitive environmental resources.

•	 Utilization of carefully selected herbicides and rodenticides to minimize impacts to nontargeted species.

•	 Rehabilitated Maintenance Yard buildings for energy efficiencies.

•	 Implemented landscape water use efficiency improvements at maintenance yards.
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4.1.3 Floodplain Risk Management Program
The Floodplain Risk Management Program strives to reduce the consequences of 
riverine flooding in the Central Valley. A major focus of this work is the delineation 
and evaluation of floodplains to assist local decision makers with their near-term and 
long-term land use planning efforts.

The State promotes an enhanced floodplain management program, especially in 
rural-agricultural areas, through the following:

• The State will actively engage FEMA to help provide grants to local  
agencies and citizens for applicable risk mitigation actions, including prop-
erty acquisition, structure demolition, and relocation; and floodproofing and 
elevating residential and nonresidential structures. 

• Senate Bill 5, and related legislation passed in 2007, established various 
floodplain management requirements for cities and counties related to local 
land use planning. The State will collaborate with local planning agencies 
and provide information used to develop the CVFPP to help them integrate 
these data into their local land use planning. The State will also encourage 
local planning agencies to actively participate in development of regional 
flood management plans, which will help to reduce flood risk for local juris-
dictions and comply with the provisions of Senate Bill 5. 

• The State supports efforts to reform the National Flood Insurance Program 
that would result in more equitable implementation while reflecting cor-
responding flood risks. Nationally-supported flood insurance premiums and 
payouts should be commensurate with demonstrated flood risk for a structure 
or area to encourage sound floodplain management at the State, local, and 
personal levels. Structures that sustain flood losses outside FEMA Special 
Flood Hazard Areas should be evaluated and their flood insurance premiums 
adjusted based on their full risk of flooding. In addition, to sustain agricul-
tural communities and support the natural and beneficial functions of flood-
plains, FEMA should consider establishing a flood zone for agriculturally-
based communities to allow replacement or reinvestment development in the 
floodplain for existing structures. The State will work with FEMA to  
consider a special, lower rate structure that reflects actual flood risks for  
agricultural buildings in rural-agricultural areas located in Special Flood  
Hazard Areas.

4.1.4 Flood System Risk Assessment, Engineering,  
 Feasibility, and Permitting Program
Risk Assessment, Engineering, and Feasibility Evaluations

Risk assessments and engineering are performed under this program that support 
ongoing planning, feasibility evaluations, and refinement of the SSIA. The program 
looks beyond individual projects to plan the manner in which all flood management 
facilities, operations, habitat and ecosystem restoration, and other practices work 
together as a system to protect life and property and enhance the ecosystem. 
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The program will support development of site-specific improvements. Feasibil-
ity studies and updates to the CVFPP will be prepared under this program. This 
program will also perform flood system engineering and modeling assessments of 
existing facility conditions for use in identifying areas needing improvements. In 
addition, the program will develop and maintain hydrologic, hydraulic, geotechnical, 
economic, and other models and relationships, providing the foundation of informa-
tion necessary for developing site-specific and systemwide projects. In support of 
the CVFPP, this program will prepare two basin-wide feasibility studies, in partner-
ship with USACE, , as described in Section 4.4.4.

Role of USACE in Flood Risk Reduction Projects

The majority of Central Valley flood management facilities, and nearly all SPFC 
facilities, are part of the State-federal flood protection system. Any modifications 
or additions to, or deletions from, an existing federal flood management project 
require federal participation and approval through USACE and Congress. Major 
improvements or modifications to the SPFC will require a federal feasibility study. 
Feasibility-scope investigations are a critical and integral part of federal involvement 
in new water resources projects or modification to existing federal projects. Feasibil-
ity reports and subsequent documentation are used by federal decision makers and 
Congress to authorize new projects or project modifications and appropriate funds. 

USACE, in partnership with the State and other local interests, is currently conduct-
ing a number of feasibility studies in the Central Valley. After feasibility studies are 
completed and successfully processed, it is anticipated that, in accordance with their 
findings and recommendations, the studies will lead to Congressional authorization 
and appropriation. Federal feasibility studies are an element of the State Flood Risk 
Reduction Projects Program. DWR and the Board are actively coordinating with 
USACE on these feasibility studies. Additional information concerning federal feasi-
bility investigations is presented in Section 4.4.3.

Integrated Flood System Improvements and Permitting

DWR has initiated integrated flood management programs that could also facilitate 
permitting processes for implementing flood risk reduction programs and operations 
and maintenance of the flood management system in the Central Valley. Below are 
descriptions of major programs to achieve the goal of implementing multiobjective 
projects while facilitating programmatic permitting for flood management activities. 
Upon adoption of the CVFPP, these programs could inform DWR and partnering 
agencies in developing the Conservation Strategy that promotes implementation of 
integrated multiobjective projects while reducing or eliminating the need for mitiga-
tion, facilitating project permitting and reducing the costs and the time needed to 
acquire required permits. 

Conservation Planning
This program coordinates the development and implementation of system and 
regional approaches for improving ecosystems associated with the flood manage-
ment system. An initial Conservation Framework, included as Attachment 2, will 
provide environmental guidance for integrated flood project planning until the more 
detailed Conservation Strategy is completed in time to guide development of the 
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2017 CVFPP. The Conservation Strategy described below integrates measures to 
mitigate potential impacts to environmental resources resulting from improvements 
to the SPFC, along with other ecosystem restoration activities implemented within 
the SFPC footprint.

DWR, through development of the future Conservation Strat-
egy, is evaluating systemwide and regional permitting ap-
proaches that will bring efficiencies to the approval processes 
for project construction and operations and maintenance activi-
ties. The Conservation Framework provides an overview of 
floodway ecosystem conditions and trends, key conservation 
goals that further clarify the CVFPP supporting goal of pro-
moting ecosystem functions, and the ways flood management 
improvements can be accomplished to improve both public 
safety and environmental conditions. The future Conservation 
Strategy will be consistent with the Conservation Framework 
and provide a comprehensive, long-term approach for the State 
to achieve the objectives of the Central Valley Flood Protection 
Act, FloodSAFE, and CVFPP Goals.

Corridor Management Strategy
The Corridor Management Strategy involves developing a vision, strategy, and plan 
(Corridor Management Plan (CMP)) for managing river corridors that integrate flood 
risk management, improved ecosystem function, and water management over a long-
term planning horizon (greater than 30 years). A CMP includes a strategy for man-
aging flood protection facilities, conveyance channels, floodplains, and associated 
uplands; a maintenance plan; and a restoration plan. A CMP also identifies policies 
for compatible land uses, such as agriculture and recreation, within the corridor. In 
addition to addressing habitat restoration and flood facility maintenance, CMPs are 
a foundation for securing programmatic regulatory agency approvals for ongoing 
maintenance activities and routine habitat restoration. CMPs rely on coordination, 
collaboration, and cooperative working relationships with interested parties and 
stakeholders, including State, federal, and local agencies, nongovernmental organi-
zations, maintenance districts, agricultural interests, and landowners. The State has 
initiated development of a CMP for a 20-mile-long reach of the lower Feather River 
(from Yuba City to the Sutter Bypass). CMPs will be a key method for working with 
agricultural communities, in particular, in a coordinated approach to implementing 
the Conservation Strategy.

CMP strategies are a means of restructuring existing flood management practices 
and policies implemented within a given management area to benefit and enhance 
the environment without compromising actions required by practices and policies. 
CMPs effectively support the development and implementation of the CVFPP – an 
integrated flood management plan to reduce flood risk, promote ecosystem function, 
and create a more sustainable flood management system that allows for ongoing 
operations and maintenance activities.

APPROACHES TO ENVIRONMENTAL  
COMPLIANCE AND ENHANCEMENTS 

Through development of the Conserva-
tion Framework and future Conservation 
Strategy, DWR is evaluating systemwide 
and regional permitting approaches that 
will bring efficiencies to the approval 
processes for project construction and op-
erations and maintenance activities. These 
permitting approaches are being informed 
through analyses of restoration opportuni-
ties to help prioritize restoration as mitiga-
tion investments.
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Flood Corridor Program
The Flood Corridor Program is a unique local assistance program focused on provid-
ing nonstructural flood risk reduction integrated with natural resource and agricul-
tural land protection. The Flood Corridor Program is implementing multiobjective 
projects that create and restore natural floodways, reconnecting streams and rivers to 
their historic floodplains, where feasible, and using other nonstructural approaches 
such as constructing levee setbacks, creating detention basins, and removing struc-
tures from flood-prone areas. The integrated approach helps DWR and the State 
achieve public goals of making communities safe from flooding while restoring 
important wildlife habitat and protecting farmland.

The above programs and CMP approach will collectively help implement the ele-
ments of the SSIA. As shown in Figure 4-1, each program contributes to system 
improvements, urban improvements, small community improvements, and rural-
agricultural area improvements. System improvements will also provide additional 
flow capacity and flood system flexibility to accommodate climate change and large 
flood events (over 200-year events).

Rural-Agricultural Area Flood Management

The State will help coordinate activities needed to improve flood management in 
rural-agricultural areas. Over 90 percent of the Central Valley’s levee-protected 
floodplains are rural-agricultural in character, with levees providing limited flood 
protection to over 60,000 people. 

The approximately 1,200-mile-long State-federal levee system protecting rural- 
agricultural areas was constructed to a geometry standard using available soil  
materials with the intent to pass design flows with adequate freeboard. In recent 
years, it has become clear that a large portion of the rural-agricultural levee system 
does not meet current levee engineering performance standards because of inade-

FLOOD MANAGEMENT PROGRAMS SYSTEM 
IMPROVEMENTS

URBAN 
IMPROVEMENTS

SMALL 
COMMUNITIES

RURAL 
AREAS

Flood Emergency Response

Flood System Operations and Maintenance

Full ContributionKey: Partial Contribution

Floodplain Risk Management

Flood Risk Reduction Projects

Flood System Assessment, Engineering, 
Feasibility, and Permitting

Figure 4-1. Flood Management Programs and Their Relative Contributions to  
State Systemwide Investment Approach Implementation
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quate cross sections, geotechnical weaknesses, erosion, encroachments, penetrations, 
or other concerns. It is also clear that the combined resources of local agencies, the 
State, and the federal government will not be sufficient to improve the levees pro-
tecting rural-agricultural areas to meet the current 100-year level of flood protection 
performance standards. The CVFPP recognizes these realities, but also notes that 
it is important to improve flood protection for rural-agricultural areas, to the extent 
feasible, on a prioritized basis. 

Historically, the highly variable and largely unknown geotechnical characteristics of 
rural-agricultural levees were addressed through inspections, floodfighting during 
flood events, and periodic repairs. The accepted practice has been to conduct regular 
inspections during flood events to identify areas of weakness (such as erosion sites, 
boils, sloughs, fallen trees, and cracks), followed by vigorous floodfights and post-
flood repairs wherever these weaknesses appeared. Therefore, it is fundamentally 
important to provide access for inspection and floodfighting activities via all-weather 
roadways on levee crowns and, where possible, on the landside levee toes. The  
program will invest in rural-agricultural area levees, addressing the greatest risk  
factors first.

Upon adoption of the CVFPP, the State will work with the local maintaining  
agencies to develop local and regional flood management plans for repairs and 
improvements to rural-agricultural levee systems. These plans will identify actions 
to improve public safety and reduce flood damages in a cost-effective manner, with 
financial support from the State, when feasible. The local flood management plans 
will prioritize improvements within rural-agricultural basins, with an emphasis on 
past performance and life safety.

The State supports developing a levee repair standard for rural-agricultural areas, in 
coordination with local and regional flood management agencies. While Urban  
Levee Design Criteria should be applied when the consequences of failure may 
result in significant loss of life or billions of dollars in damages in an urban area, 
implementing levee improvements or repairs to meet this standard requires an  
enormous financial investment that is difficult to justify in rural-agricultural areas.

The State supports cost-sharing of the following rural-agricultural flood management 
improvements, subject to availability of funds and where feasible to:

• Providing opportunities to improve reaches of levee where a failure would 
result in rapid, deep flooding of a small community.

• Providing opportunities to improve reaches of levee that protect critical  
infrastructure of statewide importance.

• Addressing known, localized performance problems or levees that have ex-
perienced distress during past flood events, prioritized based on flood risk.

• Improving access for flood emergency response and floodfighting by provid-
ing all-weather access roads on levee crowns, with associated ramps and 
turnouts.

• Improving visibility and accessibility by removing or modifying encroach-
ments, where necessary.
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• Preparing and implementing economically feasible local or regional flood 
management plans. Benefits could include reduced flood damages, improved 
life safety, protection of critical infrastructure, and ecosystem restoration.

• Repairing rural-agricultural erosion sites identified by the latest inspection, 
on a priority basis (most critical first).

• Developing rural-agricultural area levee repair standards, in coordination 
with local and regional flood management agencies.

The State may help local agencies identify feasible projects, prepare financial plans, 
and develop cost-sharing arrangements to implement feasible flood management 
improvements in rural-agricultural areas.

The State also proposes reducing small community flood risks by improving levees 
protecting small communities and/or constructing new levees and flood walls (see 
Section 3). In many small communities, struc-
tural improvements will not be economically 
feasible and other management actions may be 
implemented, including working with FEMA to 
provide assistance for floodproofing homes and 
structures or relocating structures from deep 
floodplains. In addition, the State will work 
with FEMA to evaluate the feasibility of a pro-
gram to provide post-flood recovery assistance 
to rural-agricultural areas (See Section 4.1.3).

4.1.5 Flood Risk Reduction  
 Projects Program
The Flood Risk Reduction Projects Program 
works to develop on-the-ground projects (see 
Section 3) that are compatible with and support the CVFPP Goals. In addition to im-
provement of existing facilities and implementation of new projects, some existing 
flood protection facilities may be removed or modified under this program if the fa-
cilities no longer support system performance (see Section 4.3). State investments in 
system improvements may be through direct investment in new or improved facili-
ties or through grant programs. System improvements will generally be implement-
ed through a partnership program and cost-sharing among DWR, local agencies, the 
Board, and USACE, as the interests of agencies in the improvements are identified.

Three major implementation programs are required to develop and construct on-the-
ground projects: System Improvements, High Risk Area Flood Risk Reductions, and 
Small Community Flood Risk Reductions programs. In addition, all levels of project 
funding, planning, design, and development will consider opportunities to integrate 
ecosystem enhancements with flood damage reduction projects. 

The following is a summary of each implementation program for the Flood Risk 
Reduction Projects Program.

Erosion along the Sacramento River in January 2002
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System Improvements

This program will coordinate development of more complicated system projects, 
such as system reservoir operations, expansion and extension of flood bypasses, new 
bypasses, flood system structures, and ecosystem enhancements (including fish and 
wildlife habitat enhancement and fish passage improvements). System improvements 
will provide operational flexibility during major flood events by lowering peak flood 
stages throughout the system, redirecting devastating floodflows away from urban 
areas, creating open space, and providing integration of ecosystem enhancement and 
flood risk reduction. Specific actions under this program include the following:

• Acquiring land and establishing easements
• Improving existing levees in urban areas and construction of new setback 

levees, where feasible
• Developing and extending riparian corridors and environmental restoration
• Implementing fish passage improvements and fish and wildlife  

habitat connectivity
• Upgrading flood control structures and removing sediment from bypass  

system weirs, gates, and channels
• Coordinating reservoir operations during major floods and establishing  

dynamic flood control diagrams, where feasible

Participation and partnership in this program by USACE will be critical for imple-
menting large-scale systemwide projects. The State and local project sponsors would 
be responsible for any lands, easements, rights-of-way, and relocations. An important 
element of system improvements is the Conservation Strategy, discussed in  
Section 4.1.4.

High Risk Area Flood Risk Reductions

This program will coordinate development of regional flood damage reduction 
projects for urban areas to achieve an urban level of flood protection (protection 
from a 200-year flood). This program replaces the Early Implementation Program 

that DWR managed during the first phase of FloodSAFE. Many 
local agencies, including Reclamation District 784, the City of 
Marysville, Sutter Butte Flood Control Agency, and those in the 
Sacramento, West Sacramento, and Stockton areas, have been 
working diligently toward achieving the goal of providing 200-
year protection. This program will be implemented in partner-
ship with local agencies and USACE, with close coordination 
and cooperation among program participants.

Small Community Flood Risk Reductions

This program will coordinate the development of local flood 
damage reduction projects for small communities. This  
program may include State-led improvements to SPFC facilities 
or provide support for locally sponsored projects. The program 
activities may include achieving 100-year flood protection by 

APPROACH TO URBAN  
FLOOD RISK REDUCTION 

The SSIA outlines improvements to SPFC 
facilities to achieve 200-year flood protec-
tion for urban and urbanizing areas. Some 
urban areas receive protection from SPFC 
levees and local, non-SPFC levees.  The 
State would assist local agencies in im-
proving these pertinent non-SPFC levees to 
achieve an urban level of flood protection, 
but without accepting any responsibility for 
those levees as they may remain non-SPFC 
facilities.
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constructing new ring levees around small communities and improvement of exist-
ing levees and floodwalls where feasible. In addition to feasible structural improve-
ments (see Section 3), previously discussed small communities may be considered 
for non-structural flood risk reduction, such as flood-proofing, raising structures, 
and relocation of structures. This program will be implemented in partnership with 
local agencies, FEMA, and USACE, with close coordination and cooperation among 
program participants.

4.2 Levee Vegetation Management Strategy
Levee vegetation management practices and procedures are an important compo-
nent of the Flood System Operations and Maintenance Program, and of numerous 
ongoing and proposed flood risk reduction projects. Through management actions 
set forth in the CVFPP, and the associated Conservation Framework, the State will 
implement a flexible and adaptive integrated vegetation management strategy that 
meets public safety goals and protects and enhances sensitive habitats within the 
Central Valley. Implementation of the State’s approach to levee vegetation manage-
ment will be adaptive and responsive to (1) the results of ongoing and future  
research, and (2) knowledge gained from levee performance during high  
water events.

The State recognizes that woody vegetation on levees must be appropriately  
managed. The State’s levee vegetation management strategy is focused on improv-
ing public safety by providing for levee integrity, visibility, and accessibility for 
inspections, maintenance and floodfight operations; at the same time, it protects  
important and critical environmental resources. While the strategy has a particular 
focus on protecting and enhancing the remaining shaded riverine aquatic habitat 
associated with the SPFC, it also addresses long-term quality and connectivity of 
habitat within the full flood management corridor.

Levee failure mechanisms (or risk factors), such as under-seepage, through-seepage, 
slope and structural instability, erosion, and deep rodent burrows, indisputably have 
negative impacts on levee integrity and public safety. Legacy levee vegetation does 
not fall into such a grouping of unequivocal failure mechanisms. Given that  
USACE Engineer Research and Development Center’s research report (July, 2011) 
has shown that woody vegetation has the potential to increase or reduce risk,  
depending on a variety of factors, DWR believes it is appropriate to characterize 
woody vegetation as only a “potential risk factor” that should be considered in rela-
tion to the unequivocal risk factors and to site-specific conditions. One of the find-
ings of the Flood Control System Status Report (2011) is that levee vegetation is a 
low threat to levee integrity in comparison with other risk factors; this is consistent 
with the fact that, with many levee failures in California, none have been attributed  
to vegetation.

From a flood threat perspective, lower waterside slope vegetation rarely presents 
an unacceptable threat to levee integrity. However, lower waterside slope vegeta-
tion more typically provides beneficial functions, such as slowing near shore water 
velocities and holding soil in place to reduce erosion. Dense riparian brush provides 
the greatest erosion protection and least levee safety threat. Larger woody vegeta-
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tion helps stabilize levees through extensive root systems. In consideration of the 
relatively low potential threat to public safety and high habitat value for State- and 
federally-listed species, the State will, in coordination with State and federal  
resource agencies:

• Allow retention of vegetation on the lower water-
side levee slope (below the vegetation manage-
ment zone)

• Protect existing lower waterside levee slope veg-
etation on State-maintained levees, and encourage 
a similar practice for projects and maintenance 
activities by local entities

• Allow development of appropriate vegetation 
on the lower waterside levee slope and near the 
waterside levee toe

For the systemwide scale of the CVFPP, it is not 
practical to assess each levee segment individually to 
determine relative risk factors and to prioritize inte-
grated system improvements. An expectation of “site 
by site” or “tree by tree” assessments would create an 
unreasonable administrative burden for project propo-
nents and agency staff of all project partners. However, 
through routine inspections, levees will be inspected 
multiple times each year for a wide variety of potential 
problems, including trees that may pose an unaccept-
able threat to levee integrity, or which create a visibil-
ity problem within the vegetation management zone.

This strategy affords levee maintaining agencies with 
flexibility and encourages them to retain existing trees 
and other woody vegetation. Because of the importance 
of these critical vegetation resources, it is anticipated 
that implementing this vegetation strategy will result in 
retaining, in the near-term, the vast majority of existing 
trees and other woody vegetation that provide impor-
tant and critical habitat. In the long-term, it is antici-
pated that the vast majority of trees and other woody 
vegetation on the lower waterside levee slope would be 
left to continue to grow with appropriate management.

A chronology of past and ongoing interaction with 
USACE regarding implementation of USACE levee 
vegetation policy and Public Law 84-99 rehabilita-
tion eligibility is provided in Section 3; a summary 
of the CVFPP levee vegetation management strategy 
is described below, and the full text of that strategy is 
included in Attachment 2 – Conservation Framework. 
Specific vegetation management procedures will be 

ADAPTIVE LEVEE  
VEGETATION MANAGEMENT  

Implementation of the State’s strategy for levee 
vegetation management will be adaptive and 
responsive to (1) the results of ongoing and future 
research, and (2) knowledge gained from levee 
performance during high water events. The strate-
gies outlined below for the lower waterside slope 
and for the vegetation management zone provide a 
path forward for CVFPP implementation. 
Lower Waterside Slope

In order to sustain critical habitat, the CVFPP 
levee management strategy retains lower water-
side vegetation (below the vegetation manage-
ment zone).  Vegetation would be removed (in 
coordination with resource agencies) only when 
it presents an unacceptable threat.

Vegetation Management Zone:  
Life Cycle Management (LCM)

LCM addresses “visibility and accessibility” 
criteria while progressing gradually (over many 
decades) towards the current USACE vegeta-
tion policy goal of eventually eliminating woody 
vegetation from the “vegetation management 
zone” on the landside slope, crown, and upper 
waterside slope of levees.

LCM addresses resource agency objectives to 
protect and improve riparian habitat by largely 
preserving in the near-term existing vegetation 
within the vegetation management zone that does 
not impair visibility and accessibility, while devel-
oping additional habitat under the Conservation 
Strategy to offset gradual die-off of existing trees 
and the removal of trees that pose an unaccept-
able threat to levee integrity. For the long-term, it 
is anticipated that continued scientific research, 
potential system modifications, and evolving 
vegetation policy will support preservation and 
restoration of sustainable riparian habitat within 
the levee system.
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dependent on whether a levee is (1) a new or legacy levee, and (2) directly adjacent 
to the river or set back from the channel. Revisions to the following procedures may 
be considered in future 5-year updates to the CVFPP. The following summarizes the 
current vegetation management strategy:

• The State proposes adherence to USACE guidance for new levee construc-
tion, which typically would be new setback, bypass, or ring levees located 
away from the river channel. 

• Vegetation present on the system, except for the lower waterside slope, will 
be trimmed to provide for visibility and access, as originally defined in the 
Framework Agreement, signed February 27, 2009 by participants of the 
California Levees Roundtable. It is important to note that the vegetation that 
was introduced, allowed, required as mitigation, or endorsed by a previous 
USACE action as necessary to comply with environmental requirements, 
and/or was present when the levee system was transferred from USACE to 
a nonfederal sponsor, will not be removed (unless changed conditions cause 
such vegetation to pose an unacceptable threat or it creates a visibility prob-
lem within the vegetation management zone).

• Vegetation present on the system will be evaluated, based on accepted 
engineering practice, and as part of the routine operations and maintenance 
responsibilities of DWR and other levee maintaining agencies, trees and 
other woody vegetation will be monitored to identify changed conditions 
that could pose an unacceptable threat. DWR will develop and incorporate 
vegetation criteria into its inspection checklist to guide identification of 
potential threats, as the science becomes available. Any vegetation that has 
been evaluated and found to present an unacceptable threat will be removed 
in coordination with the resource agencies.

• DWR will implement, and will advise local maintainers in their implemen-
tation of an adaptive vegetation management strategy. This strategy will 
include a long-term vegetation life-cycle management plan, which will allow 
existing trees and other woody vegetation of a certain size to live out their 
normal life cycles, but will result in the gradual elimination of trees and 
other woody vegetation from the vegetation management zone though the 
removal of immature (less than 4 inches) trees and immature woody veg-
etation. Throughout their lives and after their deaths, these trees and other 
woody vegetation will be periodically evaluated and, if found to pose an 
unacceptable threat to levee integrity would be removed in coordination with 
the resource agencies.

• Implementation of the life-cycle management plan will result in the gradual 
loss of important terrestrial and upper waterside riparian habitat throughout 
the State-federal project levee system. However, the CVFPP’s vegetation 
management strategy includes the early establishment of riparian forest  
corridors that will result in a net gain of this habitat. The Conservation 
Framework includes a tree planting program, which will be more fully  
defined in the Conservation Strategy, to ensure that the quantity and quality 
of the riparian corridors of the Central Valley are maintained and enhanced 
over time. A monitoring plan will also be included in the Conservation  
Strategy.
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• The CVFPP also calls for encouraging and supporting research on the risks 
and benefits of trees on levee performance, and techniques for concurrently 
achieving flood risk reduction and environmental quality goals. State and 
local agency-sponsored research, along with USACE-sponsored research, are 
addressing information gaps surrounding levee performance through applied 
research and an ongoing synthesis of historical information. Findings of 
these research programs are informing current policy development, and will 
continue to do so for future CVFPP updates. In addition, further research will 
follow up on recent research into the effects of woody vegetation on levees, 
and address other data gaps. DWR and its partnering agencies will incorpo-
rate new information into evolving policies and practices.

4.2.1 Long-Term Compatibility of State Levee 
 Vegetation Management Strategy and  
 U.S. Army Corps of Engineers Vegetation Policy
As described in the foregoing, removing lower waterside levee slope vegetation is  
a very low priority and would generally not be justified until high levee risk factors  
(as documented in the Flood Control System Status Report (2011)) are addressed.  
However, compatibility between the State levee vegetation management strategy  
and USACE vegetation policy is potentially achievable when framed in the  
following context:

 Through long-term implementation of life-cycle vegetation  
management on the landside slope, crown, and upper wa-
terside slope of SPFC levees, the CVFPP levee vegetation 
management strategy will gradually (over a period of de-
cades) result in levees clear of woody vegetation, consistent 
with USACE vegetation policy, except for lower waterside 
vegetation – which is mostly the same part of the levee where 
USACE has indicated that variances can be appropriate.

DWR believes that the best path toward State-USACE vegetation policy compatibil-
ity is through a sufficiently flexible systemwide variance process consistent with the 
above levee vegetation management strategy that can supplement, if necessary, the 
existing vegetation variance for lower waterside slope vegetation (per USACE letter 
dated August 3, 1949). Removal of woody vegetation on the lower water side that 
does not pose an unacceptable threat to levee integrity will be deferred indefinitely 
to allow for development of new information, tools, and techniques that can expand 
future options for mutually acceptable treatment of lower waterside vegetation.

4.3 Removal and Addition of  
 State Plan of Flood Control Facilities
As the SSIA is implemented, some features of the SPFC may prove to be obsolete 
and slated for removal, while other features may be added. The following provides 
guidance for physical and administrative removal and addition of SPFC facilities. 
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4.3.1 State Plan of Flood Control  
 Facilities Removal
Over the years, some of the facilities included in the SPFC have ceased to exist, 
have failed to achieve their original design objectives, have deteriorated to the point 
of becoming nonfunctioning, or otherwise have become a detriment to the existing 
system. Accordingly, in some cases, it is in the public interest for the State to formal-
ly remove these facilities from the SPFC. Removal of a facil-
ity from the SPFC may consist of physical and administrative 
actions, or only administrative actions. Physical removal of any 
facility is subject to a case-by-case evaluation. To be considered 
for removal from the SPFC, candidate facilities need to meet 
one or more of the following criteria:

• Physical removal of the SPFC facility would result in 
improving the flood management system

• Removal of the SPFC facility is in the mutual interest of 
the State and the local maintaining agency

• Physical removal of the facility has already been  
initiated or completed 

For facilities to be removed from the SPFC, it must be dem-
onstrated that such action would not cause unacceptable im-
pacts to other flood management features, protected people or 
property, or to nonflood management purposes. If removal of a 
specific facility would cause potential undesirable or unacceptable effects to flood 
management or to other purposes, mitigation measures would be implemented to 
offset such potential adverse effects before the facility is removed. 

4.3.2 State Plan of Flood Control Facilities Addition
Ongoing State-federal projects in the Sacramento and San Joaquin river basins are 
expected to become part of the SPFC after completion, and turned over to the State 
and local maintaining agencies. Also, while some projects completed through the 
Early Implementation Projects Program and Section 221 of the Flood Control Act of 
1970 are not currently part of the SPFC, they may become part of the SPFC in the 
future after undergoing the appropriate processes.

Generally, the traditional way for facilities to become part of the SPFC is by comple-
tion of the following processes:

• USACE prepares a Chief of Engineers Report to recommend to Congress 
that federal participation in a project be authorized and that completed works 
be incorporated into the federal project. Congress passes and the President 
signs legislation for the project, usually as part of a periodic Water Resources 
Development Act.

• The State Legislature passes and the Governor signs legislation authorizing 
State participation in the project, incorporating specific language referencing 
federal authorization.

CENTRAL VALLEY FLOOD PROTECTION 
ACT OF 2008 

California Water Code Section 9614 (h) 
“The evaluation shall include a list of facili-
ties recommended to be removed from the 
State Plan of Flood Control.  For each facil-
ity recommended for removal, the evalua-
tion shall identify both of the following:
(1) The reasons for proposing the removal 
of the facility from the State Plan of Flood 
Control.
(2) Any additional recommended actions 
associated with removing the facility from 
the State Plan of Flood Control.”
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• The project is constructed. After  
  construction is complete, the project   
  finishes the closeout phase. USACE   
  prepares an Operation and Maintenance  
  Manual for the project unit.

• USACE and the Board execute a  
  standard agreement transferring  
  responsibility for operations,  
  maintenance, repair, and rehabilitation  
  to the State.

• The Board and appropriate local  
  maintaining agency or DWR execute a  
  standard agreement, further transferring  
  these responsibilities to the  
  maintaining agency.

• In addition, the Central Valley Flood   
  Protection Act of 2008 authorizes the  
  Board to add facilities to the SPFC   
  directly. Such facilities would need   
  to meet other legal requirements,  
  including, but not limited, to the  
  California Environmental Quality Act,  
  Water Resources Law of 1945, and  
  Flood Control Law of 1946.

4.4 Refining Flood  
  System Investments
While the CVFPP establishes an overall vi-
sion for Central Valley flood risk management, 
detailed feasibility studies are needed to further 
refine and define specific improvements that 
support the CVFPP Goals. Two proposed State 

feasibility studies for the Sacramento and San Joaquin river basins will focus on 
defining a systemwide set of flood management improvements to the SPFC, begin-
ning with the physical elements included in the SSIA. Elements can be expected to 
be refined and modified based on those two feasibility studies. This is especially true 
for larger system elements that require more studies and feasibility evaluations to 
better understand their costs and benefits and to reduce the level of uncertainty. The 
feasibility studies are also needed for federal project appropriation.

To prepare the State feasibility studies, the State will first work with local agen-
cies to prepare regional flood management plans. These plans (see Section 4.4.1) 
will include assessment of levees in each levee Flood Protection Zone (FPZ), will 
identify reasonable and feasible solutions to remedy the areas needing repair, and 
will include a regional financial framework. The State will use the regional plans 
as foundational information and will integrate the plans with system improvement 

CENTRAL VALLEY FLOOD PROTECTION ACT OF 2008 

California Water Code Section 9611. 
“The Sacramento-San Joaquin River Flood Management 
System comprises all of the following:
(a) The facilities of the State Plan of Flood Control as that 
plan may be amended pursuant to this part.
(b) Any existing dam, levee, or other flood management 
facility that is not part of the State Plan of Flood Control if 
the board determines, upon recommendation of the depart-
ment, that the facility does one or more of the following:
(1) Provides significant systemwide benefits for managing 
flood risks within the Sacramento-San Joaquin Valley.
(2) Protects urban areas within the Sacramento- 
San Joaquin Valley.
(c) Upon completion of the Central Valley Flood Protection 
Plan pursuant to this part, the department may identify the 
and propose to the board additional structural and non-
structural facilities that may become facilities of the State 
Plan of Flood Control, consistent with the Central Valley 
Flood Protection Plan.  The board may add those facilities 
to the State Plan of Flood Control based on a determination 
showing how the facility accomplishes the purposes identi-
fied in subdivision (b).
(d) For the purposes of subdivision (c), facilities that may 
become facilities of the State Plan of Flood Control include 
bypasses, floodway corridors, flood plain storage, or other 
projects that expand the capacity of the flood protection 
system in the Sacramento-San Joaquin Valley to provide 
flood protection.”



PUBLIC DRAFT | DECEMBER 2011           PAGE 4–19

SECTION 4.0 | IMPLEMENTING AND MANAGING THE STATE 
SYSTEMWIDE INVESTMENT APPROACH

feasibility analyses to prepare the two basin-wide feasibility studies. These feasibil-
ity studies will be prepared in coordination with USACE and in conjunction with its 
CVIFMS.

Figure 4-2 is a schematic presentation of the process outlined above, showing the 
interconnection of regional flood management plans, State basin-wide feasibility 
studies, and USACE CVIFMS. The majority of flood risk reduction project imple-
mentation will occur as a result of the State basin-wide feasibility studies. However, 
implementation of some projects will continue while the feasibility studies  
are prepared.

The section below further discusses the regional flood management plans,  
State basin-wide feasibility studies, and USACE CVIFMS.

4.4.1 Regional Flood Management Plans
To document site-specific flood system improvement needs and to involve local 
agencies in developing local investment strategies, the State will work with local 
entities and engage other interested stakeholders to define local flood system  
improvements that support the SSIA. This work will be site-specific for individual 
river reaches and likely begin with each FPZ within the potential implementation 
regions. FPZs are the smallest planning unit for gathering and organizing data and 
evaluating the costs and benefits of proposed flood management actions as they  
relate to overall systemwide improvements. Flood protection needs within the FPZs 
of an implementation region will be aggregated into regional flood management 
needs that, in turn, will be used to formulate regional projects/programs and  
associated feasibility analyses. 

State-led 
Basin-wide 
Feasibility 
Studies

USACE 
Central Valley 

Integrated 
Flood 

Management 
Study

Implementation of Flood Risk Reduction Projects

Assess 
deficiencies in 

Flood Protection 
Zones

Identify 
solutions

Define and map 
Flood Protection Zones 

in the Central Valley

Define and map 
Flood Protection Zones 

in the Central Valley

KEY:  USACE = U.S. Army Corps of Engineers

Prepare Regional Flood Management 
Plan using Flood Protection Zone 

information in the region

Prepare Regional Financial Plan

Figure 4-2. Planning and Implementing Flood Risk Reduction Projects
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The regional plans will be prepared with participation of local 
maintaining agencies, regional flood management agencies, 
counties and cities within the region, and agricultural and envi-
ronmental interests. The role of counties and cities in the plan-
ning process is important because they are required to update 
their general plans to incorporate information used to prepare 
the regional plans. DWR will participate in the planning pro-
cess, will provide any available information, and may provide 
financial assistance for preparing the regional plans, if funds are 
available.

Based on analyses conducted for selected projects in a region, a 
regional financing strategy will also be prepared and will iden-
tify potential federal, State, and local cost-sharing. The cost-
sharing formula may differ based on the nature of the flood risk 

reduction needs of and systemwide benefits achieved in each region. The regional 
analyses will be combined with the regional financing plan to form a regional flood 
management plan. To implement SPFC improvements from a systemwide perspec-
tive, evaluations will consider monetary and nonmonetary benefits on a regional 
basis, to be updated as system improvements are defined over time.

The State and its partners will need to develop benefit-cost analyses by focusing on 
different project purposes in various reaches of the system. For example, in urban 
areas the focus would likely be on flood risk reduction, while in rural-agricultural ar-
eas the focus would be on flood risk reduction supported by floodplain management 
and improved ecosystem function and sustainability. The State proposes to provide 
a greater cost-share at the local level for environmentally beneficial projects, such 
as setback levees. The State will allow local rural entities to cover their cost-shares 
with in-kind services, agricultural conservation easements, and other compatible ele-
ments.

Development of regional flood management plans and formulation of specific capi-
tal improvement projects will continue after completion of the 2012 CVFPP. This 
plan development process will coordinate with other overlapping planning efforts 
by identifying common goals and pursuing opportunities to collaborate and reduce 
potential conflicts with these other efforts. The information gathered for the regional 
flood management plans will be used to help develop of the State basin-wide feasi-
bility studies scheduled for completion by 2017.

A review of areas protected by facilities of the SPFC initially identifies regions with 
varying characteristics (see Figure 4-3). Ultimately, more or fewer regions may be 
used, depending on organization and preferences of local entities.

CENTRAL VALLEY FLOOD PROTECTION 
ACT OF 2008 

California Water Code Section 8201  
“(a) A local agency may prepare a local 
plan of flood protection in accordance with 
this chapter.…
 (d) Plans prepared pursuant to this chap-
ter, within the Sacramento-San Joaquin 
Valley as defined by Section 9602, shall be 
consistent with the Central Valley Flood 
Protection Plan pursuant to Section 9612.”
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Figure 4-3.  Central Valley Flood Protection Plan Implementation Regions and  
Flood Protection Zones
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4.4.2 Assisting Local Agencies in Land Use Planning
The Central Valley Flood Protection Act requires each city and county within the 
Sacramento- San Joaquin Valley to amend its general plan to include flood-related 
information gathered for and presented in the CVFPP, within 24 months of the Board 
adopting the CVFPP. To assist local agencies in complying with the law, DWR will 
prepare the following information and make it available to local agencies:

• Information gathered and used in the CVFPP.
• Maps and geographic information system (GIS) data  
 used to generate maps in the CVFPP and related   
 documents.
• Levee inspection data and completed geotechnical as 
 sessment results of SPFC facilities and related non-  
 SPFC facilities, where data are available.
• Water surface elevations for 100-year and 200-year  
 flood events. 
• 100-year and 200-year inundation maps of the areas  
 protected by the facilities of the SPFC. 
• Criteria for demonstrating an urban level of flood  
 protection, including urban levee design criteria.

The information listed above will be made available, subject 
to availability of funds, to local agencies upon request. DWR 
has prioritized its work so that information needed for urban 
areas is developed first and shared with local agencies. The 
State proposes a planning process in which local agencies, with 
assistance from DWR, will work together to prepare regional 
flood management plans (see Section 4.4.1). The local land use 

agencies are encouraged to actively participate in development of the regional flood 
management plans. Participation of the agencies in regional planning combined with 
specific information listed in this section will help local land use agencies to update 
their general plans and any zoning considerations, as required by the law.

4.4.3 Central Valley Integrated Flood Management Study
The USACE CVIFMS is a feasibility study to evaluate flood 
management improvements in the Central Valley from a fed-
eral perspective, and to provide a framework for authorizing 
and implementing flood risk reduction projects in the Central 
Valley. When completed, this feasibility study will ultimately 
be used to determine the federal interest in implementing ele-
ments of the CVFPP and identifying nonfederal responsibilities 
regarding changes to the SPFC. Through the CVIFMS, USACE 
is reviewing documents and providing technical and policy 
level input, joint data, information, and analytical tools for the 
CVFPP. The CVIFMS would integrate information and find-
ings from the two State basin-wide feasibility studies; USACE 

CENTRAL VALLEY FLOOD PROTECTION 
ACT OF 2008 

California Government Code 65302.9  
“(a) Within 24 months of the adoption of the 
Central Valley Flood Protection Plan by the 
Central Valley Flood Protection Board pur-
suant to Section 9612 of the Water Code, 
each city and county within the Sacra-
mento-San Joaquin Valley, shall amend its 
General Plan…
 (b) To assist each city or county in com-
plying with this section, the Central Valley 
Flood Protection Board, the Department of 
Water Resources, and local flood agencies 
shall collaborate with cities or counties by 
providing them with information and other 
technical assistance.”

CENTRAL VALLEY FLOOD PROTECTION 
ACT OF 2008 

California Water Code Section 9615.  
“For the purpose of preparing the plan, 
the department shall collaborate with the 
United States Army Corps of Engineers…”
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is conducting the CVIFMS, in partnership with DWR and the Board, under existing 
federal authorization for the Sacramento-San Joaquin River Basins  
Comprehensive Study (USACE, 2002).

From a federal perspective, potential changes to existing facilities of the SPFC 
should show a positive impact on the facilities, the people the facilities protect, and 
the purposes of the facilities. Therefore, it is important to the State to work closely 
with USACE to further analytically define and refine elements of the SSIA, and to 
evaluate potential flood management, ecosystem restoration, and other related proj-
ect benefits to justify a strong federal interest in the SSIA. The State will continue to 
work closely with USACE to examine opportunities to fully integrate processes and 
analyses needed for preparing the State basin-wide feasibility studies with  
the CVIFMS.

4.4.4 State Basin-Wide Feasibility Studies
As mentioned above, and as part of SSIA implementation, the State will initiate two 
basin-wide feasibility studies. The primary purposes of these State-led feasibility 
studies are to (1) develop a Locally Preferred Plan for consideration by USACE in 
formulating and selecting a recommended plan and pursuing federal authorization, 
(2) prepare environmental compliance evaluations, and (3) 
establish the State’s role in project implementation. A benefit 
of these State-led feasibility studies is that the State can effec-
tively contribute to, and help accelerate, the federal feasibility 
study; if USACE is not able to move forward with implementa-
tion, the State would be poised to do so.

History suggests that federal studies can be accomplished in 
a more efficient manner when there is (1) strong nonfederal 
sponsor understanding of the federal project implementation 
process, (2) active nonfederal leadership and direction, and (3) 
a well-developed Locally Preferred Plan for use in the process.

The State feasibility studies will examine the options and elements included in the 
2012 CVFPP to determine study feasibility and refine study features/characteristics. 
The State feasibility studies will be accomplished in close coordination and part-
nership with USACE; the CVIFMS, in particular, will follow the federal milestone 
system, and will comply with the Economic and Environmental Principles and 
Guidelines for Water and Related Land Resources Implementation Studies (Water 
Resources Council, 1983). It is anticipated that the State feasibility studies will es-
tablish a complete, well-developed Locally Preferred Plan in the context of a federal 
feasibility study, and provide a solid foundation for initiation of federal studies, as 
appropriate. Engagement with federal partners would occur throughout the State fea-
sibility studies period. State planning and technical analyses will employ approaches 
consistent with federal practices, such that information can be efficiently used in 
corresponding federal feasibility studies. Under this condition, it is fully anticipated 
that the corresponding federal studies would incorporate information developed by 
the State basin-wide feasibility studies, including the Locally Preferred Plan.

FEASIBILITY STUDY COORDINATION

As part of CVFPP implementation and de-
velopment of the 2017 update, the State will 
continue to coordinate and engage with 
federal partners on the State basin-wide 
feasibility studies, the CVIFMS, and other 
related efforts.
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The State-led feasibility studies will integrate information presented in regional flood 
management plans prepared by local agencies, and information, analyses, and evalu-
ations conducted as part of federal feasibility studies and the CVIFMS, as shown 
in Figure 4-4. Upon adoption of the CVFPP, DWR intends to work closely with the 
USACE Sacramento District to further examine opportunities for fully integrating 
the basin-wide feasibility studies with CVIFMS.

4.4.5 Program Coordination,  
 Communication, and Integration
Development and implementation of the CVFPP requires continued coordination, 
communication, and integration with other flood and water management and eco-
system enhancement programs in the planning area. These programs include, but are 
not limited to, other State and federal efforts such as the San Joaquin River Restora-

Basin-wide 
Feasibility

Studies

Implementation

Regional 
Flood Plans:

(Region III Flood Plan,etc.)

Zone 1
Zone 2
Zone 3

Region I 
Flood Plan

Region II 
Flood Plan

Zone 1
Zone 2
Zone 3
Zone 4

2012 CVFPP

Local, State, 
and Federal 

Appropriation

Central Valley 
Integrated Flood 

Management Study

2017 CVFPP 
Update

USACE 
Feasibility Studies

Feasibility Study I
Feasibility Study II
Feasibility Study III
Feasibility Study IV

(Feasibility Study V, etc.)

KEY:  
CVFPP = Central Valley Flood Protection Plan  USACE = U.S. Army Corps of Engineers

Figure 4-4. Preparing Basin-Wide Feasibility Studies Leading to Implementation
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tion Program, Bay-Delta Conservation Plan, Delta Stewardship Council Delta Plan, 
Delta Protection Commission Economic Sustainability Plan, Statewide Flood Man-
agement Planning Program, USACE CVIFMS, and other programs. The State has a 
strong interest in coordinating and, when feasible, achieving integration of flood risk 
management with water supply reliability enhancement, environmental restoration, 
and other multiresource benefits. 

Effective integration across resource categories and planning efforts means that all 
of the programs and projects, when implemented, work together to achieve the key 
goals of the various programs in a cost-effective and appropriately prioritized se-
quence, and do not cancel intended benefits. It is recognized, however, that effective 
integration of planning among many programs for multiple benefits is a significant 
challenge. Carrying that integration across multiple major planning efforts is dif-
ficult and complex. The sheer complexity of the various planning processes, as well 
as gaps in understanding of how they may work together; make it difficult to define 
effective and integrated fixes at a systemwide level. Contributing to the integra-
tion challenge are competition for available funding and the competing priorities of 
involved agencies and interest groups with different views and measures of what 
constitutes success. 

With these challenges in mind, it is also recognized that coordination, communica-
tion, and integration across a number of programs and projects also present oppor-
tunities for collaboration, minimizing duplication, reducing costs, and identifying 
other opportunities. The State recommends taking the following steps (as well as 
other similar steps) to achieve, to a large extent, integration and implement projects 
and programs in a coordinated fashion:

• The integration of flood management with other resource management ac-
tivities is best achieved during project planning and on-the-ground activities. 
In executing the CVFPP, the State proposes to work with local agencies to 
prepare regional flood management plans. Preparation of the regional plans 
will include examining opportunities for integrating of flood management 
with water management and ecosystem restoration and to coordinate with 
other agencies’ relevant activities in the region. 

• At the high level planning, the flood management activities are incorporated 
and tied with the broad environmental enhancement activities in the CVFPP. 
In addition, through reservoir operation activities (F-CO and F-BO) flood 
and water management activities are also integrated.

• During preparation of systemwide feasibility studies and project implemen-
tation, standardized, well-documented analytical tools will be employed to 
evaluate performance with regard to key resource categories. For example, 
DWR is working with the State Water Project, Yuba County Water Agency, 
USACE, and National Weather Service-River Forecast Center to develop 
F-CO for Lake Oroville and New Bullards Bar. The reservoir operation 
model developed for the F-CO can be enhanced and also used for water  
operations, hence integrating flood and water operations of the reservoirs.
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• The State supports investing in “no-regrets” programs and actions that 
clearly enhance system resiliency, integrate programs and resources, and 
preserve flexibility for future generations. Actions that fall into this category 
may include the following:

 » Acquisition of agricultural conservation easements where com-
patible with local land use plans (especially in deep floodplains 
adjacent to existing flood conveyance channels).

 » Expansion of existing river and bypass channels through levee set-
backs, creation of new flood bypass channels, and development of 
wildlife and fisheries habitats in the bypass system, creating open 
space and integrating with recreation activities.

 » Isolation, stabilization, or removal of mercury and other heavy 
metals, polychlorinated biphenyls, and other long-lasting ecosys-
tem contaminants within the State flood management system to 
improve channel conveyance and water quality and fishery habitat.

 »  Development of new maintenance practices and institutional 
frameworks, such as corridor management planning and the Con-
servation Strategy, to facilitate long-term integrated management 
of the system that effectively serves public safety, water manage-
ment, and ecosystem needs. 

• At the feasibility study level for specific projects, reasonable opportunities 
will be carefully evaluated for integrating of multiple objectives into project 
design. During feasibility studies, DWR and its implementation partnering 
agencies will conduct system impact analyses for all significant resources 
categories, and will consult with all interested agencies and stakeholders 
before finalizing projects for execution.

• At the systemwide level, major implementation activities will continue to be 
coordinated with other ongoing programs in the planning area.

4.4.6 Process for Updating the Central Valley  
 Flood Protection Plan
Updates to the CVFPP will be prepared by DWR and its partner agencies (including 
USACE, the Board, and local agencies) every five years. Following adoption of this 
initial CVFPP by the Board in mid-2012, work will continue toward the first update 
of the CVFPP, due in 2017. Work required for the first, and each subsequent, update 
will generally follow the five-year cycle shown in Figure 4-5.

Each update will build on the previous CVFPP and will describe accomplishments 
since the prior version; will identify results of subsequent technical analyses; will 
highlight changes in approaches, projects, and programs; and will describe near-term 
implementation of projects (or components of longer-term projects) that can be ex-
pected to be completed before the next update. Therefore, level of detail is expected 
to increase from version to version as feasibility studies and implementation prog-
ress. Because of the five-year update cycle, the CVFPP will be a living document 
that adapts to progress, changing conditions, new information, and available funding.
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Development of the Financing Plan for the CVFPP will be the major deliverable in 
the first year (portions of 2012 and 2013) following adoption of the 2012 CVFPP.

The 2017 update of the CVFPP will be reviewed by the Board for overall consisten-
cy with the adopted 2012 CVFPP, and the cycle will be repeated for the 2022 update. 
The 2017 CVFPP update will be prepared in close coordination with USACE.

4.5 2007 – 2011 Accomplishments and  
 Near-Term Priority Actions  
 (2012 through 2017)
4.5.1 Accomplishments
Since the passage of Propositions 1E and 84 in November 2006, DWR has been 
working with USACE and local agencies to improve flood management within areas 
protected by facilities of the SPFC. These accomplishments are considered part of 
the SSIA. Major accomplishments to date are summarized below.

Flood Emergency Response

• Conducted 15 flood emergency exercises, including the Golden Guardian 
Statewide Flood Exercise

• Added about 50 flood forecasting and water supply gaging sites 
• Developed a Flood Emergency Response Information System 
• Developed F-CO program for Yuba-Feather River 

INVESTMENT

CYCLE OF
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Implementation
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Projects

Year 1
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• Scope of the Plan
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Figure 4-5. Five-Year Cycle for Investment and Central Valley Flood Protection Plan
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• Updated hydrology for Central Valley streams
• Stockpiled 240,000 tons of rocks in the Delta for  

  emergency response
• Enhanced environmental integration in emergency  

  response activities, including an emergency response  
  exercise with environmental resource and  
  regulatory agencies
Flood System Operations and Maintenance

• Repaired over 120 critical levee erosion sites 
• Proactively repaired over 220 levee sites 
• Removed three million cubic yards of sediment from  

  the bypasses
• Rehabilitated seven flood system structures 
• Developed and began implementing, in partnership   

  with resource and regulatory agencies, environmental  
  initiatives, including the Corridor Management  
  Strategy and Small Erosion Repair Program

• Initiated and coordinated the interagency Flood  
  Management Collaborative Program

Floodplain Management

• Prepared voluntary flood-related Building Standards  
  Code (California Code of Regulations, Title 24,  
  Parts 2  
  and 2.5) for single-family residential occupancy 
  groups R-3 and R-3.1 for adoption by cities  
  and counties

• Sent flood risk notification letters to 300,000 effected 
  property owners in the Central Valley in 2010  
  and 2011

• Mapped Central Valley Levee Flood Protection  
  Zones

Flood Risk Assessment, Engineering and Feasibility, and Permitting

• Collected topographic data and light detection and 
ranging (or LiDAR) data for 9,000 square miles along 
the flood system 

• Conducted engineering and geotechnical evaluations for urban and  
nonurban levees 

• Developed a comprehensive medium-scale GIS data set of riparian  
vegetation for the Central Valley

•  Assessed major fish passage barriers within the Systemwide Planning Area  

The Golden Guardian Statewide Flood 
Exercise Series was first implemented 
in 2004 and has become a statewide 
exercise series conducted to coordinate 
flood emergency preparation, response, 
and recovery by local, State, and federal 
governmental entities and private sector 
and volunteer organizations. The goal of 
the Golden Guardian Exercise Series is to 
build on the lessons learned from this and 
subsequent exercises, as well as real-
world events. Golden Guardian is currently 
the largest statewide flood emergency 
exercise program of its kind in the country.
 
The Golden Guardian 2011 Full-Scale 
Exercise was conducted in May 2011 and 
was based on a major past California 
flood.  The exercise focused on California’s 
strategy in preparing for and responding to 
a catastrophic flood in the inland region of 
the State. Over 5,000 local, regional, State, 
and federal responders participated in 
various events throughout the three-day 
exercise.
 
The Golden Guardian 2013 exercise will be 
based on a major Bay Area earthquake, 
providing an opportunity to assess 
emergency operations plans as they 
relate to potential effects on the flood 
management system in the Sacramento-
San Joaquin Delta.
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• Evaluated potential floodplain restoration opportunity areas throughout the 
Systemwide Planning Area

• Developed a statewide policy framework and approach for Regional  
Advance Mitigation Planning (RAMP)

• Catalogued and summarized conservation 
objectives from 30 conservation planning 
efforts that overlap the Systemwide Planning 
Area

• Prepared the public draft Conservation 
Framework

• Implemented 12 Flood Corridor Program 
projects in the Central Valley, providing over 
4,000 acres of habitat conservation and over 
500 acres of agricultural land conservation

• Prepared the State Plan of Flood Control 
Descriptive Document, 2009

• Prepared the Flood Control System Status 
Report, 2011

• Prepared the Public Draft 2012 CVFPP

Capital Improvement Projects

DWR, USACE, and local agencies have been working on capital improvement 
projects to upgrade the State-federal flood management system in the Central Valley, 
including the following:

• American River Common Features Project, to provide 200-year protection to 
areas protected by levees along the following reaches:

 » American River downstream from Folsom Dam 
 » Sacramento River downstream from the American River
 » Natomas Basin 

• Folsom Dam Modifications (as part of the Folsom Dam Joint  
Federal Project)

• Marysville Ring Levee Improvement Project 
• Mid-Valley Area Levee Reconstruction Project
• South Sacramento Streams Project
• Three Rivers Levee Improvement Authority, Feather River Levee  

Improvement Project, Yuba County
• Three Rivers Levee Improvement Authority, Upper Yuba River Levee  

Improvement Project, Yuba County
• Levee District 1, Star Bend levee setback on the Feather River,  

Sutter County 

Geotechnical improvements to levees in the Pocket Area 
of Sacramento
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• Reclamation District 2103, Bear River North Levee Rehabilitation Project, 
Sutter, Yuba and Placer counties

• Reclamation District 17, 100-Year Seepage Area Project, San Joaquin River, 
San Joaquin County

• West Sacramento Area Flood Control Agency, Capital Outlay,  
City of West Sacramento

• Repair of two Yolo Bypass east bank levee slips in West Sacramento  
(underway)

DWR has also been working with USACE, the Board, and local agencies to evalu-
ate the potential feasibility of the following projects and efforts in the Central Valley. 
These activities will continue through the next phase of implementation (2012 to 
2017) to the extent feasible. The State will work with USACE and local agencies to 
incorporate ecosystem restoration in these feasibility studies:

• American River Common Features General Re-Evaluation Report 
• Lower San Joaquin River Feasibility Study, investigating actions to achieve 

a 200-year level flood protection and opportunities for floodplain restoration, 
recreational enhancements, and ecosystem restoration for the City of Stock-
ton and surrounding areas

• Merced County Streams Group investigation, evaluating options to increase 
the level of flood protection from a 50-year event to 200-year event within 
the Merced urban area

• Sutter Basin Feasibility Study, improving flood protection for communities 
in Sutter- Butte Basin

• West Sacramento General Reevaluation Report, providing a minimum 200-
year level of protection for the City of West Sacramento

• West Stanislaus County-Orestimba Creek Feasibility Study, evaluating  
feasible flood protection alternatives for the City of Newman and  
surrounding area

• Woodland/Lower Cache Creek Feasibility Study 
• Yuba Basin Project General Re-evaluation Report, increasing the level of 

flood protection for the Yuba River Basin communities of Marysville, Linda, 
Olivehurst, and Arboga
• Mid-Valley Area Levee Reconstruction Project 
• South Sacramento County Streams Project study, increasing 
flood protection for the urbanized area of South Sacramento 
County

4.5.2 Near-Term Priority Actions
Between adoption of the 2012 CVFPP and its first update in 
2017, priority actions include the following (organized by flood 
management programs):

CENTRAL VALLEY FLOOD PROTECTION 
ACT OF 2008

 California Water Code Section 9616 (b) 
“The plan shall include a prioritized list 
of recommended actions to reduce flood 
risks and meet the objectives described in 
subdivision (a).”
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flood emergency response program

• Develop improved flood forecasting and notifications    
for rural-agricultural areas of the Central Valley, and    
provide assistance to local agencies in preparing for    
and responding to flood emergencies

• Invest in additional monitoring gages and forecasting points to facilitate 
timely and accurate dissemination of flood information, particularly for 
rural-agricultural areas subject to more frequent flooding

• To the extent funding is available, propose a State grant program to assist 
rural local agencies throughout the Central Valley preparing flood emergency 
responses plans for their jurisdictions, and to develop appropriate regional 
communication tools and processes for flood emergency response operations

• Continue implementation of F-CO of reservoirs and initiate F-BO programs, 
where feasible

• Provide flood system information to local flood emergency responders
• Formalize procedures for enhanced inspection and maintenance

flood System operations and maintenance program/ 
rural agricultural areas

• Work with rural-agricultural communities to develop levee repair standards 
• Repair erosion sites throughout the flood system that were identified by the 

2011 inspection program, before these sites further degrade the integrity of 
the flood control system and require costly repair

• Repair known and documented critical problems, prioritized based on flood 
risks

• Provide all-weather access roads on levee crowns for quick response to flood 
emergencies

• Implement rural levee projects that are consistent with the SSIA, are ready to 
proceed, and are shown to be feasible

floodplain risk management program

• Prepare new flood hazard identification and notification information for 
rural-agricultural community planners and local officials using updated hy-
drology and hydraulic studies

• Work with FEMA to actively engage the agency in floodplain management 
in the Central Valley, including funding for floodproofing homes and struc-
tures in floodplains, relocating structures and homes from deep floodplains, 
and developing a special insurance program for structures located in flood-
plains that play a major role in promoting the vibrant agricultural economy 
in rural areas of the Central Valley
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flood System risk assessment, engineering, feasibility, and permitting

• Launch a major effort to coordinate FloodSAFE activities with all levels of 
USACE, and with Congress to refine USACE feasibility study processes 
under the two State basin-wide feasibility studies, for the purpose of facilitat-
ing timely federal cost-sharing of flood management projects in the Central 
Valley

• Perform two basin-wide feasibility studies: one for the Sacramento River 
Basin and one for the San Joaquin River Basin 

• Initiate feasibility studies and designs for ecosystem projects that are consis-
tent with the SSIA, are ready to proceed, and are shown to be feasible, such 
as the Fremont Weir fish passage project

• Complete the Conservation Strategy 

• Develop a comprehensive fine-scale GIS dataset of riparian vegetation for 
the Central Valley

• On completion of the State basin-wide feasibility studies and refinement of 
the projects, prepare a long-term implementation plan for presentation in the 
2017 CVFPP

• Complete the Financing Plan for the CVFPP in 2013
• Prepare the 2017 update of the CVFPP, identifying flood management im-

provements to be made in the subsequent five-year cycle
• Continue engagement with partners and stakeholders
• Evaluate the feasibility of initiating a program to provide post-flood recovery 

assistance to rural-agricultural areas
• Develop a regional assessment for RAMP
• Provide programmatic permitting for operations and maintenance of the 

flood management system

DWR will continue working with local agencies to implement flood management activities



PUBLIC DRAFT | DECEMBER 2011           PAGE 4–33

SECTION 4.0 | IMPLEMENTING AND MANAGING THE STATE 
SYSTEMWIDE INVESTMENT APPROACH

Flood Risk Reductions Projects Program

• Continue to design and construct projects that are consistent with the SSIA, 
are ready to proceed, and are shown to be feasible, such as levee improve-
ments for high-risk urban and urbanizing areas

• Implement small community projects that are consistent with the SSIA, are 
ready to proceed, and are shown to be feasible

• Acquire lands, rights-of-way, and easements to implement systemwide proj-
ects, including extending and expanding the bypass system and ecosystem 
restoration components, as soon as studies to further refine the locations of 
the lands to be acquired are completed

• Work with local agencies to implement rural-agricultur-
al area flood management activities that are consistent 
with the SSIA, ready to proceed, and are shown to be 
feasible

• Work with local agencies and USACE in completing re-
gional flood management plans with USACE to prepare 
basin-wide feasibility studies

• New Bullards Bar Outlet Modifications Project

4.6 Estimated Costs and   
 Time to Implement
Section 3 presented cost information for the SSIA. Discussion in this section focuses 
on the investment and implementation schedule for the SSIA. 

4.6.1 State Systemwide Investment  
 Approach Cost Estimates
Table 4-1 summarizes costs to implement various elements of the SSIA. 

PLANNING LEVEL COST ESTIMATES

Cost estimates presented in the plan 
are only conceptual and not intended 
for use for a specific project. Actual 
implementation costs will likely be 
higher than estimates in the 2012 CVFPP 
because of future price increases and the 
incremental nature of plan implementation.

Table 4-1.  State Systemwide Investment Approach Cost Estimates by Element

ELEMENT
LOW

ESTIMATE
($ Millions)

HIGH
ESTIMATE

($ Millions)

System Improvements $5,140 to $6,500

Urban Improvements $5,500 to $6,700

Rural-Agricultural Improvements $1,080 to $1,180

Small Community Improvements $690 to $690

Residual Risk Management $1,510 to $1,860

Total $13,920 to $16,910
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These costs are planning level estimates; they are based on 2011 price levels and 
will differ in the future. The estimated distribution of costs among implementation 
regions is shown in Table 4-2. 

The total cost of the SSIA is estimated to be between $14 billion and $17 billion. As 
shown in Figure 4-6, the SSIA invests approximately equally in urban flood protec-
tion and system improvements; this will promote opportunities for flood system 
operational flexibility, ecosystem enhancement, open space, and expansion of the 

flood-carrying capacity of the Central Valley flood  
management system.

Over 23 percent of the total investment will be for the com-
bination of rural-agricultural areas, small communities, and 
residual risk management, primarily designed to improve 
flood risk reduction in rural-agricultural areas. More than 
one third (38 percent) of estimated costs are for the Lower 
Sacramento Region, where flood risks and potential threats 
to lives and economic losses are of the greatest concern.

Full implementation of the SSIA will take 20 to 25 years. 
As shown in Section 4.5, implementation has already begun 
for some features of the SSIA through programs such as the 
Early Implementation Projects Program, which began in 
2007. Additional physical improvements will begin in the 
next cycle of investment (2012 through 2017) and some will 
be completed beyond 2017. A consideration in formulat-
ing the SSIA has been the time that would be required to 
implement the approach. It is estimated that most features of 
the SSIA could be implemented in the next 15 to 20 years, 
assuming State and federal funding will be available in a 
timely manner.

Table 4-2.  State Systemwide Investment Approach Cost Estimates by Region

REGION
LOW

ESTIMATE
($ Millions)

HIGH
ESTIMATE

($ Millions)

1 - Upper Sacramento Region $480 to $610

2 - Mid-Sacramento Region $860 to $1,050

3 - Feather River Region $3,040 to $3,690

4 - Lower Sacramento Region $5,390 to $6,500

5 - Delta North Region $1,770 to $2,060

6 - Delta South Region $580 to $740

7 - Lower San Joaquin Region $730 to $930

8 - Mid - San Joaquin Region $190 to $250

9 - Upper San Joaquin Region $890 to $1,080

Total $13,920 to $16,910

SSIA Investments by SSIA Elements
(in $million)

System 
Improvements

$5,100 to $6,500

Rural-Agricultural/
Small Community

Improvements
$1,800 to $1,900

Urban 
Improvements

$5,500 to $6,700

Residual Risk
Management

$1,500 to
$1,900

Figure 4-6. State Systemwide Investment  
Approach Investments by Element ($ millions)
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4.6.2 Implementation Phasing
Some elements of the SSIA are more complicated and will take longer to develop 
and implement than others. Phasing of system improvements will help accommodate 
the timing of project planning, design, land acquisition, partnering, etc., as well as 
funding availability. Implementation phasing is not, however, intended to expedite 
implementation of some SSIA elements at the expense of other elements. Progress 
will be made with implementation of all elements during each phase of program 
implementation. Each five-year CVFPP update will refine implementation for  
subsequent phases.

• Phase I will generally occur within five years (2012 to 2017) of CVFPP 
adoption. DWR will begin working on priority improvements, such as 
improved flood forecasting and emergency response, land use planning 
initiatives, enhanced operations and maintenance practices, and flood risk 
reduction projects. Physical on-the-ground improvements will focus on 
continued efforts to improve flood risk reduction in urban areas, develop 
small community and rural flood risk reduction projects, repair erosion sites, 
and implement ecosystem improvements, where feasible. The Conservation 
Strategy will be developed, and feasibility evaluations and land acquisitions 
for expansion of the bypasses will be initiated. A more detailed list of activi-
ties for Phase I is presented in Section 4.5.

• Phase II will include broad flood system improvements with an emphasis on 
improving the operational flexibility of the flood management system. Work 
will include F-BO of reservoirs and construction of levee setbacks. Work on 
modifying flood control structures, such as weirs, gates, and pumping plants, 
will be undertaken to further add flexibility to flood system operations. 
Work to reduce flood risks in urban areas, rural-agricultural areas, and small 
communities will continue. Design and construction of levee setbacks and 
bypasses will be initiated. Improvements for rural-agricultural areas will also 
be initiated, where feasible. 

• Phase III will include completing system improvements with an emphasis 
on reducing peak flood stages throughout large areas of the system. Many 
Phase III activities require a much longer period of planning and design 
preparation. Although these activities will be initiated in early phases, during 
Phase III, implementation of major system improvement elements, such as 
expansion of bypasses, construction of new bypasses, and implementation of 
the Conservation Strategy, will be completed.

Each phase of implementation will generally require the reevaluation of components 
of the SSIA, including prioritizing policies, programs, and project elements that 
provide the greatest benefit to public safety, environmental quality, and California’s 
economy. Work on all phases will occur at the same time, but the emphasis changes. 
For example, emphasis during the first five years will be on foundation improve-
ments. During the following five years, the emphasis will be on implementing im-
provements in Phase II, with emphasis on increasing flood system flexibility. Priori-
tizing investments in facilities will also be based on population and assets at risk.



2012 CENTRAL VALLEY FLOOD PROTECTION PLAN

 PAGE 4–36          PUBLIC DRAFT | DECEMBER 2011

Phased implementation recognizes that some projects are more complicated and re-
quire more time to complete, and that the need for some projects is more immediate 
than for others. Phased implementation also allows time for incremental funding and 
for CVFPP updates to incorporate improved understanding of the flood system over 
time. Each five-year update of the CVFPP will track ongoing and completed projects 
and programs and refine subsequent implementation actions.

As implementation phasing continues and elements of the SSIA are completed, the 
benefit-cost ratio of remaining elements may decrease; this is because project ele-
ments with higher benefit-cost ratios will likely be implemented earlier. It is im-
portant to recognize that the SSIA is an integrated approach to flood management, 
and that each element contributes to the overall goals of the CVFPP and should be 
holistically implemented. Accordingly, federal and State representatives will need to 
work together to quickly develop and gain approval for a “program” implementation 
process that accommodates incremental implementation of project elements toward 
the overall flood risk reduction and ecosystem restoration goals of the SSIA.

4.7 Financing Strategy for  
 Implementing State Systemwide  
 Investment Approach
Implementation of the CVFPP began in January 2007 when 
bond funding became available. Since that time, DWR has 
invested in prudent Central Valley flood risk reduction proj-
ects and programs in advance of the CVFPP. For example, 
improvements in maintenance, emergency response, and repair 
of critically eroding levees, floodplain delineation, levee inves-
tigations, and upgraded levees for urban areas were important 
investments, integral to the SSIA, that could be made while 
the CVFPP was being prepared. The strategy for investing in 
projects that are ready to move forward, are feasible, and are 
considered to be consistent with the CVFPP Goals will continue 
during the next five years while detailed, basin-wide feasibility 
studies are completed. Implementation is based on phasing – 
prioritizing funding for the most critical actions, while setting 
the foundation for flood system improvement and developing 
more detailed feasibility studies to support the SSIA.

The Central Valley Flood Protection Act of 2008 requires DWR 
to prepare a Financing Plan for the CVFPP. Following adop-
tion of the CVFPP in 2012, DWR will prepare a framework for 
financing projects at a regional level. DWR will use the infor-
mation gathered from preparation of the framework to prepare 
the Financing Plan for the CVFPP that will guide investment in 
flood risk management in the Central Valley during the next 20 
years. The Financing Plan will be available in 2013, after adop-

CENTRAL VALLEY FLOOD PROTECTION 
ACT OF 2008

 California Water Code Section 9616 (a) 
“The plan shall…
(13) Provide a feasible, comprehensive, and 
long-term financing plan for implementing 
the plan.”

The CVFPP includes a flood risk reduction 
financing strategy founded on  
the following:

•	 Flood management is a shared responsibil-
ity among federal, State, and local agen-
cies, with the cost of improvement shared 
by all partners

•	 Interest and ability of the partnering agen-
cies to participate and fund the projects

•	 Broad evaluation of system benefits 

•	 Strong interest in achieving greater flood 
system reliability and sustainability

•	 Commitment to improve system operations 
and maintenance 

•	 Need to continue to manage residual risk

•	 Commitment to conservation and enhance-
ment of environmental quality, especially 
remnant riparian vegetation that grows in 
channels and on levees of Central Valley 
rivers and streams
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tion of 2012 CVFPP. The Financing Plan is critical to implementation, given the 
uncertainty in State, federal, and local agency budgets and cost-sharing capabilities. 

The following sections describe preparation of near-term and long-term financing 
plans for the CVFPP.

4.7.1 Funding for State Systemwide  
 Investment Approach Implementation
A mix of federal, State, and local funds will be needed to implement the SSIA. 
Funding sources will vary according to the type of project or program, beneficiaries, 
availability of funds, urgency, and other factors. Cost-sharing among State, federal, 
and local agencies may also change depending on project objectives and agency 
interests. A legislative requirement for Proposition 1E funds is to maximize, to the 
extent feasible, federal and local cost-sharing in flood manage-
ment projects. Cost-sharing rules are governed by federal and 
State laws, regulations, and policies, which continue to evolve 
over time. The geographic extent and magnitude of project 
benefits must be evaluated to identify potential beneficiaries on 
a regional or systemwide scale. The intent of the CVFPP is to 
support equitable distribution of project costs among beneficia-
ries, encourage projects that provide benefits outside their im-
mediate locales, and help achieve added flexibility in the SPFC. 
The State proposes to place a priority on funding and providing 
a greater cost-share for flood management improvement proj-
ects that provide multiple benefits.

Table 4-1 shows the funding required to implement various 
elements of the SSIA, and the specific flood management 
programs established to successfully implement the SSIA ele-
ments. Table 4-3 presents planning estimates for an equitable 
distribution of expenditures among State, federal, and local 
agencies over time. This distribution is based on a traditional 
cost-sharing formula, assuming local and federal interest in 
some of the SSIA elements, and recognizing that State, federal, 
and local agency interests may vary depending on the type of 
investment and results of feasibility studies. For example, Table 
4-3 is based on local agencies having an interest in investing in 
their respective urban areas and small communities to reduce flood risks, while they 
may not be fully interested in investing in system improvement components of the 
SSIA. Similarly, USACE may have an interest in investing in urban flood risk reduc-
tion while its interest in system improvement components may be limited to specific 
actions such as ecosystem restoration. The State has an interest in implementing 
a robust flood emergency response program and expects to fund most of the flood 
emergency response activities proposed for implementation (some local cost-sharing 
may be required).  Cost-sharing for implementation of the SSIA will be refined dur-
ing feasibility studies and project implementation as additional project-level infor-
mation is gathered and the interests of the partnering agencies in elements of the 

California Water Code Section 12585.7 
identifies the State cost-share of nonfeder-
al capital costs for flood management proj-
ects.  The State normally pays 50 percent 
of the nonfederal cost-share, but will pay 
up to 20 percent more (for a maximum of 70 
percent of the nonfederal cost-share) if the 
project makes significant contributions to 
other objectives, including the following:

•	 Enhancement, protection, and restora-
tion of endangered species and riparian, 
aquatic, or other important habitats

•	 Open space

•	 Recreational opportunities

•	 Flood control for communities with median 
household income less than 120 percent of 
the poverty level

•	 Flood control for State transportation infra-
structure or water supply facilities
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SSIA are identified. In general, a cost-sharing arrangement among State, federal, and 
local agencies will be needed to implement the projects.

It is expected that FEMA will play an active role in, and provide funding assistance 
for, floodplain management activities formulated in the SSIA, including floodproof-
ing of rural-agricultural homes and structures, and relocating rural homes from  
deep floodplains. 

Figure 4-7 illustrates the potential allocation of SSIA costs to 
State, federal, and local interests.  Federal cost-sharing for capi-
tal improvements will be based on results of feasibility studies, 
and cost-sharing amounts will vary depending on the mix of 
purposes included in a project. For example, the federal cost-
share for ecosystem restoration projects can be as much as 50 
to 65 percent for urban flood risk reduction projects. Costs that 
do not qualify for federal cost-sharing include lands, easements, 
relocations, operations and maintenance, and other costs that 
must be paid by nonfederal sponsors. Water supply, recreation, 
or other benefits included in flood risk reduction projects can 
further modify federal cost-sharing. State cost-sharing of the 
nonfederal costs also depends on the mix of project purposes. 
Adequate funding from local agencies may require creation of 
assessment districts to implement capital improvements or to 
support effective, efficient, and improved system operations and 
maintenance.

4.7.2 Financing of Central Valley Flood  
  Protection Plan (through 2017  
  and beyond)
The State may have to rely more heavily on State bond fund-
ing to finance flood risk reduction projects until more federal 
funding becomes available. Propositions 84 and 1E provided 
$4.9 billion for flood risk reduction in California, of which $3.0 
to $3.3 billion could be used for flood risk reduction in areas 
protected by facilities of the SPFC. The remaining bond fund-
ing was allocated to statewide flood risk reduction (including 
the Statewide Subventions Program, Stormwater Management 
Program, and flood risk reduction in the Delta). The State has 
already invested $1.6 billion over the last five years. Addition-

ally, $1.5 billion to $1.7 billion of bond funding are already authorized and avail-
able for implementing flood risk reduction projects associated with the SPFC. It is 
estimated that local agencies, through assessments, will provide their share of the 
cost of about $0.5 billion from 2012 through 2017. DWR needs to work closely with 
USACE and Congress to obtain at least $1 billion in appropriations through 2017. 
The combination of State, federal, and local funding sources could provide about $3 
billion for the next phase of implementation, until more robust federal financing is 
available.

Figure 4-7. State Systemwide Investment  
Approach Potential Cost-Sharing by Agency 
(% and $ millions) 

STATE SYSTEMWIDE INVESTMENT  
APPROACH IMPLEMENTATION

The State will need to present a General 
Obligation Bond Law to voters to provide 
an additional $4 to $5 billion to cover the 
remaining State’s share of investment in 
the flood reduction projects outlined  
in SSIA.

SSIA Investments by Agency Level
(in $million)

Local
8%

$1,090 to
$1,310

State
46%

$6,400 to $7,700Federal
46%

$6,400 to $7,900



PUBLIC DRAFT | DECEMBER 2011           PAGE 4–39

SECTION 4.0 | IMPLEMENTING AND MANAGING THE STATE 
SYSTEMWIDE INVESTMENT APPROACH

FL
O

O
D

M
A

N
A

G
EM

EN
T

P
R

O
G

R
A

M
S

FL
O

O
D

EM
ER

G
EN

C
Y

R
ES

P
O

N
S

E

FL
O

O
D

 S
Y

S
TE

M
 

O
P

ER
A

TI
O

N
S

 A
N

D
 

M
A

IN
TE

N
A

N
C

E

FL
O

O
D

P
LA

IN
R

IS
K

M
A

N
A

G
EM

EN
T

FL
O

O
D

 S
Y

S
TE

M
 

A
S

S
ES

S
M

EN
T,

 
EN

G
IN

EE
R

IN
G

, 
FE

A
S

IB
IL

IT
Y,

 A
N

D
 

P
ER

M
IT

TI
N

G

FL
O

O
D

 R
IS

K
R

ED
U

C
TI

O
N

P
R

O
JE

C
TS

TO
TA

L

Lo
w

   
   

   
   

  H
ig

h
Lo

w
   

   
   

   
  H

ig
h

Lo
w

   
   

   
   

  H
ig

h
Lo

w
   

   
   

   
  H

ig
h

Lo
w

   
   

   
   

  H
ig

h
Lo

w
   

   
   

   
  H

ig
h

2
0

0
7

–2
01

1

S
ta

te
$

6
4

$
18

0
$

9
9

$
2

5
7

$
1

,0
3

2
$

1
,6

3
2

Fe
d

e
ra

l1
–

–
–

$
16

0
$

6
2

0
$

7
8

0

Lo
ca

l
–

–
–

$
4

0
$

4
5

0
$

4
9

0

S
u

b
to

ta
l

$
6

4
$

18
0

$
9

9
$

4
5

7
$

2
,1

0
2

$
2

,9
0

2

2
01

2
–2

01
7

S
ta

te
$

13
0

  
 t

o
  

 $
14

0
$

3
0

  
 t

o
  

 $
6

0
$

3
0

  
 t

o
  

 $
4

0
$

17
0

  
 t

o
  

 $
2

0
0

$
1

,1
4

0
  

 t
o

  
 $

1
,3

0
0

$
1

,5
0

0
  

 t
o

  
 $

1
,7

3
0

Fe
d

e
ra

l
–

$
2

0
  

 t
o

  
 $

4
0

$
7

0
  

 t
o

  
 $

9
0

$
2

3
0

  
 t

o
  

 $
2

7
0

$
1

,1
9

0
  

 t
o

  
 $

1
,3

4
0

$
1

,5
0

0
  

 t
o

  
 $

1
,7

4
0

Lo
ca

l
–

$
10

  
 t

o
  

 $
10

–
$

5
0

  
  

to
  

  
$

6
0

$
14

0
  

  
to

  
  

$
2

2
0

$
19

0
  

  
to

  
  

$
2

9
0

S
u

b
to

ta
l

$
13

0
  

 t
o

  
 $

14
0

$
6

0
  

 t
o

  
 $

11
0

$
10

0
  

to
  

$
13

0
$

4
5

0
  

 t
o

  
 $

5
3

0
$

2
,4

7
0

  
 t

o
  

 $
2

,8
6

0
$

3
,2

10
  

 t
o

  
 $

3
,7

7
0

2
01

8
 a

n
d

B
e

y
o

n
d

S
ta

te
$

2
9

0
  

 t
o

  
 $

3
10

$
2

0
  

 t
o

  
 $

5
0

 $
6

0
  

 t
o

  
 $

12
0

$
2

7
0

  
 t

o
  

 $
4

2
0

$
2

,6
3

0
  

 t
o

  
 $

3
,4

4
0

$
3

,2
7

0
  

 t
o

  
 $

4
,3

4
0

Fe
d

e
ra

l
–

$
13

0
  

 t
o

  
 $

16
0

$
3

4
0

  
 t

o
  

 $
4

5
0

$
5

9
0

  
 t

o
  

 $
74

0
$

3
,0

9
0

  
 t

o
  

 $
4

,0
2

0
$

4
,1

5
0

  
 t

o
  

 $
5

,3
7

0

Lo
ca

l
–

$
5

0
  

 t
o

  
 $

6
0

–
$

12
0

  
 t

o
  

 $
15

0
$

2
3

0
  

  
to

  
  

$
3

2
0

$
4

10
  

  
to

  
  

$
5

3
0

S
u

b
to

ta
l

$
2

9
0

  
 t

o
  

 $
3

10
$

2
0

0
  

 t
o

  
 $

2
7

0
$

4
0

0
  

 t
o

  
 $

5
7

0
  

$
9

8
0

  
 t

o
  

$
1

,3
10

$
5

,9
5

0
  

 t
o

  
 $

7,
7

8
0

$
7,

8
3

0
  

 t
o

  
 $

10
,2

4
0

To
ta

l

S
ta

te
$

4
8

0
  

 t
o

  
 $

5
10

$
2

3
0

  
 t

o
  

 $
2

9
0

$
19

0
  

 t
o

  
 $

2
6

0
$

7
0

0
  

 t
o

  
 $

8
8

0
$

4
,8

0
0

  
 t

o
  

 $
5

,7
7

0
$

6
,4

0
0

  
 t

o
  

 $
7,

7
0

0

Fe
d

e
ra

l
–

$
15

0
  

 t
o

  
 $

2
0

0
$

4
10

  
 t

o
  

 $
5

4
0

  
$

9
8

0
  

 t
o

  
$

1
,1

7
0

$
4

,9
0

0
  

 t
o

  
 $

5
,9

8
0

$
6

,4
3

0
  

 t
o

  
 $

7,
8

9
0

Lo
ca

l
–

$
6

0
  

 t
o

  
 $

7
0

–
$

2
10

  
 t

o
  

 $
2

5
0

$
8

2
0

  
 t

o
  

 $
9

9
0

$
1

,0
9

0
  

 t
o

  
 $

1
,3

10

S
u

b
to

ta
l

$
4

8
0

  
 t

o
  

 $
5

10
$

4
4

0
  

 t
o

  
 $

5
6

0
$

6
0

0
  

 t
o

  
 $

8
0

0
$

1
,8

9
0

  
to

  
 $

2
,3

0
0

$
10

,5
2

0
  

to
  

$
12

,7
4

0
$

13
,9

2
0

  
to

  
$

16
,9

10

1  F
ed

er
al

 a
nd

 lo
ca

l p
ro

je
ct

 c
os

t-
sh

ar
es

 fo
r 

20
07

 –
 t

o 
20

11
 w

er
e 

es
tim

at
ed

.

Ke
y:

S
ta

te
 =

 S
ta

te
 o

f 
C

al
ifo

rn
ia

Ta
bl

e 
4-

3.
  S

ta
te

 S
ys

te
m

w
id

e 
In

ve
st

m
en

t A
pp

ro
ac

h 
Ra

ng
e 

of
 In

ve
st

m
en

ts
 o

ve
r T

im
e 

($
 m

ill
io

ns
)



2012 CENTRAL VALLEY FLOOD PROTECTION PLAN

 PAGE 4–40          PUBLIC DRAFT | DECEMBER 2011

Beyond 2017, an additional $8 billion to $10 billion will be needed for implement-
ing the SSIA (See Table 4-3).  Table 4-4 summarizes the State’s share of investments 
to implement the SSIA, ranging from $6.4 to $7.7 billion.  Considering that the State 
already has authorized bond funding of over $3.0 to $3.3 billion to implement the 
SSIA, an additional bond measure will be needed to cover the remaining $4 to $5 
billion of the State’s share.

During the next five years (2013 through 2017), the State must work diligently with 
its federal and local partners and the Legislature to overcome several challenges that 
influence investment in flood risk reduction projects:

• Limited State, federal, and local funding for cost-sharing
• Changing regulations
• Resource intensive and time consuming federal feasibility study processes 
• Need to fund ongoing implementation programs in addition to new  

capital projects 
These challenges are further discussed in the next sections.

4.8 Central Valley Flood Protection Plan  
 Approvals and Partner  
 Roles and Responsibilities
DWR and the Board are the State lead agencies for implementing the SSIA and pre-
paring the five-year CVFPP updates. It is the intent of the State that all major flood 
management programs and projects in the Central Valley be planned and implement-
ed consistent with the vision, overall goals, and provisions of the evolving CVFPP.  
Ensuring consistency between the CVFPP and its program elements and projects 
over time will be the responsibility of the State through the continued partnership of 
DWR and the Board.

Table 4-4.  State Investments over Time ($ millions)

FLOOD MANAGEMENT PROGRAMS 2007 – 11 2012 – 2017 2018 AND BEYOND TOTAL

Flood Emergency Response $64 $130    to    $140 $290    to    $310 $480    to    $510

Flood System Operations and
Maintenance $180 $30     to     $60 $20     to     $50 $230    to    $290

Floodplain Risk Management $99 $30     to     $40  $60     to    $120 $190    to    $260

Flood System Assessment,
Engineering, Feasibility, and
Permitting

$257 $170    to    $200 $270    to    $420 $700    to    $880

Flood Risk Reduction Projects $1,032 $1,140   to   $1,300 $2,630   to   $3,440 $4,800   to   $5,770

System Improvement Costs $350 $495    to    $565 $1,155   to   $1,610 $1,995   to   $2,525

Urban Improvement Costs $550 $545    to    $620 $445    to    $730 $1,535   to   $1,900

Rural-Agricultural Area and Small 
Community Improvement Costs $132 $105    to    $120 $1,040   to   $1,095 $1,275   to   $1,345

Total $1,632 $1,500   to   $1,730 $3,270   to   $4,340 $6,400   to   $7,700
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DWR will also work closely with USACE and the Board in developing the federal 
CVIFMS and the two State basin-wide feasibility studies.  In addition, the State is 
partnering with USACE on a number of regional feasibility and post-authorization 
scope-change investigations aimed at further modifying the flood management 
system. Findings and recommendations from these regional investigations will be 
included in the two State feasibility studies.  Future modifications to the SPFC  
originating from the CVFPP will primarily be identified through the two State  
feasibility studies.

Flood system improvement requires a coordinated partnership of federal, State, and 
local agencies. DWR will continue its tradition of working closely with federal and 
local partners to improve flood protection in the Central Valley.

4.9 Implementation Challenges and  
 Uncertainties
Many challenges and uncertainties arise during the implementation of any large-
scale program. These can include funding availability; federal and state government 
budgetary issues; future economic activities and inflation; and changes to federal 
programs, policies, and permitting. 

Potential challenges and uncertainties are briefly described below:

• Funding availability – Implementation of SSIA will require an investment 
of $14 billion to $17 billion, shared by federal, State, and local agencies.  
Through Propositions 84 and 1E, the State has provided approximately $5 
billion for flood management activities, of which $3.0 billion are allocated 
for implementing the SSIA. An additional $11 to$14 billion will be needed 
during the next 20 years from federal, State, and local sources. It is anticipat-
ed that another State bond measure will be required to augment federal and 
local agency funding. The amount of funding available from these sources 
and timing of the funding are unknown at this time.

• Federal, State, and local agencies budgetary issues – Flood management 
in California is a shared responsibility among federal, State, and local agen-
cies. These agencies face daunting challenges in balancing their budgets. 
Shortfalls in State and local agency budgets and the federal deficit are issues 
of great concern in planning for implementation of a program that solely 
relies on cost-sharing from various level of government funding.

• Economic activities – Cost estimates presented in the CVFPP are based on 
2011 level costs and, therefore, do not reflect future costs of implementa-
tion. Future costs and corresponding funding needs are, among other factors, 
dependent on future inflation rates and the time needed to implement the 
SSIA. Economic activities also influence competition and bidding conditions 
among the contractors who would build the future improvements to  
the SPFC.



2012 CENTRAL VALLEY FLOOD PROTECTION PLAN

 PAGE 4–42          PUBLIC DRAFT | DECEMBER 2011

• Federal programs, policies, and permitting – Many federal programs, 
policies, and permitting processes administered by USACE affect imple-
mentation of flood risk reduction programs. The following summarizes the 
potential impacts of USACE policies and programs on implementation of 
the SSIA:

 »  Section 408 – Under Section 408 of the Rivers and Harbors Act 
of 1899, the Secretary of the Army has the authority to regulate 
all significant modifications to a USACE civil works project.  To 
issue a Section 408 permit, the Secretary must determine that a 
modification will not impair the usefulness of a federal project and 
will not be injurious to the public interest. Thus, such modifica-
tions, when approved, will be subject to requirements established 
by USACE related to acceptable design criteria and all associated 
environmental constraints.  Since 2006, USACE has developed 
new, stringent guidance for Section 408 permitting authority, 
which has resulted in significant cost and schedule impacts on 
recent projects.

 » Section 104 Credit – In May 2011, the Assistant Secretary of the 
Army for Civil Works (ASA-CW) declared that USACE will no 
longer accept Section 104 credit applications.  The ASA-CW in-
dicated that more recent crediting language included in the Water 
Resources Development Act of 2007 was a more modern tool.  
Furthermore, the change would address a USACE concern that 
Section 104 credit letters, because they can be issued early in the 
federal project implementation process, can encourage nonfederal 
sponsors to distort the federal project formulation process and 
pursue a credit that may be unlikely to materialize. Specifically, 
USACE intends to use Section 221 of the Flood Control Act of 
1970, as amended by Section 2003 of Water Resources Develop-
ment Act of 2007, which under current guidance requires comple-
tion of a federal decision document (USACE Chief of Engineers 
Report) for a proposed project before to approval for credit.  This 
USACE guidance policy is likely to have a chilling effect on local 
efforts to expedite urgently needed flood risk reduction projects, 
which will ultimately affect schedules for project execution in the 
Central Valley.

 »  Levee Vegetation Policy – The current USACE levee vegetation 
policy has impacted progress in implementing flood risk reduction 
projects during the last three years, as sponsors have attempted to 
comply with those requirements. The State believes that strict com-
pliance with the policy would be cost-prohibitive, disastrous for 
the ecosystem, and detrimental to public safety because it redirects 
funding from more critical problems unless a workable systemwide 
variance process is established by USACE.   
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SECTION 4.0 | IMPLEMENTING AND MANAGING THE STATE 
SYSTEMWIDE INVESTMENT APPROACH

 » Feasibility Studies – The current USACE feasibility study process 
is a time-consuming and expensive way of implementing fragment-
ed projects, and is inconsistent with the reality that many system-
wide projects have multiple sponsors, each with its own require-
ments. In the case of the SSIA, there is an opportunity for USACE 
to work with the State to demonstrate federal interest in improving 
flood protection through a systemwide approach. This approach 
has the potential to benefit State, federal, and local interests. 

 » Reservoir Operations – Revisions to reservoir Water Control 
Manuals will require USACE participation and/or review, as well 
as appropriate environmental documentation. Changes to federal 
projects will require action by Congress.

 » Technical challenges – Many technical challenges also lie ahead. 
Better understanding of climate change and development of the 
appropriate adaptive strategy to address it, adequate technical 
information for project decision making, and other similar issues 
should be resolved over time as regional and basin-wide feasibility 
evaluations move forward.

These issues can add considerably to costs, uncertainty, and time needed for project 
implementation. FloodSAFE and other State officials plan to actively engage  
USACE and Congress to resolve these issues to support future implementation of 
the SSIA.

Many flood management challenges lie ahead and require diligent collaboration and 
effective partnerships to be overcome. The CVFPP reflects the State’s effort to take 
a balanced approach to achieving the objectives established in the Central Valley 
Flood Protection Act of 2008 as well as the primary and supporting goals defined in 
the initial phase of CVFPP formulation.
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5.0 ACRONYMS AND  
 ABBREVIATIONS
ASA-CW .................................Assistant Secretary of the Army for Civil Works
Board .....................................Central Valley Flood Protection Board
cfs ..........................................cubic feet per second
CMP .......................................Corridor Management Plan
Conservation Strategy ...........Central Valley Flood System Conservation Strategy
CVFPP ....................................Central Valley Flood Protection Plan
CVIFMS .................................Central Valley Integrated Flood Management Study
CWC ......................................California Water Code
Delta ......................................Sacramento-San Joaquin Delta
DWR ......................................California Department of Water Resources
EAD .......................................expected annual damages
ETL ........................................Engineering Technical Letter
F-BO .......................................Forecast-Based Operations
F-CO .......................................Forecast-Coordinated Operations
FEMA .....................................Federal Emergency Management Agency
FloodSAFE .............................FloodSAFE California
FPZ ........................................Flood Protection Zone
Framework Agreement ..........California’s Central Valley Flood System  
                                               Improvement Framework Agreement
ft ............................................feet
GIS .........................................geographic information system
HEC-FDA ................................USACE Hydrologic Engineering Centers  
                                               Flood Damage Analysis
LCM .......................................Life Cycle Management
O&M ......................................operations and maintenance
PGL ........................................Policy Guidance Letter
Proposition 1E .......................Disaster Preparedness and Flood Prevention  
                                               Bond Act of 2006 
Proposition 84 ........................Safe Drinking Water, Water Quality and Supply,  
                                               Flood Control, River and Coastal Protection  
                                               Bond Act of 2006
RAMP ....................................Regional Advance Mitigation Planning
Reclamation ...........................U.S. Department of the Interior,  
                                               Bureau of Reclamation
SPA ........................................Systemwide Planning Area
SPFC ......................................State Plan of Flood Control
SSIA .......................................State Systemwide Investment Approach 
State ......................................State of California
USACE ...................................U.S. Army Corps of Engineers
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Cover Photo: Sacramento Weir (December 24, 1964), DWR Photo Lab

The Sacramento Weir and Bypass discharges excess flows from the

Sacramento River (on the left) into the Yolo Bypass (not shown).  

The 1964-65 water year was marked by one of the most disastrous floods in California’s history.
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Legislative Reference 
The California Department of Water Resources (DWR) prepared the Central Valley Flood 
Protection Plan (CVFPP) pursuant to authorizing legislation as presented in Senate Bill 5, and 
subsequently described in the California Water Code. 

Part 6 of Senate Bill 5 was divided into three Chapters: 

 Chapter 1. General Provisions – This chapter covers California Water Code Sections 9600 
through 9603. 

 Chapter 2. Plan Development – This chapter covers California Water Code Sections 9610 
through 9616. 

 Chapter 3. Plan Implementation – This chapter covers California Water Code Sections 9620 
through 9625. 

During development of the CVFPP, DWR prepared several supporting documents and evaluations 
that collectively meet the provisions of the above mentioned sections of the California Water 
Code. 

The following matrix presents the text of each water code section along with a summary of how 
DWR is responding to the legislative provisions as part of CVFPP development. 
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9600.  This act shall be known and may be cited as the Central Valley 
Flood Protection Act of 2008. 

The CVFPP was prepared for submission 
to the Central Valley Flood Protection 
Board (Board) pursuant to the California 
Central Valley  Flood Protection Act of 
2008 

9601.  The Legislature finds and declares all of the following: 
   (a) The Central Valley of California is experiencing unprecedented 
development, resulting in the conversion of historically agricultural lands 
and communities to densely populated residential and urban centers. 
   (b) The Legislature recognizes that by their nature, levees, which are 
earthen embankments typically founded on fluvial deposits, cannot offer 
complete protection from flooding, but can decrease its frequency. 
   (c) The Legislature recognizes that the level of flood protection 
afforded rural and agricultural lands by the original flood control system 
would not be adequate to protect those lands if they are developed for 
urban uses, and that a dichotomous system of flood protection for urban 
and rural lands has developed through many years of practice. 
   (d) The Legislature further recognizes that levees built to reclaim and 
protect agricultural land may be inadequate to protect urban 
development unless those levees are significantly improved. 
   (e) Cities and counties rely upon federal flood plain information when 
approving developments, but the information available is often out of 
date and the flood risk may be greater than that indicated using available 
federal information. 
   (f) The Legislature recognizes that the current federal flood standard is 
not sufficient in protecting urban and urbanizing areas within flood prone 
areas throughout the Central Valley. 
   (g) Linking land use decisions to flood risk and flood protection 
estimates comprises only one element of improving lives and property in 
the Central Valley. Federal, state, and local agencies may construct and 
operate flood protection facilities to reduce flood risks, but flood risks will 
nevertheless remain for those who choose to reside in Central Valley 
flood plains. Making those flood risks more apparent will help ensure that 
Californians make careful choices when deciding whether to build homes 
or live in Central Valley flood plains, and if so, whether to prepare for 
flooding or maintain flood insurance. 

The essence of these Legislative findings 
is provided as background within Chapter 
1 of the CVFPP. These Legislative 
findings influenced the selection of the 
physical elements of the CVFPP 
(Chapter 3). The findings also influenced 
the programs and policies for 
implementing and managing the CVFPP 
into the future (Chapter 4).   
During preparation of the CVFPP, DWR 
worked with stakeholders to define 
existing regional conditions and likely 
future challenges; identify problems and 
opportunities from various perspectives; 
and define goals, principles, and 
objectives to guide development and 
implementation of the CVFPP.  The 
Legislative findings aided in preparing 
this regional work. 

9602.  Unless the context requires otherwise, the definitions set forth in 
this section govern the construction of this part. 
   (a) "Board" means the Central Valley Flood Protection Board. 
   (b) "Plan" means the Central Valley Flood Protection Plan. 
   (c) "Project levee" means a levee that is part of the facilities of the 
State Plan of Flood Control. 
   (d) "Public safety infrastructure" means public safety infrastructure 
necessary to respond to a flood emergency, including, but not limited to, 
street and highway evacuation routes, public utilities necessary for public 
health and safety, including drinking water and wastewater treatment 
facilities, and hospitals. 
   (e) "Sacramento-San Joaquin Valley" means lands in the bed or along 
or near the banks of the Sacramento River or San Joaquin River, or their 
tributaries or connected therewith, or upon any land adjacent thereto, or 
within the overflow basins thereof, or upon land susceptible to overflow 
therefrom. The Sacramento-San Joaquin Valley does not include lands 
lying within the Tulare Lake basin, including the Kings River. 
   (f) "State Plan of Flood Control" has the meaning set forth in 

All definitions specified in this section of 
CWC are adhered to throughout the 
2012 Central Valley Flood Protection 
Plan, 2012 CVFPP Supporting Technical 
Analyses and Documentation, and 2012 
CVFPP Companion Documents. 
To avoid confusion with other plans, the 
acronym “CVFPP” is used throughout the 
Central Valley Flood Protection Plan in 
the place of “Plan. 
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subdivision (j) of Section 5096.805 of the Public Resources Code. 
   (g) "System" means the Sacramento-San Joaquin River Flood 
Management System described in Section 9611. 
   (h) "Urban area" has the same meaning as that set forth in subdivision 
(k) of Section 5096.805 of the Public Resources Code. 
   (i) "Urban level of flood protection" means the level of protection that is 
necessary to withstand flooding that has a 1-in-200 chance of occurring 
in any given year using criteria consistent with, or developed by, the 
department. 
9603.  (a) The Central Valley Flood Protection Plan shall be a descriptive 
document, and neither the plan nor anything in this part shall be 
construed to expand the liability of the state for the operation or 
maintenance of any flood management facility beyond the scope of the 
State Plan of Flood Control, except as specifically determined by the 
board pursuant to Section 9611. Neither the development nor the 
adoption of the Central Valley Flood Protection Plan shall be construed 
to constitute any commitment by the state to provide, to continue to 
provide, or to maintain at, or to increase flood protection to, any 
particular level. 
   (b) The Central Valley Flood Protection Plan reflects a systemwide 
approach to protecting the lands currently protected from flooding by 
existing facilities of the State Plan of Flood Control. Any flood protection 
benefits accruing to lands or communities outside the State Plan of Flood 
Control are incidental and shall not constitute any commitment by the 
state to provide, to continue to provide, or to maintain at, or to increase 
flood protection to, any particular level. 

Given that the CVFPP is a broad plan 
that requires additional feasibility studies 
to further develop specific physical 
improvements to the SPFC. Therefore, 
the CVFPP makes no commitments to 
any system modifications, but just 
presents a plan that needs approval and 
adoption by the Central Valley Flood 
Protection Board (Board) and 
confirmation by feasibility studies. 
The CVFPP focuses on improvements to 
existing State Plan of Flood Control 
(SPFC) facilities and specifically 
excludes improvements to non-SPFC 
facilities. However, the Board may 
choose to expand the scope pursuant to 
Section 9611. 

9610.  (a) (1) By July 1, 2008, the department shall develop preliminary 
maps for the 100- and 200-year flood plains protected by project levees. 
The 100-year flood plain maps shall be prepared using criteria developed 
or accepted by the Federal Emergency Management Agency (FEMA). 
   (2) The department shall use available information from the 2002 
Sacramento-San Joaquin River Basin Comprehensive Study, preliminary 
and regulatory FEMA flood insurance rate maps, recent flood plain 
studies, and other sources to compile preliminary maps. 

DWR has published a series of best 
available maps to the public in 2008. 
These maps are available on DWR 
website. 

   (3) The department shall provide the preliminary maps to cities and 
counties within the Sacramento-San Joaquin Valley for use as best 
available information relating to flood protection. 
   (4) The department shall post this information on the board's Internet 
Web site and may periodically update the maps as necessary. 

DWR has published the awareness 
floodplain maps and is available on DWR 
website. 

   (b) By July 1, 2008, the department shall give notice to cities in the 
Sacramento-San Joaquin Valley outside areas protected by project 
levees regarding maps and other information as to flood risks available 
from the Federal Emergency Management Agency or another federal, 
state, or local agency. 

In August 2008, DWR provided 
preliminary maps (as map books in CD’s) 
to 91 cities and 32 counties within the 
Sacramento-San Joaquin Valley for use 
as best available information relating to 
flood protection. DWR’s Floodplain Risk 
Management Branch extended the best 
available mapping project -- and 
developed “statewide” preliminary best 
available maps for 100-, 200-, and 500- 
year floodplains. These maps can be 
accessed by public via a GIS based web 
viewer (developed by the branch) at 
http://gis.bam.water.ca.gov/bam  
In addition, DWR established the Flood 
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Risk Notification Program to increase 
flood risk awareness by effectively 
communicating that risk to individual 
property owners, the public, and local, 
state, and federal agencies. 

    (c) On or before December 31, 2010, the department shall prepare a 
status report on the progress and development of the Central Valley 
Flood Protection Plan pursuant to Section 9612. The department shall 
post this information on the board's Internet Web site, and make it 
available to the public. 

DWR submitted a CVFPP Progress 
Report to the Board in January 2011.  
This report was posted on the Board’s 
website. 

9611.  The Sacramento-San Joaquin River Flood Management System 
comprises all of the following: 
   (a) The facilities of the State Plan of Flood Control as that plan may be 
amended pursuant to this part. 
   (b) Any existing dam, levee, or other flood management facility that is 
not part of the State Plan of Flood Control if the board determines, upon 
recommendation of the department, that the facility does one or more of 
the following: 
   (1) Provides significant systemwide benefits for managing flood risks 
within the Sacramento-San Joaquin Valley. 
   (2) Protects urban areas within the Sacramento-San Joaquin Valley. 

A detailed description of existing flood 
management facilities is included in the 
State Plan of Flood Control Descriptive 
Document, prepared as a companion 
document to the 2012 CVFPP.  
The hydrologic and hydraulic modeling 
conducted for the CVFPP includes SPFC 
and non-SPFC facilities. Reservoirs are a 
prime example of non-SPFC facilities that 
provide systemwide benefits. Throughout 
the CVFPP development, the term is 
used consistently.   

   (c) Upon completion of the Central Valley Flood Protection Plan 
pursuant to this part, the department may identify and propose to the 
board additional structural and nonstructural facilities that may become 
facilities of the State Plan of Flood Control, consistent with the Central 
Valley Flood Protection Plan. The board may add those facilities to the 
State Plan of Flood Control based on a determination showing how the 
facility accomplishes the purposes identified in subdivision (b). 
   (d) For the purposes of subdivision (c), facilities that may become 
facilities of the State Plan of Flood Control include bypasses, floodway 
corridors, flood plain storage, or other projects that expand the capacity 
of the flood protection system in the Sacramento-San Joaquin Valley to 
provide flood protection. 

During development of the CVFPP, DWR 
considered both structural and 
nonstructural elements that may become 
part of the SPFC and included those in 
the CVFPP. Selected elements include 
two new bypasses, new levees needed 
to expand bypasses, new ring levees to 
surround some small communities, 
nonstructural floodproofing for some 
small communities, and changes in 
reservoir operations. Decisions by the 
Board to add these to the SPFC or 
potential other features would likely occur 
after future feasibility studies 
demonstrate viability of these elements 
and after they are constructed.  
No specific floodplain storage was 
included in the plan other than that which 
results from expansion of the floodways. 
However, DWR recognized that the 
Board may choose to add floodplain 
(transitory) storage in areas where there 
are willing sellers. 
DWR also considered improvements to 
existing non-SPFC levees. While DWR 
did not include potential improvements to 
non-SPFC levees in the CVFPP, it did 
acknowledge that it may choose to 
participate in funding improvements to 
these facilities under other State 
programs if improvements are found to 
be feasible. In addition, the Board may 
choose to add some of the non-SPFC 
levees, especially a few miles of non-
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SPFC urban levee in the Stockton area, 
to the SPFC. 

9612.  (a) The department shall prepare, and the board shall adopt, a 
plan identified as the Central Valley Flood Protection Plan in accordance 
with this part. 
   (b) No later than January 1, 2012, the department shall prepare the 
Central Valley Flood Protection Plan in accordance with this part, and 
shall transmit the plan to the board, which shall adopt the plan no later 
than July 1, 2012. 

DWR’s CVFPP will be available to the 
Board no later than January 1, 2012. 
The project schedule then calls for the 
Board to then review, revise, and adopt 
the plan by July 1, 2012. The Board’s 
adoption of the CVFPP is subject to the 
date of compliance with the California 
Environmental Quality Act (CEQA) 
guidelines.  If substantial public 
comments are received which would 
require the CVFPP to be amended, 
additional public notices to comply with 
the CEQA would likely delay the Board’s 
ability to meet the July 1, 2012 date for 
adoption. 

    (c) The board shall hold at least two hearings to receive comments on 
the proposed plan. At least one hearing shall be held in the Sacramento 
Valley and at least one hearing shall be held in the San Joaquin Valley. 
The board shall also accept comments in writing with regard to the 
proposed plan. 
   (d) The board may make changes to the proposed plan to resolve 
issues raised in the hearings or to respond to comments received by the 
board. The board shall publish its proposed changes to the proposed 
plan at least two weeks before adopting the plan. 

The Board recognizes its responsibilities 
for review, revise, and adopt the CVFPP. 

  (e) The plan shall be updated in subsequent years ending in 2 and 7. As shown in Chapter 4 of the CVFPP, 
DWR is planning for the 2017 update of 
the CVFPP and subsequent 5-year 
updates. 

   (f) The department or the board may appoint one or more advisory 
committees to assist in the preparation of the plan. If the department or 
the board appoints one or more advisory committees, the advisory 
committee or committees shall include representation by interested 
organizations. 

During preparation of the CVFPP, DWR 
established and worked with regional 
groups to assist in identifying goals, 
constraints, and potential improvements, 
however, they are not for advisory 
purposes.  
During its review leading to adoption of 
the CVFPP, the Board may decide to 
appoint one or more advisory committees 
to assist in revisions to the plan. 

9613.  (a) Consistent with subdivision (b) of Section 5096.821 of the 
Public Resources Code, the department may implement flood protection 
improvements for urban areas protected by facilities of the State Plan of 
Flood Control before the adoption of Central Valley Flood Protection Plan 
if the director determines, in writing, that all of the following apply: 
   (1) The improvements are necessary and require state funding before 
the completion of the Central Valley Flood Protection Plan prepared 
pursuant to Section 9612. 
   (2) The improvements will reduce or avoid risk to human life in one or 
more urban areas. 
   (3) The improvements will not impair or impede future changes to 
regional flood protection or the Central Valley Flood Protection Plan. 
   (4) The improvements will be maintained by a local agency that has 
committed sufficient funding to maintain both the existing and improved 

Between 2007 and 2012, DWR invested 
approximately $1.6 billion of the bond 
funds approved in 2006 (along with about 
$490 million in local and $780 million in 
federal investments) in projects and 
actions that have reduced flood risk in 
the Central Valley.  Most of these 
physical improvements to urban area 
levees have been made through DWR’s 
Early Implementation Projects program. 
An additional, up to $1.7 billion of bond 
funding is planned to be available during 
the next five years for the CVFPP 
projects. 
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facilities of the State Plan of Flood Control. 
   (5) The affected cities, counties, and other public agencies will have 
sufficient revenue resources for the operation and maintenance of the 
facility. 
   (6) Upon the allocation of funds for a project, the proposed project is 
ready for implementation. 
   (7) The improvements comply with existing law. 
  (b) The flood protection improvements authorized by this section may 
include improvements to specific facilities of the State Plan of Flood 
Control or acquisition of flood easements for floodways that support 
facilities of the State Plan of Flood Control to increase levels of flood 
protection for urban areas in accordance with subdivision (b) of Section 
5096.821 of the Public Resources Code. 

The CVFPP includes both improvements 
to specific improvements and the 
acquisition of easements to support the 
SPFC (Chapters 3 and 4 of CVFPP). 

   (c) The department and the board shall investigate and evaluate the 
feasibility of potential bypasses or floodways that would significantly 
reduce flood stage in the San Joaquin River Watershed, upstream and 
south of Paradise Cut.  

The CVFPP includes evaluation of a new 
bypass in the Lower San Joaquin River 
basin, specifically along Paradise Cut. 
Based on its ability to lower flood stage in 
the Stockton area, the new bypass was 
selected as part of the CVFPP. 

  9614.  The plan shall include all of the following: 
   (a) A description of the Sacramento-San Joaquin River Flood 
Management System and the cities and counties included in the system. 
 

The State Plan of Flood Control 
Descriptive Document (DWR, 2010), a 
companion document to the CVFPP, 
includes descriptions of the SPFC and 
the broader Sacramento-San Joaquin 
River Flood Management System. 

  (b) A description of the performance of the system and the challenges 
to modifying the system to provide appropriate levels of flood protection 
using available information. 

The Flood Control System Status Report 
(FCSSR)(DWR, 2011), a companion 
document to the CVFPP, directly 
describes the performance and 
challenges to modifying the system. 

   (c) A description of the facilities included in the State Plan of Flood 
Control, including all of the following: 
   (1) The precise location and a brief description of each facility, a 
description of the population and property protected by the facility, the 
system benefits provided by the facility, if any, and a brief history of the 
facility, including the year of construction, major improvements to the 
facility, and any failures of the facility. 
   (2) The design capacity of each facility. 
   (3) A description and evaluation of the performance of each facility, 
including the following: 
   (A) An evaluation of failure risks due to each of the following: 
   (i) Overtopping. 
   (ii) Under seepage and seepage. 
   (iii) Structural failure. 
   (iv) Other sources of risk, including seismic risks that the department 
or the board determines are applicable. 
   (B) A description of any uncertainties regarding performance capability, 
including uncertainties arising from the need for additional engineering 
evaluations or uncertainties arising from changed conditions such as 
changes in estimated channel capacities. 

The State Plan of Flood Control 
Descriptive Document provides the 
descriptions of the existing SPFC and the 
broader system.  
The FCSSR describes the performance 
of each facility. Many of the evaluations 
for the Flood Control System Status 
Report were conducted by DWR’s Urban 
Levee Evaluations (ULE) program and 
the Nonurban Levee Evaluations 
Program (NULE). Levees requiring 
additional evaluation because of lack of 
data or other uncertainties are identified 
by these evaluations and in the FCSSR. 

    (d) A description of each existing dam that is not part of the State Plan 
of Flood Control that provides either significant systemwide benefits for 
managing flood risks within the Sacramento-San Joaquin Valley or 

The State Plan of Flood Control 
Descriptive Document includes a 
description of each existing dam that is 
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protects urban areas within the Sacramento-San Joaquin Valley. 
 

not part of the SPFC but provides 
significant systemwide benefits. 

   (e) A description of each existing levee and other flood management 
facility not described in subdivision (d) that is not part of the State Plan of 
Flood Control and that provides either significant systemwide benefits for 
managing flood risks within the Sacramento-San Joaquin Valley or 
protects an urban area. 

The FCSSR and the ULE/NULE 
evaluations describe non-SPFC facilities 
that may provide systemwide benefits or 
protect urban areas. 

   (f) A description of the probable impacts of projected climate change, 
projected land use patterns, and other potential flood management 
challenges on the ability of the system to provide adequate levels of 
flood protection. 

Chapter 1 of the CVFPP and its attached 
Conservation Framework provide general 
descriptions of potential impacts of 
climate change.  
In addition, DWR is continuing work on 
climate change analyses that are more 
applicable to extreme events such as 
flooding than those typically used for 
climate change evaluations.   The new 
approach is expected to provide 
improved information on impacts on flood 
management and to communities 
receiving protection and in identifying 
prudent system improvements that are 
resilient to climate change conditions.  
DWR intends to continue the 
methodology development and 
application for the 2017 CVFPP Update. 

   (g) An evaluation of the structural improvements and repairs necessary 
to bring each of the facilities of the State Plan of Flood Control to within 
its design standard. The evaluation shall include a prioritized list of 
recommended actions necessary to bring each facility not identified in 
subdivision (h) to within its design standard. 

DWR evaluated the structural 
improvement necessary to achieve the 
SPFC design capacity. Based on these 
evaluations (see Achieve SPFC Design 
Capacity Approach in Chapter 2 of 
CVFPP), the structural repairs are very 
expensive, generally raise flood stages 
throughout the system, and do not 
adequately meet the CVFPP goals. Since 
this was not the recommended approach, 
a prioritized list of recommended actions 
was not prepared. However, DWR used 
information from this evaluation in its 
selection of the preferred State 
Systemwide Investment Approach. 

   (h) The evaluation shall include a list of facilities recommended to be 
removed from the State Plan of Flood Control. For each facility 
recommended for removal, the evaluation shall identify both of the 
following: 
   (1) The reasons for proposing the removal of the facility from the State 
Plan of Flood Control. 
   (2) Any additional recommended actions associated with removing the 
facility from the State Plan of Flood Control. 

Chapter 3 of the CVFPP presents a list of 
facilities that should be considered for 
removal from the SPFC. Since these are 
part of a federal project, removal will 
need to be justified by a feasibility study 
and Congressional action. Chapter 4 of 
the CVFPP includes a summary of 
criteria to be used for the removal 
process. 

   (i) A description of both structural and nonstructural methods for 
providing an urban level of flood protection to current urban areas. The 
description shall also include a list of recommended next steps to 
improve urban flood protection. 

Chapter 3 of the CVFPP includes 
structural improvements for urban area 
protection. Chapter 4 includes enhanced 
programs for floodplain management 
(nonstructural). Chapter 4 also includes a 
list of near-term actions to progress flood 
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risk reduction, including those in urban 
areas, between the 2012 adoption of the 
CVFPP and its 2017 update. 
The Criteria for Demonstrating Urban 
Level of Flood Protection and Urban 
Levee Design Criteria documents 
incorporated by reference in the 2012 
CVFPP. 

   (j) A description of structural and nonstructural means for enabling or 
improving systemwide riverine ecosystem function, including, but not 
limited to, establishment of riparian habitat and seasonal inundation of 
available flood plains where feasible. 

Chapter 3 of the CVFPP includes a 
description of structural and nonstructural 
elements for improving systemwide 
ecosystem function. These are described 
for incorporating ecosystem restoration 
and enhancement along with urban, 
small community, rural-agricultural, and 
system flood risk reduction 
improvements. These are further 
described in the Conservation 
Framework attached to the CVFPP. The 
Conservation Framework will be replaced 
by a more detailed Conservation Strategy 
at the time of the 2017 update of the 
CVFPP. 

9615.  For the purposes of preparing the plan, the department shall 
collaborate with the United States Army Corps of Engineers and the 
owners and operators of flood management facilities. 

DWR collaborated with the USACE and 
owners and operators of flood 
management facilities throughout 
preparation of the CVFPP. The USACE 
participated in regional workgroups. 
Project records include an   Engagement 
Record.   The USACE continues to 
support ongoing actions on the CVFPP 
through the Central Valley Integrated 
Flood Management Study. 

9616.  (a) The plan shall include a description of both structural and 
nonstructural means for improving the performance and elimination of 
deficiencies of levees, weirs, bypasses, and facilities, including facilities 
of the State Plan of Flood Control, and, wherever feasible, meet multiple 
objectives, including each of the following: 
   (1) Reduce the risk to human life, health, and safety from flooding, 
including protection of public safety infrastructure. 
   (2) Expand the capacity of the flood protection system in the 
Sacramento-San Joaquin Valley to either reduce floodflows or convey 
floodwaters away from urban areas. 
   (3) Link the flood protection system with the water supply system. 
   (4) Reduce flood risks in currently nonurbanized areas. 
   (5) Increase the engagement of local agencies willing to participate in 
improving flood protection, ensuring a better connection between state 
flood protection decisions and local land use decisions. 
   (6) Improve flood protection for urban areas to the urban level of flood 
protection. 
   (7) Promote natural dynamic hydrologic and geomorphic processes. 
   (8) Reduce damage from flooding. 
   (9) Increase and improve the quantity, diversity, and connectivity of 
riparian, wetland, flood plain, and shaded riverine aquatic habitats, 

The 2012 CVFPP document in its entirety 
addresses the multiple objectives in 
CWC 9616.  
In addition, DWR and stakeholders used 
these Legislative objectives to form the 
CVFPP goals described in Chapter 1 of 
the CVFPP. This resulted in the primary 
goal of flood risk reduction and four 
supporting goals that were used to 
measure performance of the three 
preliminary approaches and the selected 
State Systemwide Investment Approach. 
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including the agricultural and ecological values of these lands. 
   (10) Minimize the flood management system operation and 
maintenance requirements. 
   (11) Promote the recovery and stability of native species populations 
and overall biotic community diversity. 
   (12) Identify opportunities and incentives for expanding or increasing 
use of floodway corridors. 
   (13) Provide a feasible, comprehensive, and long-term financing plan 
for implementing the plan. 
   (14) Identify opportunities for reservoir reoperation in conjunction with 
groundwater flood storage. 
   (b) The plan shall include a prioritized list of recommended actions to 
reduce flood risks and meet the objectives described in subdivision (a). 

Chapter 4 of the CVFPP includes a list of 
Near-Term Priority Actions. 

9620.  Upon the adoption of the plan by the board, all of the following 
apply: 
   (a) The facilities identified pursuant to subdivision (a) of Section 9614 
shall be deemed to be part of the system. 
   (b) The board shall act on the recommendations to remove facilities 
identified pursuant to subdivision (h) of Section 9614 from the State Plan 
of Flood Control. 

Pending actions to be accomplished by 
the Board. 

   (c) The department shall develop a recommended schedule and 
funding plan to implement the recommendations of the plan. To develop 
the recommended schedule and funding plan, the department may 
collaborate with local and federal agencies. 

DWR plans to complete a Financing Plan 
for the CVFPP in 2013. 

9621.  Consistent with the adoption of the Central Valley Flood 
Protection Plan pursuant to this part, each county shall collaborate with 
cities within its jurisdiction to develop flood emergency plans within 24 
months of the adoption of the plan. 

No action from DWR or other State 
agencies.  Pending actions by cities and 
counties. 

9622.  Consistent with the adoption of the Central Valley Flood 
Protection Plan pursuant to this part, each city, county, and city and 
county shall collaborate with the state and local flood management 
agencies to provide relocation assistance or other cost-effective 
strategies for reducing flood risk to existing economically disadvantaged 
communities located in nonurbanized areas. 

No action from DWR or other State 
agencies.  Pending actions by cities and 
counties. Actions by City and County 
agencies  

9623.  Consistent with the adoption of the Central Valley Flood 
Protection Plan pursuant to this part, each city, county, and city and 
county shall collaborate with the state and local flood management 
agencies to develop funding mechanisms to finance local flood 
protection responsibilities by January 1, 2010. 
 

No action from DWR or other State 
agencies.  Pending actions by cities and 
counties. 

9624.  Notwithstanding any other provision of law, this part applies to all 
cities, including charter cities, and counties included in the plan pursuant 
to Section 9614. The Legislature finds and declares that flood protection 
in the Sacramento-San Joaquin Valley is a matter of statewide concern 
and not a municipal affair as that term is used in Section 5 of Article XI of 
the California Constitution. 

The State’s interest in flood management 
is recognized in the 2012 CVFPP and in 
the 2012 technical analyses. 

9625.  (a) By January 1, 2010, the department shall develop cost-sharing 
formulas, as needed, for funds made available by the Disaster 
Preparedness and Flood Prevention Bond Act of 2006 (Chapter 1.699 
(commencing with Section 5096.800) of Division 5 of the Public 
Resources Code) and the Safe Drinking Water, Water Quality and 
Supply, Flood Control, River and Coastal Protection Bond Act of 2006 
(Division 43 (commencing with Section 75001) of the Public Resources 

DWR has prepared a draft Guidelines for 
Establishing Local Agency Cost-Sharing 
Formulas in 2008 and a final version in 
2010. 
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Code) for repairs or improvements of facilities included in the plan to 
determine the local share of the cost of design and construction. 
   (b) The cost-sharing formulas developed by the department shall be 
established pursuant to Section 12585.7. 
   (c) In developing a cost-sharing formula, the department shall consider 
the ability of local governments to pay their share of the capital costs of 
the project. 
   (d) Prior to finalizing cost-sharing formulas, the department shall 
conduct public meetings to consider public comments. The department 
shall post a draft cost-sharing formula on its Internet Web site at least 30 
days before the public meetings. To the extent feasible, the department 
shall provide outreach to disadvantaged communities to promote access 
and participation in the meetings. 
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Cover Photo: Sacramento Weir (December 24, 1964), DWR Photo Lab

The Sacramento Weir and Bypass discharges excess flows from the

Sacramento River (on the left) into the Yolo Bypass (not shown).  

The 1964-65 water year was marked by one of the most disastrous floods in California’s history.
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White pelicans along the Sacramento River 

1.0 Introduction 
The Conservation Framework is an integral part of the State of California’s 
(State’s) preferred approach to flood management in the Central Valley. To 
help meet the required objectives of the Central Valley Flood Protection 
Act of 2008 and the goals of the Central Valley Flood Protection Plan 
(CVFPP) (with the primary goal regarding public 
safety), this Conservation Framework outlines 
the State’s intent to accomplish the following: 

 Improve and enhance natural dynamic 
hydrologic (flow) and geomorphic processes 
in the flood management system 

 Increase and improve the quantity, diversity, 
quality, and connectivity of riverine habitats 
in the flood management system, including 
the agricultural and ecological values of these 
lands 

 Contribute to the recovery and stability of 
native species populations and overall biotic community diversity 
associated with the flood management system 

Successful achievement of these goals, as part of achieving other CVFPP 
goals, is expected to provide multiple benefits, including the following: 

 A more sustainable and resilient flood management system, capable of 
long-term adaptability to changing hydrological and climatic conditions 
and providing greater long-term viability for ecosystems and 
agriculture 

 Improved public safety from catastrophic flooding 

 Faster delivery of flood risk reduction projects and more 
efficient and effective environmental permitting 

The Conservation Framework is the first phase of more 
comprehensive and integrated planning within the flood 
management system, leading to a longer term Central Valley Flood 
System Conservation Strategy (Conservation Strategy). This Conservation 
Framework provides direction for conservation planning in the context of 
flood management. It also provides interested organizations (local 

Conservation is the 
maintenance, 

enhancement, and 
restoration of populations, 

communities, and 
ecosystem functions to 

sustain the services, 
benefits, and values of 
public trust resources. 
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governments, State and federal agencies, flood managers, conservation 
organizations, and agricultural interests) with important planning 
information and approaches that can, and should be, integrated into flood 
project planning and implementation. This Conservation Framework 
describes how the 2012 CVFPP integrates the relevant environmental 
policies and conservation elements contained in the Conservation 
Framework with CVFPP implementation. The integration will help 
minimize impacts on the ecosystem, mitigate for environmental effects, and 
improve ecosystem functions. 

This Conservation Framework will be replaced by a longer term 
Conservation Strategy, as part of the 2017 CVFPP update, and it will 
complement the federal Central Valley Integrated Flood Management 
Study (CVIFMS). The Conservation Strategy will be consistent with this 
Framework and provide more specifics about integrating flood and 
conservation actions. This Conservation Strategy may include regional 
permitting plans (such as Natural Community Conservation Plans (NCCP), 
Habitat Conservation Plans (HCP), or programmatic Section 7 
consultations, for example). 

 

This section of the Conservation Framework describes the broader CVFPP 
context for Central Valley flood management planning, explains the State’s 
interest in integrated flood and ecosystem management, describes the 
purpose and development of the Conservation Framework, and outlines the 
organization of this document. 
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1.1 Background and CVFPP Context 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the CVFPP, for adoption by the Central Valley Flood Protection 
Board (Board).  The 2012 CVFPP provides a systemwide approach to 
protecting lands currently protected from flooding by existing facilities of 
the State Plan of Flood Control (SPFC), and will be updated every 5 years. 

1.1.1 CVFPP Planning Areas 
For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

 SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010c)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

 Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Sacramento-San 
Joaquin Delta (Delta) regions. 

Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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1.1.2 2012 CVFPP Planning Goals 
As explained in the CVFPP itself, this plan is a critical document to guide 
California's participation (and influence federal and local participation) in 
managing flood risk along the Sacramento and San Joaquin rivers. The 
CVFPP proposes a systemwide investment approach for sustainable, 
integrated flood management in areas currently protected by facilities of 
the SPFC. DWR recognizes that many other planning efforts are also 
underway within the CVFPP planning area (see Attachment 9E: Existing 
Conservation Objectives from Other Plans) and that it will need to identify 
opportunities to coordinate, collaborate, and reduce potential conflicts with 
these efforts. The CVFPP will be updated every 5 years, with each update 
providing support for subsequent policy, program, and project 
implementation. 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

 Primary Goal – Improve Flood Risk Management 

 Supporting Goals: 

- Improve Operations and Maintenance 

- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 

The Conservation Framework is an integral part of the CVFPP in support 
of all of these goals. In particular, the Conservation Framework focuses on 
promoting ecosystem functions and multi-benefit projects. All levels of 
CVFPP project planning and development will consider opportunities to 
integrate ecosystem enhancements with flood damage reduction projects. 

Incorporating the environmental principles and conservation actions 
identified in the Conservation Framework can improve flood risk 
management and O&M. 

1.1.3 2012 CVFPP Planning Approaches 
In addition to No Project, three fundamentally different approaches to 
flood management were initially compared to explore potential 
improvements in the Central Valley.  These approaches are not alternatives; 
rather, they bracket a range of potential actions and help explore trade-offs 
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in costs, benefits, and other factors important in decision making.  The 
approaches are as follows: 

 Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

 Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

 Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 

Comparing these approaches helped identify the advantages and 
disadvantages of different combinations of management actions, and 
demonstrated opportunities to address the CVFPP goals to different 
degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 
developed that encompasses aspects of each of the approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

 
Figure 1-2.  Formulation Process for State Systemwide Investment Approach 
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1.2 Integration of Flood and Ecosystem 
Improvements 

The State is committed to protecting public safety while improving the 
status and trends of biological resources within the Central Valley flood 
management system. This commitment is consistent with and supportive of 
legislative, administrative, and interagency direction. Legislative direction 
is based in the ecological objectives of the Central Valley Flood Protection 
Act of 2008. Administrative direction comes from the ecosystem goals of 
CVFPP and FloodSAFE California Initiative (FloodSAFE), as well as the 
DWR Environmental Stewardship Policy (2010a) and other related DWR 
policies. The February 27, 2009, California Central 
Valley Flood System Improvement Framework developed 
by the California Levees Roundtable contains some 
interagency direction. Environmental stewardship can 
reduce flood project regulatory delays, lower long-term 
operation and repair costs, provide greater public benefits, 
and strengthen public support. 

For the CVFPP, the State’s preferred approach is to 
improve both flood management and ecological conditions on a 
systemwide basis, using integrated policies, programs, and projects. This 
approach builds on recent efforts and successes to incorporate 
environmental benefits into flood management projects, and improves on 
these efforts by considering systemwide measures that can be taken to 
improve and recover ecosystem processes that are key to environmental 
health. These recent efforts and successes are described in greater detail in 
Section 4.1. Further, by integrating environmental stewardship early into 
policy and project planning, development, funding, and implementation, 
this approach will move beyond traditional project-by-project 
compensatory mitigation. This approach also creates the opportunity to 
develop flood management projects that may be more sustainable and cost 
effective and can provide ecological benefits while protecting water supply 
and public safety. 

In addition to pursuing an approach that integrates flood protection and 
ecological improvements, the State recognizes that efforts to improve flood 
protection and associated ecological conditions will take place on, near, or 
affect Central Valley farmland and rural communities. The State 
acknowledges that jointly developed solutions deliver a variety of benefits 
to agricultural, flood protection, and conservation interests. The State is as 
committed to working with stakeholders from each of these sectors to 
further develop and implement the Conservation Framework and develop 

Environmental stewardship is a 
concept of, and commitment to, 
responsibly manage and protect 

natural resources (water, air, land, 
plants, and animals) and 

ecosystems in a sustainable 
manner that ensures they are 

available for future generations. 
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the long-term Conservation Strategy, as it has in the development of the 
primary document, the CVFPP. 

1.3 Conservation Framework Purpose and 
Phasing 

This Conservation Framework serves two purposes. The first purpose of 
the Conservation Framework is to be an environmental guide for flood 
project planning in the 2012 CVFPP. The second purpose is to present a 
broad outline and preview of a longer term Conservation Strategy to be 
completed by 2017. 

The Conservation Framework describes how environmental stewardship is 
integrated into flood management activities, directs the reader to relevant 
environmental elements in the CVFPP, and gives additional detail on 
environmental planning elements, including regulatory compliance. 
Supporting documentation for the Conservation Framework includes 
detailed technical attachments containing further information on the 
following: regional advance mitigation planning (RAMP), status and trends 
of environmental resources, an assessment of fish passage needs, 
vegetation mapping, conservation objectives from other plans, restoration 
opportunities analysis, and regional environmental permitting. 

The longer term Conservation Strategy will provide a comprehensive 
approach for the State, consistent with the Conservation Framework, to (1) 
achieve the environmental goals and objectives of the Central Valley Flood 
Protection Act, FloodSAFE, and the CVFPP, and (2) implement the DWR 
environmental stewardship policy within the flood management system. 
The long-term vision of this Conservation Strategy is a sustainable system 
of managing Central Valley floodways that includes multiple 
environmental objectives during project planning and design and that 
achieves the following: 

 Embodies environmental and agricultural stewardship as an integral 
part of flood management 

 Results in a healthy and robust ecosystem 

 Reduces long-term maintenance and management costs 

 Uses solid scientific foundations, local expertise, and broad-based 
contexts for informing decisions 
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 Nurtures productive partnerships, both within State agencies and with 
external groups 

 Promotes local agency and public support for sustainable practices that 
further the goals and objectives of this framework  

 Promotes development and implementation of projects that provide 
multiple benefits, including recreation, conservation, agriculture, water 
supply, and other values 

The Conservation Strategy is being developed in several phases, with this 
Conservation Framework representing the first phase. Concurrent with 
development of this document, conservation activities have been initiated 
that will continue during implementation of the 2012 CVFPP. In the second 
phase, the Conservation Strategy will be completed as part of the 2017 
CVFPP update and will inform both the State feasibility studies and the 
federal U.S. Army Corps of Engineers (USACE) CVIFMS feasibility 
studies. The Conservation Strategy will refine this long-term vision and 
Conservation Framework goals, contain more information about key 
factors that influence achievement of those goals, describe how applying 
specific management actions can work effectively at achieving those goals, 
and set conservation priorities among management actions and regions. 
The Conservation Strategy will expand on and replace the current 
Conservation Framework, and it will be updated along with the CVFPP 
every 5 years. A timeline for the next steps in Conservation Strategy 
development is shown in Section 7, Next Steps. 

The Conservation Framework supports the content of the CVFPP through 
the following: 

 Describing the broad flood ecosystem; its various components, 
stressors, and management responses to these stressors; the importance 
of ecosystem processes to sustaining habitat and species, and the 
historical, current, and expected future status and trends of this 
ecosystem 

 Providing conservation goals (see Section 3, Conservation Goals) based 
on environmental supporting goals in the Central Valley Flood 
Protection Act related to ecosystem processes, habitats, and species 

 Giving greater detail about key planning principles that helps the State 
achieve conservation goals more efficiently and effectively 
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 Describing how flood managers have integrated environmental 
stewardship into past projects and how DWR can work with ongoing 
planning efforts to continue and expand on these approaches 

 Showing how the CVFPP’s integrated flood management actions and 
policies support achieving conservation goals 

1.4 Conservation Framework Development 

The Conservation Framework was developed iteratively in conjunction 
with the CVFPP. In addition to the directives of the Central Valley Flood 
Protection Act of 2008, a primary driving element in the development of 
the Conservation Framework is the DWR Environmental Stewardship 
Policy. Environmental stewardship is a concept of and commitment to 
responsibly manage and protect natural resources (water, air, land, plants, 
and animals) and ecosystems in a sustainable manner that ensures they are 
available for future generations. In September 2010, DWR formally 
adopted its Environmental Stewardship Policy, which applies to water and 
flood management projects and activities throughout DWR. 

The Conservation Framework incorporates this Environmental Stewardship 
Policy as a State preferred policy in the CVFPP. However, subject to 
various technical, economic, and policy constraints, implementation of 
conservation-related policies will be influenced by the following factors: 

 Opportunities present during flood project planning 

 Specific mitigation measures required by regulatory agencies before 
project approval 

 Opportunities for development of large-scale advance mitigation 
programs 

 Opportunities for specific projects that target ecosystem benefits 

 Opportunities for integration with other conservation and land-use 
planning efforts 

 Opportunities for integration with agricultural land-use and production 
systems 

 Needs for achieving other CVFPP goals 
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DWR Environmental Stewardship Policy 
Highlights 
DWR shall work towards the sustainability of public trust 
resources related to water resources projects and the 
environment. The goal of an environmental stewardship 
ethic is to create human systems consistent with natural 
systems, where each is ultimately sustainable. Systems of 
water supply and flood protection are more successful 
when they accommodate and sustain ecosystem functions. 
Sustainable systems are also more economical over time. 
DWR fosters the environmental stewardship ethic by 
embracing broad concepts of impact avoidance and 
protection of natural resources, minimization, mitigation and 
restoration, and enhancement of natural functions and 
values. 

DWR will incorporate ecosystem restoration as an objective 
in water and flood management projects, including 
partnering with restoration efforts of others, to achieve net 
environmental benefit. Ecosystem restoration is the process 
of reestablishing, to the extent possible, the structure, 
function, and composition of the natural environment. 

DWR will use science to understand the functions of natural 
biological and physical systems, so as to help plan and 
design water supply storage and conveyance systems and 
flood control systems that also benefit native plants, and 
fish and wildlife resources. 

DWR managers will embrace environmental stewardship as 
part of their responsibilities. As managers develop and 
deliver reliable water supplies and provide for flood 
protection for the State’s residents, they can incorporate 
environmental stewardship in several ways: 

 Integrate ecosystem protection and restoration into 
water storage and conveyance and flood 
control/management planning 

 Include environmental stewardship and ecosystem 
protection and restoration as criteria in project funding 
decisions for all DWR programs 

 Plan for conservation, restoration, and maintenance of 
the biological diversity and natural physical processes 
of aquatic and related terrestrial ecosystems. 

 Plan and implement projects that contribute to the 
recovery of aquatic and riparian species listed under the 
federal and State Endangered Species Acts and other 
laws, as well as other at-risk species. 

 Plan for onsite environmental 
education and public access for 
recreation 

Early in the CVFPP development 
process an Environmental 
Stewardship Scope Definition 
Work Group (ESSDWG) was 
chartered to provide input on the 
scope of environmental 
stewardship to be addressed in the 
2012 CVFPP. Comprising 
members representing a broad 
range of interests and perspectives, 
ESSDWG provided the following 
input: 

 Description of the major 
environmental challenges, 
categorized into priority 
groups, that the CVFPP should 
address 

 Description of major 
opportunities that the CVFPP 
should consider for addressing 
the major challenges, including 
recommendations for 
improving upon past efforts 
and coordinating with current 
efforts 

 List of the key principles for 
guiding the development, 
integration, and 
implementation of 
environmental stewardship 
features of the CVFPP 

 List of the major 
environmental goals that 
should be included in the 
CVFPP 
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 Description of approaches or measures to evaluate the CVFPP’s 
effective integration and implementation of environmental stewardship 
elements 

 Recommendations for important documents that should be used as 
reference materials related to environmental stewardship. These 
references were used in developing both the CVFPP and Conservation 
Framework 

The ESSDWG prepared a summary to record the outcome of the group’s 
efforts, The Environmental Stewardship Scope Definition Work Group 
Summary Report (DWR, 2009). 

An Agricultural Stewardship Scope Definition Joint Subcommittee was 
also chartered during Phase 1 of the CVFPP planning process. The role of 
this group was to describe major agricultural contributions, challenges, and 
opportunities and receive input from the agricultural community. 
Subcommittee members and observers composed a geographically broad 
group that included perspectives from local municipalities, conservation, 
and different levels of agriculture. 

The subcommittee provided the following input: 

 Definition of key goals by region and priority group, providing 
additional details about existing conditions and future challenges 
specific to agriculture 

 Key principles for guiding the development and implementation of 
agricultural stewardship features into the CVFPP and description of 
approaches for evaluating the effective integration of those elements 

 List of agriculturally focused problems and opportunities and criteria 
for assessing the incorporation of agricultural interests into the CVFPP 

 Goals for the development of tiered design standards that recognize the 
differences among urban, rural, and agricultural levees and provide 
equitable funding for urban and rural flood protection systems 

 List of suggested actions, with both general statements addressing 
policy and public safety issues and specific recommendations for 
proposed funding, State programs, and pre-identified flood relief areas 

 Process Guide Checklist to help ensure that agricultural concerns are 
addressed throughout the development of the 2012 CVFPP 
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The subcommittee developed a framework, included in the draft report, 
Important Considerations for the Central Valley Flood Protection Plan 
Related to Sacramento-San Joaquin Valley Agriculture (DWR, 2010b), that 
(1) aims to balance habitat and ecosystem goals with agricultural 
preservation, and (2) identifies agricultural stewardship opportunities 
consistent with the goals of the CVFPP. The report highlights the need to 
ensure understanding of how flood system improvements may affect 
potential financing opportunities, and identifies principles for promoting 
crop diversity, sustainable farm operation and production, and continued 
growth. Although the report identified a variety of issues related to 
flooding in an agricultural landscape (e.g., finance/insurance, consequences 
of flooding, post-flood recovery, and emergency communication), this 
Conservation Framework focuses on those agricultural issues related to 
environmental stewardship on agricultural land. 

The items from the ESSDWG and Agricultural Stewardship Scope 
Definition Subcommittee were integral in providing guidance and content 
for much of the Conservation Framework. As the Conservation Strategy is 
developed, DWR will pursue opportunities to integrate ecosystem and 
agricultural interests. 

1.5 Report Organization 

Organization of this document is as follows: 

 Section 1 introduces and describes the purpose of this report. 

 Section 2 summarizes floodway ecosystem conditions and trends. 

 Section 3 contains conservation goals of the Conservation Framework. 

 Section 4 describes the integration of conservation elements into the 
CVFPP. 

 Section 5 summarizes implementation actions. 

 Section 6 reviews indicators of success for integrating conservation 
elements into the CVFPP. 

 Section 7 describes next steps for the Conservation Strategy. 

 Section 8 contains references for the sources cited in this document. 

 Section 9 lists abbreviations and acronyms used in this document. 
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2.0 Floodway Ecosystem 
Conditions and Trends 

The Systemwide Planning Area contains most river channels and 
floodplains of the Sacramento and San Joaquin rivers and their major 
tributaries. The riverine and riparian ecosystems of these river channels and 
floodplains are among the most important natural resources of the 
Sacramento and San Joaquin valleys, and provide habitats of critical 
importance to numerous native aquatic and terrestrial 
species. 

This section describes key fluvial, geomorphic, and 
ecological interactions in the flood management system; 
historical pressures and changes to ecological processes 
and habitats; current conditions and trends; conservation 
improvements and progress; and continuing stressors. 

A preliminary analysis of the status and trends of hydrologic and 
geomorphic processes, habitats, and key wildlife and fish species was 
performed and is provided in Attachment 9B: Status and Trends of the 
Riparian and Riverine Ecosystems of the Systemwide Planning Area. This 
section is based on that analysis, which shows that modification of 
hydrologic and geomorphic processes has reduced their ability to support 
important ecosystem functions. 

2.1 Fluvial, Geomorphic, and Ecological 
Interactions 

In a general sense, the ecological systems of the Central Valley consist of 
uplands, riverine environments, and lower lying adjacent flood basins. 
Uplands are generally located around the rim of the valley and in areas 
between waterways that are elevated above river levels. These areas, along 
with the broader watershed, capture precipitation and provide runoff to the 
riverine and flood basin areas. The Conservation Framework does not focus 
on these areas, but recognizes their important influence on the other parts 
of the system. 

The flow of water through the system, and the associated hydrologic, 
geomorphic, and ecological processes, are influenced by a variety of 
natural factors (such as topography and soils) and human influences. The 
diagram in Figure 2-1 shows the major natural and human factors 

The riverine and riparian 
ecosystems in the river channels 

and floodplains of the Systemwide 
Planning Area are among the most 
important natural resources of the 

Sacramento and San Joaquin 
valleys. 
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influencing the ecological processes and condition of riverine ecosystems 
in the Sacramento and San Joaquin valleys. 

This figure diagrams several major premises underlying much of the 
Conservation Framework: 

 Species, particularly endangered species, within the riverine system 
depend on the quality, quantity, and dynamic nature of habitat along 
waterways. These habitat features, in turn, depend upon functional 
hydrologic and geomorphic processes, such as sediment erosion, 
transport, and deposition. Thus, maintaining and improving these 
processes is critical to maintaining and recovering river-dependent 
species. 

 Human activities (including flood management activities) have been 
adversely affecting these ecological processes. 

 Reducing the adverse influences of human activities on these ecological 
processes is necessary for effective conservation of riverine and 
riparian ecosystems in the Sacramento and San Joaquin valleys. 

.

 
Figure 2-1.  General Relationships of Natural Processes, Human 
Influences, and the Fluvial Ecosystem 
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2.1.1 Riverine Ecosystem 
The riverine ecosystem depends on a variety of different flow levels, each 
providing unique hydrological, geomorphic, and ecological processes. 
Three ecologically significant categories of river flows are: 

 Floodplain inundation flows typically occur less frequently than once 
every 2 years. These flows are responsible for sediment deposition onto 
a floodplain, provide seasonal floodplain habitat for aquatic species, 
supply nutrients to floodplain vegetation, and disperse seeds onto the 
floodplain. 

 Bankfull flows, occurring on average once every 1.5 to 2 years, 
represent the maximum flow that can be contained within the active 
river channel. These flows are responsible for most of the force that 
alters the channel and bed of a river. 

 Base flows are typically the annual minimum flows that occur in 
summer and fall. 

Floodplain inundation flows and bankfull flows are particularly important 
in initiating geomorphic processes that sustain habitat and species. Along 
alluvial floodplain rivers, the erosion, transport (both suspended in the 
water column and along the river bed (i.e., bedload)), and deposition of 
sediment causes channels to migrate, be cut off, and split and rejoin 
downstream. 

These fundamental geomorphic processes influence the formation of 
floodplain topography, soils, and other floodplain dynamics to create a 
diverse mosaic of floodplain landforms of different ages that support 
different age classes of riparian vegetation. These geomorphic processes 
also are important drivers of in-stream habitat quality for fish and other 
aquatic life, and form off-channel habitats such as side channels and oxbow 
lakes that provide important fish and wildlife habitat. Figure 2-2 provides 
an example of a constrained river reach on the upper Sacramento River 
downstream from Colusa, and Figure 2-3 depicts a river reach (upper 
Sacramento River, upstream from Colusa) with an active floodplain. 
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Figure 2-2.  Constrained Reach of Sacramento River Upstream 
from Colusa 

 
Figure 2-3.  River – Active Floodplain 

Each of the three categories of flows (floodplain inundation, bankfull, and 
base flows) drives different geomorphic and ecological processes, which 
collectively maintain a healthy ecosystem and a diversity of habitat types. 
These effects are summarized in Table 2-1. 
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Table 2-1.  Effects of Different Categories of Flows on Geomorphic 
and Ecological Processes and Species 

 
Floodplain Inundation 

Flow Bankfull Flow Base Flow 

Geomorphic 
processes 

 Causes major changes in 
channel morphology 
(scouring, erosion, channel 
cutoffs, new side channels) 

 Causes ongoing scouring 
and erosion of banks, 
formation of point bars, 
lateral channel migration, 
and mosaic of different-aged 
floodplain surfaces 

 Causes deposition in 
channel  

 Mobilizes coarse to fine 
sediments 

 Mobilizes moderate to fine 
sediments 

 Mobilizes fine sediments 
only 

Ecosystem 
processes 

 Increases large woody 
material in river  

 Increases large woody 
material in river  

 Provides perennial flow for 
fish, birds, and other 
species and maintains 
vegetation growth 

 Increases dissolved oxygen 
in water 

 Increases dissolved oxygen 
in water 

 Reduces dissolved oxygen 
in water 

 Increases aquatic structural 
diversity and exposes 
gravels for spawning 

 Increases aquatic structural 
diversity and exposes 
gravels for spawning 

 Decreases aquatic structural 
diversity 

 Enables establishment of 
early successional 
vegetation (willows and 
cottonwoods) 

 Creates mosaic of riparian 
vegetation (pioneer to 
mature) with time 

 Allows mature vegetation to 
outcompete early 
successional species if base 
flow is prolonged 

 Provid es nutrients, 
sediment, and plant seeds 
to floodplain from upstream 

 Provid es nutrients, 
sediment, and plant seeds 
to riverbank from upstream 

 No major effect 

 Increases primary aquatic 
productivity  No major effect 

 Allo ws accumulation of 
organic materials, as well as 
contaminants 

Species 

 Provides floodplain habitat 
to outmigrating salmonids 
and spawning splittail and 
increases early 
successional habitat for 
plants and animals, potential 
to strand or isolate fish 
species 

 Provides instream fish 
habitat to channel and 
maintains diversity of early 
to late successional habitat 
for plants and animals  

 Provides summer channel 
habitat for fish; causes silts 
to cover spawning gravels; 
and facilitates invasion of 
less- flood-tolerant species, 
including nonriparian and 
nonnative species 

 

The riverine and riparian ecosystem historically supported a wide variety of 
fish and wildlife. Many of these species evolved life history strategies that 
allowed them to exploit the temporal and spatial variability associated with 
the region’s Mediterranean climate and variable hydrologic and 
geomorphic processes. 

2.1.2 Flood Basins 
Lower reaches of the Sacramento and San Joaquin valleys are elevated 
above lower-lying adjacent lands known as flood basins. These include, for 
example, the Yolo Basin, the American River Basin, and Sutter Basin. This 
reverse topography is due to geological changes over millennia. The most 
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highly subsided lands, extending below sea level in places, are found in the 
Delta “islands,” where human-induced subsidence is a more recent 
development. Before the development of the flood management system, 
these flood basins regularly flooded during winter storms and historically 
were collectively called the ‘inland sea” during major flood events. These 
lands supported extensive tule marshes, seasonal wetlands and grasslands. 

In the flood basins of the Sacramento and San Joaquin valleys, geomorphic 
processes, such as sediment erosion and transport, played a less significant 
role in habitat maintenance, as compared to the riverine environment. The 
role of these processes in maintaining habitats and species gradually 
decreases as distance from river channels increases. However, species such 
as migratory salmonids depend on periodic and shallow inundation of these 
basins to replenish soil and food web productivity. 

Although flood basins in the Central Valley have been converted to 
agricultural uses, these agricultural lands provide habitat for several 
wildlife species. For example, rice fields and canals provide habitat for 
giant garter snakes (Thamnophis gigas) and resident and migratory birds; 
irrigated pastures and field crops provide forage for songbirds, raptors, 
small rodents, and waterfowl; orchards can provide roosting habitat for 
bats; and row crops provide foraging habitat for raptors. 

2.2 Historical Pressures and Changes 

Relative to historic conditions, riverine ecosystems and flood basins have 
been adversely affected by a variety of stressors, including human 
settlement, historic and current land use, construction O&M of the SPFC, 
species invasions, water diversions, and other modifications to the 
landscape that characterized the watersheds of the Sacramento and San 
Joaquin valleys before widespread European settlement. The combined 
effect of these stressors has eliminated extensive areas of wetland and 
riparian habitat; reduced the diversity, abundance, and distribution of 
numerous plant and animal species (many to the endangered level); and 
increased stressors such as invasive species and pollutants that are 
degrading the remaining habitat, driving many species to the point of being 
critically endangered. 

2.2.1 Changes to Flows and Hydrologic Processes 
Central Valley river flows and hydrologic processes have been 
substantially altered in the past 100 years. Analysis of hydrologic data 
collected downstream from Shasta Dam on the Sacramento River and 
downstream from Friant Dam on the San Joaquin River shows that the 
presence of the dams has substantially changed annual median flows. 
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In the Sacramento River, Shasta Dam has reduced monthly median flows in 
winter and spring, and summer and fall flows have been increased, even 
after importing water from the Trinity River (Figure 2-4), and the 
variability in median spring flows has been greatly reduced. 

In the San Joaquin River, Friant Dam has had an even greater effect on 
hydrology. Before the recent implementation of the San Joaquin River 
Restoration Program (SJRRP), most San Joaquin River flows from above 
Friant Dam, were diverted at the dam into two major irrigation canals 
(Madera and Friant-Kern canals), and thus did not continue downstream in 
the river. The magnitude of the effect of these diversions is indicated by the 
change in median monthly flows (Figure 2-5). Larger events that would 
inundate floodplains are also reduced by Friant Dam and downstream by 
routing into the flood bypass system. 

 
Figure 2-4.  Monthly Median Flows in Sacramento River at Bend 
Bridge (USGS Gage 11377100) 
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Figure 2-5.  Monthly Median Flows in San Joaquin River at Friant 
(USGS Gage 11251000) 

Beyond monthly median flows, the frequency and duration of ecologically 
significant flows has also changed. The frequency of floodplain inundation 
flows (2 to 10 years) and the average duration of these flows have 
increased in the Sacramento River Basin since construction of reservoirs 
for flood control. This increase in duration reflects typical flood control 
operations under which larger flood event peaks are stored and 
subsequently released at lower flow rates following the peak of a flood 
event. In the San Joaquin River Basin, the frequency and average duration 
of floodplain inundation flows have greatly decreased because of retention 
of flows behind dams and diversion of flows into the bypass system. 

The frequency of bankfull flows has been greatly reduced in both the 
Sacramento and San Joaquin rivers, and the duration of these flows has 
been increased as a result of reservoir operations. 

With the current system of reservoirs and water diversions in the 
Sacramento and San Joaquin valleys, base flows are elevated for irrigation 
purposes above historical conditions on the Sacramento River and its 
tributaries and greatly reduced on major portions of the San Joaquin River 
and its tributaries. Consequently, riparian tree seedlings may drown during 
the summer along the Sacramento River, but they may desiccate along 
portions of the San Joaquin River. 
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Active floodplain at the confluence of Thomes Creek and 

Sacramento River 

2.2.2 Changes in Geomorphic Processes and Channel 
and Floodplain Dynamics 

In the Sacramento River, Shasta Dam has interrupted and greatly reduced 
sediment transport, and dams on 
major tributaries (e.g., the Feather 
River) also have disrupted sediment 
transport. The geomorphic processes 
along the Sacramento River between 
Red Bluff and Colusa, a reach where 
the river still actively meanders, have 
been affected by these changes in 
hydrology and sediment transport, 
and they have also been affected by 
land-use changes (loss of riparian 
forest), increased bank revetment, and 
construction of levees. The result has 
been that total river length, area of 
floodplain reworked by the river, and 
variability of the age of floodplain 
surfaces have all been reduced. 

In the San Joaquin River, Friant Dam, the Delta-Mendota Canal, and dams 
on all major tributaries have greatly modified the hydrology of the river. 
The geomorphic consequences of these modifications have not been 
studied as extensively for the San Joaquin River as they have for the 
Sacramento River. The San Joaquin River upstream from the confluence 
with the Merced River is part of a multi-channeled system, where channel 
positions have not changed much over time. Some reaches of the river 
(e.g., upstream from the Mendota Pool, upstream from its confluence with 
the Merced River) historically were meandering. However, Friant Dam has 
greatly reduced the frequency of scouring flows, resulting in less bank 
erosion, reduced area of river wash (gravel and sand bars), and less input of 
large woody material into the river channel. These effects of Friant Dam 
and the effects of bank revetment and levee construction have generally 
stopped the meandering that historically occurred. In the foothill portions 
of the San Joaquin River and its major tributaries, pits created by aggregate 
mining have been captured by the streams, causing major changes in 
channel form and degradation of aquatic habitats. 

2.2.3 Reductions in Habitats and Species 
The riverine and flood basin habitats of today have been greatly modified 
from pre-1850 conditions. The flood basins have been largely converted to 
agricultural or urban uses. Wide bypasses in the Sacramento Valley still 
provide seasonal habitat for native fish species (Sommer et al., 2003); 
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however, the extent, frequency, and duration of inundation important for 
juvenile fish rearing is substantially less, compared to conditions before 
1850. 

Approximately 95 percent of historical wetlands and riparian areas no 
longer exist in the Central Valley, based on an analysis by The Bay 
Institute (1998) using 1993 California Department of Fish and Game 
(DFG) vegetation data (Figure 2-6). Most of the remaining wetlands are 
seasonal wetlands managed as waterfowl habitat and are located in federal 
and State wildlife areas and on private duck clubs; they are not directly 
connected to rivers. Much of remaining 56,000 acres of riparian habitat is 
highly fragmented or occurs as narrow strips along waterways. 
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Figure 2-6.  Riparian and Wetland Vegetation Potential/Historical and 
Current Distribution 
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The reduction in overall area of wetlands and riparian forest has reduced 
the abundance of terrestrial wildlife species supported by these habitats. 
Although many of these species still occur today, their population sizes and 
spatial distributions have generally been greatly reduced, relative to 
historical conditions. Tables 2-2 and 2-3 identify 20 species that are 
currently listed under either the California Endangered Species Act (CESA) 
or the federal ESA, as well as 33 other species that are considered sensitive 
species. 

Aquatic habitats for salmonids and other native fishes have been greatly 
reduced or degraded by changes in hydrologic and geomorphic processes. 
These changes are due to many factors, including dams, diversions, 
revetment, and levees. Dams have prevented upstream passage of 
salmonids, many miles of spawning habitat no longer accessible to 
Chinook salmon (Figure 2-7) and steelhead. Isolation of rivers from their 
once-extensive floodplains has cut off frequent flooding, reducing the 
cyclical replenishing of food web productivity in important rearing habitat. 

The natural fluvial disturbance patterns that maintain the complex mosaic 
of riverine habitats and that support native species abundance and diversity 
have been altered due to less frequent overbank and bankfull flows and 
longer durations of base flows. River channels have been straightened in 
many areas, and 150 miles of the Sacramento River bank are lined with 
riprap (The Bay Institute, 1998). River water tends to be deeper and of 
more uniform depth than it was before 1850, when aquatic habitats were 
much more diverse. 
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Table 2-2.  Representative Sensitive Plant Species of Riverine, 
Wetland, and Riparian Habitats in Sacramento and San Joaquin 
Valleys and Delta 

Species Statu s  Habitat 

Common Name Scientific 
Name Federala Stateb CRPRc

R
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Bristly sedge Carex comosa – – 2.1  •  

Bolander's water-
hemlock 

Cicuta maculata 
var. bolanderi 

– – 2.1  •  

Slough thistle Cirsium 
crassicaule 

– – 1B.1  • • 

Silky cryptantha Cryptantha crinita – – 1B.2   • 

Delta button-celery Eryngium 
racemosum 

– E 1B.1   • 

Bogg’s Lake hedge-
hyssop 

Gratiola 
heterosepala 

– E 1B.2  •  

Woolly rose-mallow 
Hibiscus 
lasiocarpus var. 
occidentalis 

– – 2.2  •  

California satintail Imperata 
brevifolia 

– – 2.1    

Delta tule pea Lathyrus jepsonii 
var. jepsonii 

– – 1B.2  • • 

Mason’s lilaeopsis Lilaeopsis masonii – R 1B.1  •  

Delta mudwort Limosella 
subulata 

– – 2.1  •  

Slender-leaved 
pondweed 

Potamogeton 
filiformis 

– – 2.2 •   

Eel-grass 
pondweed 

Potamogeton 
zosteriformis 

– – 2.2 •   

Sanford’s 
arrowhead 

Sagittaria 
sanfordii 

– – 1B.2  •  

Marsh skullcap  Scutellaria 
galericulata 

– – 2.2  •  

Side-flowering 
skullcap 

Scutellaria 
lateriflora 

– – 2.2  •  

Suisun Marsh aster Symphyotrichum 
lentum 

– – 1B.2  • • 

Wright’s 
trichocoronis 

Trichocoronis 
wrightii var. 
wrightii 

– – 2.1  • • 
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Table 2-2.  Representative Sensitive Plant Species of Riverine, 
Wetland, and Riparian Habitats in Sacramento and San Joaquin 
Valleys and Delta (contd.) 

Species Statu s  Habitat 

Common Name Scientific 
Name Federala Stateb CRPRc 
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Brazilian watermeal Wolffia 
brasiliensis 

– – 2.3 •   

Sources: CNDDB 2010; CNPS 2010 
Notes:  
a U.S. Fish and Wildlife Service — Federal Listing Categories: 

T = Threatened 
E = Endangered 
– = No status 

b California Department of Fish and Game — State Listing Categories: 
R = Rare 
E = Endangered 
– = No status 

c California Department of Fish and Game — California Rare Plant Ranks: 
1A = Presumed extinct 
1B = Plants rare, threatened, or endangered in California and elsewhere 
2 = Plants rare, threatened, or endangered in California, but more common elsewhere 

  Extensions: 
1 = Seriously endangered in California (> 80 percent of occurrences are threatened and/or high 
degree and immediacy of threat) 
2 = Fairly endangered in California (20 – 80 percent of occurrences are threatened) 
3 = Not very endangered in California (< 20 percent of occurrences are threatened or no current 
threats are known) 

Key: 
CRPR = California Rare Plant Rank 
Delta = Sacramento-Delta–Suisun Marsh 
State = State of California 
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Table 2-3.  Representative Sensitive Wildlife Species of Riverine, Wetland, Riparian, 
and Agricultural Communities in the Sacramento and San Joaquin Valleys and Delta 

Species Statu sa H abitat(s) 

Common Name Scientific Name USFWS/DFG 
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Invertebrates 

Valley elderberry longhorn 
beetle 

Desmocerus californicus 
dimorphus 

FT/–   •  

Fish 

Central Valley fall/late-fall-
run Chinook salmon Oncorhyncus tshawytscha FSC/CSC •    

Central Valley spring-run 
Chinook salmon Oncorhyncus tshawytscha FT/CT •    

Sacramento River winter-run 
Chinook salmon Oncorhyncus tshawytscha FE/CE •    

Central Valley steelhead Oncorhyncus mykiss FT/–  •    

Southern Distinct Population 
of the North American green 
sturgeon 

Acipenser medirostris FT/–  •    

Delta smelt Hypomesus transpacificus FT/–  •    

Longfin smelt Spirinchus thaleichthys –/CT  •    

Sacramento splittail Pogonichthys macrolepidotus –/CSC  •    

Hardhead Mylopharodon conocephalus –/CSC  •    

River lamprey Lampetra ayresii –/CSC  •    

Amphibians 

Foothill yellow-legged frog Rana boylii –/CSC •    

California red-legged frog Rana draytonii FT/CSC • • •  

Northern leopard frog Rana pipiens –/CSC • •   

Reptiles 

Western pond turtle Actinemys marmorata –/CSC • •   

Giant garter snake Thamnophis gigas FT/CT  •  • 

Birds 

Tricolored blackbird Agelaius tricolor –/CSC  •  • 

Swainson’s hawk Buteo swainsoni –/CT   • • 

Northern harrier Circus cyaneus –/CSC  •  • 

Western yellow-billed cuckoo 
Coccyzus americanus 
occidentalis FC/CE   •  
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Table 2-3.  Representative Sensitive Wildlife Species of Riverine, Wetland, Riparian, and 
Agricultural Communities in the Sacramento and San Joaquin Valleys and Delta (contd.) 

Species Statu sa H abitat(s) 

Common Name Scientific Name USFWS/DFG 
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Yellow warbler Dendroica petechia brewsteri –/CSC   •  

White-tailed kite Elanus leucurus FP/CSC  • • • 

Greater sandhill crane Grus canadensis tabida CT/FP  •  • 

Bald eagle Haliaeetus leucocephalus CE/FP •     

Yellow-breasted chat Icteria virens –/CSC   •  

California black rail Laterallus jamaicensis 
coturniculus 

–/CT, FP  •   

Suisun song sparrow Melospiza melodia 
maxillaries 

–/CSC  •   

Bank swallow Riparia riparia –/CT •    

Least Bell’s vireo Vireo bellii pusillus FE/CE   •  

Yellow-headed Blackbird Xanthocephalus 
xanthocephalus 

–/CSC  •   

Mammals  

Pallid bat Antrozous pallidus –/CSC •   • 

Western mastiff bat Eumops perotis –/CSC •   • 

Western red bat Lasiurus blossevillii –/CSC •   • 

Riparian (=San Joaquin 
Valley) woodrat Neotoma fuscipes riparia FE/CSC   •  

Salt-marsh harvest mouse Reithrodontomys raviventris FE/CE, FP  •   

Riparian brush rabbit Sylvilagus bachmani riparius FE/CE   •  

Sources: CNDDB 2011; DFG 2010 
Note: 
a Status definitions: 
 CE = California listed as endangered 
 CSC = California species of special concern 
 CT = California listed as threatened 
 FC = federal candidate for listing 
 FE = federally listed as endangered 
 FP = California fully protected  
 FSC = NMFS species of concern  
 FT = federally listed as threatened 
Key: 
– = no legal status 
Delta = Sacramento-San Joaquin Delta 
DFG = California Department of Fish and Game 
NMFS = National Marine Fisheries Service 
USFWS = U.S. Fish and Wildlife Service 
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Figure 2-7.  Fall-Run Chinook Salmon Historical and Current Distribution in 
Sacramento and San Joaquin Valleys 
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SRA habitat with overhead vegetation, in-water 

cover, and natural, often eroding, bank 

The altering of geomorphic processes as a result of construction of dams, 
diversions, revetment, levees, and other stressors has resulted in a 
substantial reduction in the extent of riparian vegetation along the 
Sacramento and San Joaquin rivers and their tributaries. Two important 
habitat components for salmonids, large woody material in river channels 
and shaded riverine aquatic (SRA) cover along channels, have been 

dramatically reduced from historical conditions. 

Large woody material consists of logs, typically 
more than 4 inches in diameter and more than 6 
feet long, lying in river or stream channels. This 
material provides valuable cover and resting 
habitat for fish. 

SRA habitat has three main attributes: (1) 
overhead vegetation, (2) in-water cover, and (3) 
natural, often eroding, bank (USFWS, 1992). 
Federal, State, and private application of bank 
protection has displaced much of the high-value 
SRA cover on the Sacramento River system. 
Current data shows that high-quality SRA, which 
includes all three of these attributes as defined by 

the USFWS, along the banks of the Sacramento River between Red Bluff 
and Verona has been substantially reduced from historic conditions (as 
described in Attachment 9G, Regional Permitting Options). 

The USFWS identifies SRA as a Resource Category 1 habitat under its 
Mitigation Policy on the Sacramento River system. Resource Category 1 
habitats are habitats “of high value for evaluation species” and are “unique 
and irreplaceable on a national basis or in the ecoregion section.” The 
USFWS mitigation goal for such habitats is “no loss of existing habitat 
value” (USFWS, 1981). Agricultural habitats of historical floodplains and 
flood basins have been affected by urbanization, availability of water 
supplies, technological changes, and construction of weirs, bypasses, and 
other flood control structures. Conversion to nonagricultural uses has been 
reducing the extent and quality of these agricultural habitats, as well as 
reducing the distribution and abundance of associated species, for several 
decades. Agricultural acreage peaked around 1959, and has since gradually 
declined as urban areas have expanded into the floodplains of the 
Sacramento and San Joaquin rivers. From 1990 to 2004, approximately 
95,000 acres of agricultural lands were converted to nonagricultural uses in 
the Sacramento and San Joaquin valleys (excluding the Tulare Lake Basin) 
(American Farmland Trust, 2007). 
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Upper Sacramento River Restoration near 
Kopta Slough 

Table 2-3 lists sensitive wildlife species representative of riverine, wetland, 
riparian, and agricultural habitats of the Sacramento and San Joaquin 
valleys and Delta, and the legal status of those species. 

2.3 Conservation Improvements 
and Progress 

Although the historical trend has been a widespread 
decline in wetland and riparian habitats, recent 
restoration efforts have started to reverse this trend 
in parts of the Sacramento and San Joaquin valleys. 
However, most habitat restoration efforts to date 
have involved planting riparian vegetation or 
creating wetlands rather than restoring fluvial and 
geomorphic processes that would promote natural 
habitat regeneration. Areas of riparian and wetland 
habitat that still exist, including areas of restored 
habitat, are primarily found between levees or 
within historical flood basins that serve as flood 
bypasses or are protected as wildlife refuges by 
State or federal agencies. 

State, federal, and local governments and private 
organizations have responded to environmental 
degradation of riparian and riverine ecosystems in 
the Sacramento and San Joaquin valleys by 
developing and implementing numerous restoration 
projects and programs, and by establishing wildlife refuges and other 
protected areas throughout the flood management system. Examples of 
these protected areas include Graylodge Wildlife Area in the Butte Basin, 
Sutter National Wildlife Refuge in the Sutter Bypass, Vic Fazio Yolo 
Wildlife Area in the Yolo Bypass, and the San Joaquin River National 
Wildlife Refuge. 

Several ongoing regional planning efforts in the CVFPP Systemwide 
Planning Area address specific conservation needs (see Attachment 9E: 
Existing Conservation Objectives from Other Plans). Examples include the 
SJRRP, CALFED Bay-Delta Program (CALFED) Ecosystem Restoration 
Program, Sacramento River Conservation Area Forum, Bay-Delta 
Conservation Plan (BDCP), various county-based NCCPs, and several 
species-focused recovery plans. 
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Coordinating with other 
planning efforts may increase 
economy and efficiency and 

can provide greater 
opportunities for effective, 
integrated, landscape-level 

conservation, including 
improving habitat connectivity 

and increasing the size of 
habitat preserves. 

Many restoration and other conservation projects have been completed, or 
are currently in progress, along rivers and streams in the Central Valley. 

Collectively, these projects involve many State and federal 
agencies (including DWR, the Board, DFG, USFWS, National 
Marine Fisheries Service (NMFS), U.S. Department of the 
Interior, Bureau of Reclamation (Reclamation), and USACE), 
conservation organizations, and local government agencies. 
Some of these projects are primarily targeted at habitat 
improvements, while others use habitat to solve flood 
problems (see Section 4.1, Progress in Flood and Ecosystem 
Integration, for examples). The following are additional 
examples of completed or in-progress conservation 
improvements: 

 Local districts have been involved in flood control efforts that have 
integrated flood and conservation improvements on the Feather and 
Bear rivers and the lower American River. On the Feather and Bear 
rivers, the Three Rivers Levee Improvement Authority (TRLIA) led a 
collaborative effort to set back levees from the main river, resulting in 
greatly reduced levee lengths needing maintenance and several 
thousand acres of new connected floodplains. Section 5.6.3, Corridor 
Management Strategy, describes a developing concept for coordinated 
planning for flood management and conservation, and its application to 
the lower Feather River. On the lower American River, the Sacramento 
Area Flood Control Agency (SAFCA) has collaborated with other 
agencies to develop bank protection sites that integrated riparian and in-
water habitat into the design.  

 Local Reclamation Districts (RD) in the Delta, with DWR local 
assistance funding, maintains and improves levees while also providing 
a net increase in habitat as required by Assembly Bill 360. 

 Central Valley Project (CVP) habitat conservation programs, which 
consist of the Central Valley Project Conservation Program and Central 
Valley Project Improvement Act (CVPIA) Habitat Restoration 
Program. These programs are managed cooperatively by Reclamation 
and USFWS, in coordination with DFG, and they fund acquisition, 
restoration, and other projects to improve Central Valley riparian 
habitat, wetlands, and other habitats. 

 The Riparian Habitat Joint Venture and the Central Valley Joint 
Venture, each of which are collaborative efforts among many public 
agencies and private organizations, conserve riparian and wetland 
habitats in the Central Valley. 
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Bank revetment along the Sacramento River 

 The Cosumnes River Preserve project integrates wildlife and 
compatible agriculture in an active floodplain. Key participants in this 
effort are the U.S. Bureau of Land Management, DFG, and The Nature 
Conservancy (TNC). Agricultural lands are farmed to produce crops 
during the dry season, while also providing valuable foraging habitat 
for Swainson’s hawks (Buteo swainsonii). Inundation of the floodplain 
during the winter benefits wintering migratory waterbirds and sandhill 
cranes (Grus canadensis tabida). 

2.4 Continuing Stressors 

This section describes the role of ongoing human modifications to the 
riverine and riparian ecosystem that could be most affected by the flood 
management system and its operations. These human modifications include 
levees and bank revetment, reservoir operation, water diversions, invasive 
species, and fish passage barriers. This section also discusses institutional 
challenges to habitat conservation. 

2.4.1 Levees and Bank Revetment 
In selected areas of the Sacramento and San 
Joaquin rivers, as in many places throughout the 
world, the use of levees and riprap has virtually 
halted natural river processes that create and 
maintain the complexity of aquatic and riparian 
ecosystems, such as river channel meander 
migration and creation of meander cutoffs 
(Naiman et al., 1993; Lytle and Poff, 2004). 

High O&M costs are driven in part by the current 
footprint of the levee system, which at many 
locations is at odds with natural geomorphic 
processes. The Flood Control System Status 
Report (DWR, 2011) documents many historical erosion distresses and 
levee slope instability locations throughout the system, as well as current 
river reaches with high hazard levels for seepage, erosion, and slope 
stability. 

Levees disconnect channels from the floodplain, and thus eliminate or 
reduce overbank flows. Overbank flows provide access by native fish to the 
floodplain, and water, sediment, nutrients, and seeds to the floodplain, and 
thus, maintain floodplain ecosystems. 

Bank revetment and levees also reduce the potential for channel migration. 
Two important aspects of habitat for salmonids and other native fish 
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species are affected by a reduction in channel migration: (1) SRA cover 
(Fris and DeHaven, 1993), and (2) large woody material. 

2.4.2 Dams 
The most important impacts of dams on the hydrology of downstream river 
reaches are (1) decreases in flow peak frequency, magnitude, and duration, 
and (2) increases in the frequency, magnitude, and duration of low flows 
(Singer, 2007). These effects are discussed in Section 2.2.1, River Flow 
and Hydrologic Processes. 

Dams trap bedload that would normally be deposited downstream; larger 
dams also trap most suspended sediment. In addition, larger dams change 
the magnitude and frequency of flows, affecting sediment transport in the 
lower river below. Over time, the channel degrades due to the loss of 
sediment and bedload input and becomes entrenched and static. With the 
loss of sediment input, channel riffles that provide seasonal habitat for 
salmonid spawning, develop a coarser surface layer with gravel particles 
too large for most flows to move and, as a result, may no longer provide 
usable spawning habitat for salmonids. As channel and existing floodplain 
conditions between the levees become relatively static, these floodplain 
substrates cease to be reworked by the stream flows and vegetation remains 
unchanged, gradually becoming a mature riparian forest without 
succession, regeneration, and regrowth (Jones & Stokes, 1998; Friedman et 
al., 1998). 

2.4.3 Diversions 
Various agricultural landowners and municipal water districts have 
constructed numerous water diversions that pump water directly out of the 
Sacramento and San Joaquin rivers and their tributaries. For example, an 
inventory of water diversions estimated that 722 such diversions are 
present along the Sacramento River and in the San Joaquin River Basin 
(Herren and Kawasaki, 2001). Many of these diversions are greater than 
250 inches in diameter (Moyle and White, 2002). 

In the San Joaquin River downstream from Friant Dam, the magnitude of 
diversion of water from the river channel into the Friant-Kern and Madera 
canals and the bypass system (bypasses only have substantial flows during 
floods) has eliminated flows to the San Joaquin River, effectively 
eliminating salmonid populations upstream from the confluence of the San 
Joaquin River with the Merced River. 

2.4.4 Invasive Species 
Invasive plant species can alter hydrology and sedimentation rates in 
riparian and aquatic systems (Cal-IPC, 2011a) and provide substantially 
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Giant reed (Arundo donax) infestation along the 

Sacramento River 

lower wildlife habitat value. Dense stands of 
invasive species can alter channel morphology by 
increasing the hydraulic roughness of a channel 
and capturing and retaining sediments. This 
restricts flows and reduces flood conveyance 
(Hunter and Platenkamp, 2003; Bossard et al., 
2000). For example, saltcedar (Tamarix spp.) and 
giant reed (Arundo donax) trap and stabilize 
alluvial sediments, resulting in the narrowing of 
stream channels and more frequent flooding 
(Bossard et al., 2000). Invasive species can also 
quickly colonize recently disturbed areas, 
outcompeting and preventing native riparian 
vegetation from establishing. Nonnative fish 
species can prey on young native fish species and 
aquatic invasive invertebrates can displace more 
nutritious prey species. 

2.4.5 Fish Passage Barriers 
Fish passage barriers, such as dams, weirs, and water diversions for 
agricultural and municipal uses, have greatly reduced the amount of 
salmonid habitat in the Sacramento and San Joaquin River basins, and 
many diversions also cause the direct mortality of fish. The effects of 
passage barriers on salmonids differ by species and race, as described 
below. Most species and runs of salmonids have been adversely affected by 
the construction of dams and similar passage barriers 
in the Sacramento and San Joaquin River basins. 
Figure 2-7 illustrates the loss of habitat for fall-run 
Chinook salmon (Oncorhyncus tshawytscha). 
However, spring-run Chinook salmon and steelhead 
(Oncorhyncus mykiss) have likely been the most 
seriously affected, in terms of direct habitat loss, by 
construction of passage barriers. Steelhead spawning 
habitat loss from construction of passage barriers has 
been estimated at 80 percent (Lindley et al., 2006). 
Construction of passage barriers has also been a 
stressor on winter-run Chinook. Construction of 
Shasta Dam has almost completely eliminated historical holding and 
spawning grounds for winter-run Chinook salmon. Attachment 9C: Fish 
Passage Assessment contains greater detail on fish passage barriers in the 
Systemwide Planning Area. 

Examples of Barriers to Fish 
Passage 
Dams 
Road Crossings 
Diversions 
Flood Control Channels 
Weirs 
Culverts 
Pumping Plants 
Flow Measurement Weirs 
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2.4.6 Institutional and Other Challenges 
In addition to the above physical stressors, habitat conservation within the 
flood management system has faced a variety of institutional challenges. 
As with many systems of this magnitude, one of the more significant 
challenges has been the continual need for adequate funding and broad 
public understanding and support for conservation. As a result, projects for 
a variety of different purposes (such as flood management, water supply, 
land use, transportation, recreation, and ecosystem conservation) have often 
been planned in a piecemeal manner, resulting in conflicts, inefficiencies, 
and missed opportunities for cost-sharing on common goals. 

In recent years, public agencies have been developing more integrated 
regional planning approaches that are overcoming these challenges. 
Attachment 9E: Existing Conservation Objectives from Other Plans 
provides examples of such existing regional conservation planning efforts 
in the Sacramento and San Joaquin valleys. 

Insufficient scientific and planning data is another challenge for making 
informed decisions related to habitat conservation efforts in the flood 
management system. Gaps in this knowledge include high-quality and 
detailed regional data sets on vegetation, public land ownership, locations 
of sensitive species, understanding of key species conservation needs, 
shared information about the importance and benefits of active floodplains, 
and modeling of flood and ecosystem interactions. A variety of agency 
programs and regional planning efforts are making progress to fill these 
gaps, but more work is still needed. 

2.5 Increasing Stress Resulting from Rapidly 
Changing Climate 

Rapid climate change resulting from human activities is expected to have 
profound effects on the riparian and riverine ecosystems of the Sacramento 
and San Joaquin rivers and their tributaries. This section describes these 
effects and consequences for flood management and ecosystem restoration, 
and is largely based on Managing an Uncertain Future: Climate Change 
Adaptation for California’s Water (DWR, 2008). 

The main direct and indirect effects on California water resources would 
likely include higher temperatures, a reduced Sierra Nevada snowpack, 
more intense and more frequent droughts, more frequent high flood flows, 
more frequent and more intense wildfires, more erosion and sedimentation 
throughout watersheds, increased agricultural and municipal water demand, 
reduced water quality, and sea-level rise. 
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Although each of these effects can be considered a stressor, the potential 
effects of climate change most directly affecting Sacramento and San 
Joaquin riparian and riverine ecosystems, such as increased temperatures 
and droughts, increased flood frequency, and sea-level rise, have affected 
natural ecosystems for thousands of years. Thus, natural adaptation of 
ecosystems and native species could be expected under natural conditions. 

However, the climate is not known to have changed as rapidly as is 
happening now. In addition, riparian and riverine ecosystems are already 
being subjected to a number of other human-induced stressors that reduce 
their ability to adapt to climate change. Examples of current stressors that 
reduce the ability for species and ecosystems to respond to climate change 
include fragmentation of contiguous habitat corridors, flow alteration 
and/or vegetation loss that results in increased water temperatures, reduced 
connectivity between channels and floodplains, lack of space for tidal 
marshes to accommodate sea-level rise, continued land subsidence, and 
loss of upper watershed forest and meadow systems. Providing additional 
capacity in the system would allow for more flexibility to support a 
changing hydrograph and reduce risk of levee erosion, while 
accommodating ecosystem functions. 
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3.0 Conservation Goals 
As mentioned in Section 1, Introduction, the CVFPP has one primary goal 
and four supporting goals: 

 Primary Goal 

- Improve Flood Risk Management 

 Supporting Goals 

- Improve O&M 

- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 

The Conservation Framework is supportive of these 
goals and provides more specific conservation goals 
to better articulate and guide the integration of 
conservation and flood management policies, 
programs, and actions. 

The following conservation goals are based on 
environmental objectives in the Central Valley 
Flood Protection Act of 2008:1 

 Improve and enhance natural dynamic 
hydrologic (flow) and geomorphic processes 
in the flood management system – These ecosystem processes are 
critical for maintaining habitats and species. Natural hydrologic 
processes provide the diversity of flows necessary to sustain fisheries 
and riverine habitats. These flows, in turn, sustain geomorphic 
processes that are essential for maintaining a variety of habitats on 
which species depend. 

 Increase and improve the quantity, diversity, quality, and 
connectivity of riverine habitats including the agricultural and 
ecological values of these lands – These include aquatic, riparian, 

                                                           
1 California Water Code Section 9616 (a). 

Central Valley Flood 
Protection Act of 2008 
California Water Code Section 
9616 (a). 
Environmental Objectives 

 Promote natural dynamic hydrologic 
and geomorphic processes. 

 Increase and improve the quantity, 
diversity, and connectivity of riparian, 
wetland, floodplain, and shaded 
riverine aquatic habitats, including 
the agricultural and ecological values 
of these lands. 

 Promote the recovery and stability of 
native species populations and 
overall biotic community diversity. 
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Inundated floodplain 

wetland, floodplain, and SRA habitats, as well as agricultural lands that 
provide important wildlife values. 

 Contribute to the recovery and stability of 
native species populations and overall 
biotic community diversity – These include 
species whose long-term viability is at risk. 
Although the above two goals are the 
foundation for species conservation, this goal 
also includes contributing to species recovery 
goals, avoiding and minimizing adverse 
effects on sensitive species, and developing 
offsite compensatory habitat. 

The Conservation Framework has three additional 
conservation goals that contribute to conservation success: 

 Reduce stressors related to the development and operation of the flood 
management system that negatively affect important species (e.g., loss 
and degradation of ecosystem functions and habitat, invasive species, 
impairments to in-stream water quality and flows, fish passage barriers) 

 Increase support and collaboration among flood managers, regulatory 
agencies, local NCCP and HCP planning staff, environmental 
nongovernmental organizations (NGO), and agricultural interests for 
multi-benefit flood projects by achieving the following: 

- Increasing the use of collaborative regional planning and 
sustainable long-term approaches that provide multiple benefits 
(flood risk reduction, water supply, habitat, agricultural 
stewardship, recreational opportunities, and others) 

- Improving environmental benefits from all flood projects  

- Reducing long-term costs for O&M and repair in flood-prone areas 

- Improving efficiency and effectiveness of flood project 
environmental approval 

 Increase the quality of environmental information and tools for 
informing flood management and conservation activities 

Consistent with the level of detail of the current planning phase, more 
specific and measurable objectives for these goals have not yet been 
developed. Such objectives require more extensive discussions with 
interested organizations so that they are achievable and reasonable. 
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However, readers may be interested in reviewing measurable biological 
objectives from other conservation plans that overlap with the CVFPP 
Planning Area (see Attachment 9E: Existing Conservation Objectives from 
Other Plans). These give an indication of the types and magnitude of 
objectives being used by other agencies and organizations. 

Ideally, objectives are clearly articulated descriptions of a measurable 
standard, desired state, threshold value, amount of change, or trend to be 
achieved. They help planners to evaluate more carefully the desired future 
conditions, what it might take to achieve those conditions, and what to 
monitor to track progress and successes. They contain information about 
the indicator being measured (types, specific attributes, desired values) as 
well as the geographic extent and time frame over which this will be 
achieved. 

Some examples of potential indicators to consider for objectives are listed 
in Section 6, Indicators of Success. The Conservation Strategy, as 
described above, will be more specific about these objectives. 
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Integrated Flood Management 
An approach to dealing with flood risk 
that recognizes the: 

 Interconnection of flood management 
actions within broader water resources 
management, ecosystems, and land 
use planning 

 Value of coordinating across 
geographic and agency boundaries 

 Need to evaluate opportunities and 
potential impacts from a system 
perspective 

 Importance of environmental 
stewardship and sustainability 

 Value of rural farms and communities 

4.0 Integration of Conservation and 
Flood Management 

This section provides information about how environmental stewardship 
can be integrated with other flood management 
actions and describes the conservation aspects of 
the SSIA. The SSIA is described more fully in 
Chapters 3 and 4 of the CVFPP. Readers will 
understand the context of this section more fully by 
reading relevant sections of the CVFPP. 

Integrated flood management is an approach to 
dealing with flood risk that recognizes the 
interconnection of flood management actions 
within broader water resources management and 
land-use planning; the need to consider existing 
land use; the value of coordinating across 
geographic and agency boundaries; the need to 
evaluate opportunities and potential impacts from a 
system perspective; the importance of 
environmental stewardship and sustainability; and 
the value of rural farms and communities. Ways of 
using integrated flood management to 
simultaneously address flood and ecological challenges are presented in 
Section 4.1, Progress in Flood and Ecosystem Integration. 

Improvements in habitats and populations of sensitive species will help 
deliver flood projects more efficiently and effectively and facilitate 
regulatory approval. When included as part of project design, ecosystem 
restoration and recreational benefits can help justify project funding where 
traditional benefit-cost ratios are low. As described in the CVFPP, more 
flexibility in the regulatory framework would allow the flood management 
system to be managed in a more integrated fashion that concurrently and 
efficiently achieves flood management and environmental goals. For 
example, some of the challenges include complex processes for developing 
management agreements, safe harbor agreements, and permits under 
multiple environmental laws; constraints imposed by regulated work 
windows; and potential increases in maintenance costs to accommodate 
improvements in habitat. As part of the development of the Conservation 
Strategy, DWR will work with local maintaining agencies and regulatory 
and resource agencies to address the integration of planning and 
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Monkeyflower (Mimulus guttatus) blooming 

along the Sacramento River 

management of the flood control system. In addition, the State is interested 
in coordinating and forming partnerships with the 
agricultural community, consistent with many of 
the findings of the Agricultural Stewardship 
Scope Definition Subcommittee. 

The SSIA reflects the State’s vision for 
modernizing the SPFC to address current 
challenges and future trends and to meet CVFPP 
goals.The SSIA includes a broad range of 
physical and institutional flood damage reduction 
actions to improve public safety and achieve 
economic, environmental, and social 
sustainability. The SSIA will entail modifying 
and/or clarifying current flood management 
policies, authority, roles, and responsibilities for 

State, federal, and local partners. 

The SSIA will guide future State participation in projects and programs for 
integrated flood management in the Central Valley. The Conservation 
Framework is an integral part of the SSIA. Concepts for including 
conservation elements into flood management actions systemwide, as well 
as region-specific actions, are integrated into the SSIA. All levels of 
CVFPP project planning and development will consider opportunities to 
integrate ecosystem enhancements with flood damage reduction projects. 

Building on the CVFPP’s description of major physical elements, this 
section describes ways in which those elements can be implemented to 
provide environmental benefits. It provides some key principles for 
improving integration of environmental stewardship and flood management 
and illustrates (Section 4.1, Progress in Flood And Ecosystem Integration) 
how flood management has already been using environmental approaches 
to solve flood management problems. 

Section 4.2, Improvements Applicable to All Planning Areas, provides 
more information about how the CVFPP’s physical improvement elements 
can be implemented to provide environmental benefits and solve flood 
management challenges. Section 4.3, Conservation Opportunities by 
Planning Area, provides more regional specificity about opportunities for 
integrating flood safety and ecosystem improvements. These physical 
improvement elements require further detailed analyses to refine how 
elements may complement each other and to develop appropriate 
justification for selected on-the-ground projects. Since the SSIA reflects a 
broad vision for SPFC modernization, element refinements, additions, and 
deletions can be expected as a result of future feasibility studies. Chapter 
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4.4 of the CVFPP provides more information about how DWR will refine 
this planning during the next phase. 

To successfully carry out integration of conservation and flood 
management, the State’s preferred approach as it evolves will be guided by 
the following principles: 

 Focus on restoring and maintaining hydrologic, geomorphic, and 
ecological processes that are critical to meeting conservation goals. 
This requires an understanding of the basic causes of environmental 
degradation and their contribution to the current ecosystem status. 

 Keep long-term success, not short-term gains, as the objective. This 
will require long-term management and monitoring of ecological 
conditions and trends at the regional and project scales, and 
incorporating adaptive management (see Section 5.8, Adaptive 
Management, for a thorough discussion of adaptive management). 
Using self-sustaining solutions that require minimal maintenance also 
will be important. 

 Implement restoration projects in locations that can achieve the greatest 
ecological and other benefits for the investment, in the context of 
reducing broad regional or systemwide stressors, while minimizing the 
impacts to agricultural practices vital to the subsistence of the rural 
community. 

 Collaborate with local agencies and experts in flood management, 
ecosystem restoration and enhancement, and farming to demonstrate 
integrated planning and implementation. 

 Take actions that accommodate multiple interests and build public 
support for conservation actions. Successful use of this principle 
includes understanding the needs of, and coordinating with potential 
partners (including agricultural landowners and environmental 
interests) early in the process. This would promote the design of 
projects that enhance opportunities for cost-sharing among 
collaborators and solutions that optimize benefits to various 
stakeholders while meeting CVFPP goals. 

4.1 Progress in Flood and Ecosystem Integration 

Flood managers in the Central Valley have a history of using 
environmental approaches to solve flood management problems, and they 
continue to do so. This section illustrates that history and current activity 
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Colusa Bypass, demonstrating integrated flood 

management 

by describing several examples of 
environmental approaches that achieve 
effective and environmentally beneficial 
flood management. These include (1) use of 
vegetation for flow and erosion management, 
(2) construction of setback levees to 
accommodate floodflows and geomorphic 
processes, and (3) construction of wide 
bypasses with native vegetation and 
agricultural crops that serve as floodplains. 

Vegetation has been used to improve flood 
management for decades in the Central 
Valley, while also providing habitat. In-

channel vegetation helps to accomplish the following: reduce the velocity 
of flood-flows, reduce deposition of coarse sediments on agricultural lands, 
filter out water contaminants, and reduce levee erosion. The riparian forest 
at the mouth of the Butte Basin (known as the Butte Slough Reclamation 

Board Forest) was initially established in the 
1940s, and still functions as designed to prevent 
rapid drainage of the Butte Basin, which would 
overwhelm the Sutter Bypass downstream. 
Likewise, the forest at the mouth of the Colusa 
Bypass has helped slow the velocity of 
floodwaters coming over the Colusa Weir, thereby 
allowing gravels to deposit among the trees, rather 
than on the valuable agricultural lands 
downstream. 

In addition to its role in reducing the velocity of 
flood-flows throughout the system, waterside 
vegetation along levees reduces erosion. Since 
1955, the USACE Standard Operation and 
Maintenance Manual for the Sacramento River 
Flood Control Project has recommended retaining 
brush and small trees, where desirable, specifically 
for this purpose. Vegetation planted on levees on 

the Sacramento River and the American River is used in places to provide 
riparian and wetland habitat, improve levee resistance to erosion, and 
reduce the prevalence of burrowing mammals. 

Example of Vegetation 
Reducing Erosion Potential 
The Yolo Causeway, which crosses the 
Yolo Bypass, has a raised foundation 
(similar in nature to levees) that is 
exposed to strong southerly winds during 
major storm events. When this bypass is 
deeply flooded, as it is in wet years such 
as 2011, these winds generate large 
whitecapped waves, with high erosive 
potential, against the south-facing 
causeway foundation. Tule marshes 
immediately adjacent to this foundation 
dramatically absorb this wave energy 
and erosion potential, resulting in 
relatively calm water between the tule 
marshes and the causeway. 
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Bear River Levee Setback Project constructed by 

TRLIA in 2005-06 

Setback levees have been constructed 
throughout the Central Valley over the last 
100 years that allow for an increase in the 
conveyance capacity, reduce levee costs, and 
provide a variety of additional benefits. 
Compared to reaches where levees closely line 
river channels, reaches with setback levees 
have greater floodway capacity, and provide 
some additional transitory storage of 
floodwaters. Levees that are farther away from 
the river result in less erosional forces directed 
on the levees. 

Floodwaters are spread out over the floodplain 
between the levees, which reduces flood velocities and levee erosion, 
potentially reducing the frequency and cost of maintenance and repair. 
With greater room to meander in wider floodways, rivers can maintain 
geomorphic processes (as described in Section 2.2.2, Geomorphic 
Processes and Channel and Floodplain Dynamics) and more effectively 
transport sediment and flows. Some river reaches with setback levees 
currently support flood-compatible agriculture on the floodplain, as well as 
SRA, riparian, and other habitats. 

Long reaches with setback levees occur on the upper Sacramento River, the 
lower Feather River, and the lower San Joaquin River. Shorter reaches with 
setback levees occur throughout the system, including the lower 
Sacramento River and the Delta. Recognizing the multiple benefits of 
setback levees, flood agencies have reconstructed levees farther from river 
channels in several places, such as at the mouth of the Bear River and along 
the lower Feather River. In the Delta, small levee setbacks were 
constructed on Sherman and Twitchell islands to create SRA, riparian, and 
tidal marsh habitats while significantly decreasing erosion and stabilizing 
levees. A setback levee constructed on Liberty Island and Cache Slough 
created shallow water habitat that is prime delta smelt (Hypomesus 
transpacificus) habitat. 

Wide bypasses, such as the Yolo and Sutter bypasses, do not support the 
geomorphic processes of rivers, but shallow flooding is very productive for 
rearing juvenile fish (Sommer et al., 2003). In these bypasses, a variety of 
row and field crops are grown on productive agricultural land. These 
agricultural lands provide valuable habitat for special-status species. For 
example, rice fields are used by giant garter snakes, grain fields are used by 
greater sandhill cranes, and a variety of row and field crops are used by 
Swainson’s hawks. 
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Two other long-term efforts help illustrate flood and ecosystem integration. 
For many years, the DWR Delta Levees Program has been successfully 
integrating flood and ecosystem restoration. The Sherman Island and 
Twitchell Island setback levee and habitat enhancement projects are 
excellent examples of improving and maintaining levee integrity and 
stability, while implementing habitat development that augments the 
existing riparian vegetation and provides habitat for native species. DWR 
administers this program in close coordination with DFG staff and local 
RDs. The program supplies local assistance funds to more than 60 RDs in 
the Delta and Suisun Marsh to maintain and improve the flood control 
system in the legal Delta. The authorizing legislation mandates that all 
habitat impacts associated with levee improvements be mitigated and result 
in long-term net habitat improvement. 

Along the Cosumnes River, State, federal, and local governments have 
been working closely with conservation organizations, local landowners, 
and water and flood control agencies as part of the Cosumnes River 
Preserve for several decades. The project encompasses the entire watershed 
of the river, and it is a broad-based effort to restore and protect the integrity 
of the river and associated landscapes, including Central Valley habitats 
and wildlife. The preserve serves several purposes, including protecting 
riparian forests and habitat for wintering and migratory birds, 
accommodating natural flooding patterns and floodplain processes, 
protecting important agricultural land use and providing valuable open 
space. 

In addition to these long-standing integrated efforts, other ongoing efforts 
integrate flood management and ecosystem restoration. In the Delta, on 
McCormack-Williamson Tract, such integration is a primary component of 
the proposed North Delta Flood Control and Ecosystem Restoration 
Project. The purpose of the project is to achieve flood control, ecosystem 
restoration, and recreational benefits in the area of the North Delta where 
the Mokelumne River, Cosumnes River, Dry Creek, and Morrison Creek 
converge. The actions proposed on McCormack-Williamson Tract also will 
benefit surrounding agricultural lands by providing additional flood 
protection. This includes the degradation of the northeast levee to act as a 
fixed weir, attenuating the peak flow during high-water events. 

4.2 Improvements Applicable to All Planning 
Areas 

This section describes how CVFPP’s physical improvements can be 
implemented and integrated to provide environmental benefits while also 
reducing the risk of damaging floods, lowering long-term O&M costs, and 
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improving institutional support while minimizing any adverse impacts to 
flood flow conveyance. Physical improvements could also provide other 
benefits, including improved water quality, groundwater recharge, and 
open space benefits; and some actions would conserve agricultural land. 

These improvements, more fully described in the CVFPP, are applicable to 
all of the planning areas, although their site-specific implementation 
depends on more detailed assessment and planning. Their potential 
application will be refined and further developed through regional and local 
planning efforts. The specific project features that are ultimately 
implemented will depend on many factors that cannot be determined or 
evaluated at a programmatic level for the 2012 CVFPP. These factors 
include detailed project designs and costs; environmental benefits and 
impacts; interaction with other local projects and system improvements; 
participation by State, local, and federal agencies in project 
implementation; and changing natural and institutional conditions. 

Broadly applicable improvements include the following: 

 Corridor management planning (Section 4.2.1) 

 Ecological restoration (Section 4.2.2) 

 Fish passage (Section 4.2.3) 

 Easements (Section 4.2.4) 

 Landowner incentive programs (Section 4.2.5) 

 Levee maintenance and repair (Section 4.2.6) 

 Floodway management (Section 4.2.7) 

 Levee construction, reconstruction, and improvement (Section 4.2.8) 

 Setback levees (Section 4.2.9) 

 SPFC facilities removal (Section 4.2.10) 

 Flood control structures (Section 4.2.11) 

 Floodwater storage and reservoir forecasting, operations, and 
coordination (Section 4.2.12) 

 Land-use coordination to reduce peak runoff (Section 4.2.13) 
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 Regional environmental permitting (Section 4.2.14) 

 Bypass expansion and construction (Section 4.2.15) 

 Recreation opportunities (Section 4.2.16) 

Table 4-1 shows how these improvements can be used to address the major 
flood and ecological challenges that confront the flood management system 
in the Central Valley. 
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Table 4-1.  Potential Improvements Related to Key Problems 
Problem1 Potential Improvements2 

Risk/Likelihood of Uncontrolled Flooding 

Channels do not have sufficient capacity for 
current or future expected flows 

 Setback levees, bypass expansion and/or 
construction: both can expand capacity

 Floodway management: can expand capacity by well-
planned lowering of floodway elevations 

Obstacles are present to flow in channels, 
choke points (bridges, vegetation, sediment 
load) 

 Setback levees, bypass expansion and/or 
construction: both can expand capacity

 Floodway management: can provide habitat where it 
does not significantly impede flows 

Levee structural integrity is compromised; 
levees are subject to failure; continual 
repairs are made to levees  

 Setback levees: can reduce erosive forces on 
levees

 Levee maintenance and repair, floodway management: 
vegetation on waterside of levees can help reduce 
erosion 

Reservoir flood storage is inadequate for 
major storm events; high flows threaten 
levee stability 

 Floodwater storage and operations: can moderate 
flows

 Setback levees, bypass expansion and 
construction: can expand capacity and reduce 
intensity of flows

 Land use coordination: can reduce runoff by improving 
vegetative cover, water retention, and absorption in 
uplands and watersheds 

Ongoing expensive repairs are needed   Setback levees: can reduce repair costs by 
reducing erosive forces on levees 

 Levee maintenance and repair, floodway management: 
vegetation on waterside of levees can help reduce 
erosion 

Consequences and Damages from Flooding 
Development behind levees that are not 
designed to protect valuable land use or 
infrastructure 

 Easements: can reduce development pressure and 
risk of serious consequences from flooding

 Land-use coordination: can help keep development and 
major infrastructure out of flood-prone areas 

Project delays due to environmental 
permitting processes 

 Corridor management strategy: can provide early 
integrated environmental planning as part of project 
design

 Ecological restoration, fish passage improvements: can 
reduce need for compensatory mitigation if part of flood 
project design

 Regional environmental permitting: can provide mitigation 
in advance of flood project development. 

Reduced water quality due to flooding and 
runoff from agricultural/urban lands; 
mobilization of hazardous materials or 
contaminants 

 Ecolo gical restoration: wetlands can filter nutrients 
and impurities from runoff, process organic wastes, 
capture high sediment loads

 Land-use coordination: can reduce runoff by improving 
vegetative cover, water retention, and absorption in 
uplands and watersheds
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Table 4-1.  Potential Improvements Related to Key Problems (contd.) 
Problem1 Potential Improvements2 

Sediment deposition and flooding of private 
agricultural lands 

 Flood control structures: vegetation can increase 
sediment deposition near river (such as Colusa 
Bypass)

 Setback levees, bypass expansion and construction: can 
expand capacity to accommodate greater flood events 
within floodway

Ecological Challenges 

Loss of ecosystem processes 

 Ecosystem processes can be improved with:
 F loodway management
 Setback levees
 SPFC facilities removal
 Flood control structure modification

 Floodwater storage and operations
 Ecolo gical restoration
 Fish passage

Alteration of natural flow regime 

 Natural flow regimes can be improved with: 
 Setback levees 
 SPFC facilities removal  

 Floodwater storage and operations
 Ecolo gical restoration
 Fish passage
 Flood control structure modification 

Loss and degradation of habitat 

 Habitat quantity and quality can be improved with:
 Levee and floodway management
 Setback levees
 Expanded or new bypasses
 Easements 
 SPFC facilities removal

 Ecolo gical restoration
 Fish passage
 Lan d-use coordination

Loss of floodplain food web productivity 

 Floodplain food web productivity can be improved 
with:

 Levee and floodway management
 Setback levees
 Expanded or new bypasses

 SPFC facilities removal
 Ecolo gical restoration

Potential conflicts between vegetation and 
flood risk reduction 

 Conflicts can be reduced with: 
 Levee and floodway management 
 Setback levees 

 Expanded or new bypasses
 Corridor management strategies
 Lan d-use coordination

Fish passage barriers 

 Fish passage can be improved with:
 F loodway management
 Flood control structure modification
 Floodwater storage and operations

 Ecolo gical restoration
 Fish passage

Key: 
1  Identified in CVFPP Interim Progress Report #1 
2  See additional descriptions of these improvements common to all planning areas in following sections. 
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Feather River 

4.2.1 Corridor Management Strategy 
Corridor Management Strategy (CMS) is a developing concept for 
improving flood management and ecological 
conditions at scales that are both manageable and 
flexible to meet multiple needs. The geographic 
scope needs to be local enough to foster strong field-
based partnerships, and still broad enough for 
multiple projects to collectively meet multiple 
needs. The CMS concept has substantial promise for 
meeting many CVFPP goals. This concept is being 
applied on the lower Feather River where DWR is 
developing the Lower Feather River Corridor 
Management Plan (CMP) to establish a vision for 
future management, restoration, and maintenance of 
flood control facilities, conveyance channels, 
agricultural lands, and floodplain and related habitat. 
The CMP will implement the new collaborative concept for planning, 
designing, and implementing projects within and adjacent to flood control 
features that DWR is responsible for maintaining and repairing. The 
experience from this effort will inform the development and use of the 
CMS in other parts of the flood management system. Further details are 
provided in Section 5.6.3, Corridor Management Strategy. 

4.2.2 Ecological Restoration 
As described in Section 2, Floodway Ecosystem Status and Trends, 
improving species populations and habitat in the flood system depends on 
improving hydrologic and geomorphic processes. When these processes 
function well, efforts for species and habitat conservation are easier, less 
costly, and have higher long-term viability. 

Restoration and maintenance of these ecosystem processes, habitats, and 
species populations are needed throughout the entire system, particularly 
where large gaps in connectivity exist. DWR will particularly be working 
collaboratively with other organizations to connect riparian habitat from the 
Delta to Red Bluff and Oroville. In an initial analysis of the physical 
potential to reconnect floodplains (connected floodplains were defined as 
nonurban areas having a 50 percent annual exceedence probability (AEP) 
of being inundated at least 1 foot under the current flow regime), there are 
potentially more than 320,000 acres of hydraulically connected floodplain 
within the Systemwide Planning Area (see Attachment 9F: Floodplain 
Restoration Opportunity Analysis). Sixty percent of this floodplain acreage 
is currently disconnected from the river system by levees. 
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New plantings within the Bear River Levee 

Setback Area 

Through implementation of the CVFPP, the State will more fully integrate 
ecosystem restoration into the project design. One of the primary means of 
accomplishing this is by leveraging flood system improvements to create 
habitat through levee setbacks and the extension and expansion of bypass 

systems. Although setting back levees and 
expanding bypasses is the primary means to 
restore floodplain habitat, other opportunities to 
integrate ecosystem restoration will include 
controlling invasive species, planting SRA, and 
removing barriers to fish migration. 

In addition to ecological restoration efforts, 
impacts to the environment must be avoided, 
minimized, and compensated through mitigation, 
consistent with State laws, such as California 
Environmental Quality Act (CEQA), CESA and 
California Fish and Game Code Section 1600. 
The most preferable, and often most cost-
effective approach, is to incorporate ecosystem 

improvements into project design. A plan that fully integrates flood 
protection and ecosystem stewardship would facilitate plan implementation 
and ongoing O&M. Where impacts cannot be avoided, mitigation will be 
required. Mitigation is preferable onsite, but if not feasible, off-site 
mitigation is required. The State will also develop projects that improve 
and restore ecosystem processes and habitat where important restoration 
opportunities exist. Opportunities will be sought to collaborate and cost-
share with other existing conservation efforts, such as those described in 
Attachment 9E: Existing Conservation Objectives from Other Plans. 

In addition to project-by-project mitigation, the State is developing regional 
or programmatic mitigation approaches. Two examples are the Delta 
Levees Program and RAMP. In the Delta Levees Program, DWR and DFG 
are moving toward programmatic mitigation to accomplish legislative 
mandates in the legal Delta (CWC Section 12220) and provide better 
service to the RDs and increase public safety. The goal of programmatic 
mitigation would be to identify sites in the best locations for each type of 
habitat typically needed to offset unavoidable habitat damage associated 
with levee improvement projects and protect them in advance of the 
impacts. Programmatic mitigation is being developed to create mitigation 
credits for the local maintaining agencies that participate in the Delta 
Levees Program. Habitat enhancement/improvement, above and beyond 
required mitigation, is being developed separately. Funding and staff are 
already being dedicated to moving this effort forward and could 
complement restoration work undertaken within the Conservation Strategy. 
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Similarly, DWR has joined with several State and federal agencies to 
promote the creation of advance mitigation and conservation sites 
throughout the State under a program called RAMP (see Section 5.6.5, 
Regional Advance Mitigation Planning). The RAMP initiative is 
identifying tools that can help identify potential mitigation and 
conservation sites that meet multiple objectives, and are finding innovative 
ways to leverage multiple funding sources that allows for larger sites than 
could be accomplished using project-by-project funding. The first pilot 
project in the upper Sacramento River watershed will directly support 
potential work on SPFC facilities. 

The State plans to develop methods to track habitat conservation and 
restoration efforts to inform resource agencies and the public about system 
improvements (see Section 6, Indicators of Success). 

The State will take advantage of opportunities within the SPFC to improve 
aquatic habitat by restoring river flows and ecosystem processes, removing 
fish passage barriers, and enhancing suitable river gravels for fish spawning 
below major dams and in other creeks and streams where suitable spawning 
gravels are limited. 

4.2.3 Fish Passage 
Fish passage in Central Valley rivers and streams is impaired by a variety 
of obstacles, only some of which are related to flood management facilities 
and operations. Attachment 9C: Fish Passage Assessment identifies fish 
passage barriers within the CVFPP Systemwide Planning Area and 
highlights those that are part of the SPFC and are most ecologically 
important to remove. 

Improving fish passage is an important system improvement, but it can be 
complex and costly. Current flood management funding is limited to 
making improvements related to, or beneficial to, SPFC facilities. 
However, Attachment 9C: Fish Passage Assessment provides a broader 
assessment of systemwide passage improvement projects to provide 
context for developing future flood management funding with potentially 
broader scopes. Attachment 9C: Fish Passage Assessment also provides 
context for flood managers about other passage improvement projects that 
other DWR programs and agencies are currently engaged in planning or 
funding. Flood managers can coordinate with these other programs and 
seek opportunities to develop passage improvement projects that meet the 
needs of multiple programs. 

DWR will work with other organizations to improve fish passage at flood 
diversions, flashboard dams, flood management structures, and pumping 
stations. This includes connecting fishery habitat along the main-stem 



2012 Central Valley Flood Protection Plan 
Attachment 2: Conservation Framework 

4-14 December 2011 
 Public Draft 

 
Fish Passage Constraints at Fremont Weir 

rivers, tributaries, and bypasses. Fish passage projects, when successful, 
can increase recreational opportunities, so they should incorporate 

appropriate recreational facilities. 

Passage is also blocked at major dams within the 
Systemwide Planning Area. However, improving 
fish passage around these dams is complex and 
challenging. Formal direction from NMFS, in the 
form of a biological opinion for the Operations 
Criteria and Plan (NMFS, 2008), directs 
Reclamation to develop a step-wise process to 
evaluate the improvement of passage around 
several major dams, including Shasta, Folsom, 
and New Melones. Attachment 9C: Fish Passage 
Assessment, describes many different 
technologies currently in use in other parts of the 
country that could be employed to solve fish 

passage problems in California. 

4.2.4 Easement s 
Purchasing easements can be valuable for a variety of purposes, including 
reducing the risk of future major flood consequences by retaining rural land 
uses, maintaining viable agricultural productivity, and creating important 
habitat. Individual easements can be developed to achieve multiple 
purposes, but the combination of these on any individual parcel needs to be 
carefully evaluated to ensure quality results and to avoid unintentional 
conflicts. To be most useful for environmental purposes, these easements, 
where applicable, would allow for the following: 

 Periodic inundation and soil saturation important for the ecological 
functioning of floodplains (i.e., increasing aquatic ecosystem 
productivity, allowing sediment deposition on floodplains, and 
supplying large woody materials to aquatic ecosystems) 

 Allowing natural riverine processes to occur thereby allowing more 
natural flows, and erosion and deposition of sediment 

 Expansion of existing conservation lands and management compatible 
with those lands 

 Preservation of existing riparian habitat, restoration of priority habitats, 
(e.g., riparian, SRA, and wetlands), and support of agricultural practices 
that benefit wildlife 
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Levee damage during a storm 

4.2.5 Landowner Incentive Programs 
Some landowners with conservation interests may be more attracted to 
participating in incentive programs than to selling easements. The State and 
federal governments offer a variety of incentives, including legal and 
statutory incentives; market-oriented institutions; financial incentives; 
public tax incentives; and educational, technical assistance, administrative, 
and recognition incentives. A national review of these programs (Casey et 
al., 2006) provides a useful economic and policy assessment of these 
incentive mechanisms. Some specific example programs are those managed 
by the U.S. Department of Agriculture’s Natural Resources Conservation 
Service and Farm Service Agency (such as the Wetlands Reserve Program 
and the Conservation Reserve Program) and the DFG Landowner Incentive 
Program. 

Three programs (DFG’s Voluntary Local Program and Safe Harbor 
Agreement Program and the USFWS Safe Harbor Agreement Program) 
encourage landowners to enhance habitat for threatened and endangered 
wildlife, while maintaining viable agricultural operations. These programs 
allow landowners to remove the habitat enhancements with no penalties. 
These programs provide flexibility for landowners and flood managers but 
do not provide assurances of long-term habitat conservation. 

The State will pursue opportunities to work with interested landowners and 
these incentive programs to improve program accessibility and usefulness 
to private landowners in the flood system. 

4.2.6 Levee Maintenance and Repair 
Current O&M levee maintenance and repair 
activities include manual and mechanical 
controling vegetation (terrestrial and aquatic), 
mowing, dragging and grading, burning, livestock 
grazing, removing trees, applying rodenticide and 
herbicide, filling or grouting rodent burrows and 
other penetration gaps, and placing fill or rock 
slope. These activities have been done in ways that 
have maintained levee reliability and reduced 
environmental impacts. DWR is working to 
improve environmental benefits associated with 
maintenance, including increasing the use of native plants in revegetation 
and reducing the spread of invasive plants. 

In general, the Conservation Framework will attempt to reduce impacts 
associated with project-level repairs through “holistic” strategies for 
implementing large-scale, integrated flood management efforts, such as 
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Sacramento River 

 
Planting native grass seeds on the Natomas 

levee 

corridor management plans (Section 5.6.3). Regional permitting 
(Section 5.6.4), and regional advance mitigation programs 
(Section 5.6.5) can support these integrated management efforts, 
which will be designed to support larger scale and cost-effective 
facilities management practices and policies that address public 
safety needs and advance statewide and regional environmental 
goals. These strategies integrate O&M with other planning 
efforts, increase permitting efficiencies, have the potential to 
maximize the use of regionally important habitat for mitigation 
and habitat improvements, and can reduce O&M costs. 

DWR is also developing permitting approaches to increase the 
effectiveness of maintenance and repair activities for providing 
levee reliability and environmental benefits. The Small Erosion 
Repair Program (SERP), being developed by a work group of 
the Interagency Flood Management Collaborative Program, is 
one example of this for small levee repair sites. Targeted to 
begin in 2013, the program provides that DWR maintenance 
staff will provide an annual list of their anticipated repairs to 
regulatory agencies for the upcoming year. Long-term 

regulatory approval will be secured in advance, thereby making the process 
efficient, cost effective, and consistent throughout the system. In addition, 
efficient repairs of small sites can prevent continuing erosion, which 
otherwise might become a more extensive and costly repair project with 
greater environmental damage. 

One of the best ways to reduce long-term maintenance efforts and cost is to 
proactively consider long-term maintenance 
during the project design process. Doing so can 
result in reduced maintenance and features that 
are of greater overall benefit to biological 
resources. With an enhanced project design, 
focused on minimal or reduced maintenance, the 
overall level of environmental disturbance would 
be reduced. Considering maintenance earlier is 
often more costly initially. However, over time, 
incorporation of cost-effective design elements, 
such as providing adequate capacity for 
vegetation, should reduce maintenance and 
associated costs. 

Further efforts to coordinate O&M activities 
include using sustainable practices such as developing a target vegetative 
community and focusing management efforts on attaining that target (e.g., 
replacing a broadleaf weed species community with one dominated by 
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native perennial grasses). There are a number of inherent benefits to 
establishing native perennial grasses on levees. First, native perennial 
grasses have dense, fibrous root systems that are very effective at soil 
stabilization and surface erosion control. An established sod cover of 
perennial grasses is substantially more resistant than annual grassland or 
bare soil to rill and gully erosion during a levee overtopping event. In 
contrast, typical weedy annual (nonperennial) grassland found on most 
levees is shallow-rooted, dries in mid- to early summer, creating a fire 
hazard, and produces a large volume of seed that attracts ground squirrels. 

Compared to typical annual levee grassland management, levee 
maintenance requirements and costs over time should be less because of the 
reduction in herbicide application, reduced need for soil repairs due to rill 
erosion, and less frequent mowing requirements. The SAFCA has 
determined the cost effectiveness of this practice and has begun to 
implement it on levees associated with its Natomas Levee Improvement 
Program project. 

4.2.7 Floodw ay Management 
Current floodway2 maintenance activities are similar to levee maintenance, 
but also include removing sediment, debris, and other flow obstructions. 
These activities have been implemented to maintain floodwater conveyance 
and environmental benefits (e.g., maintaining large trees in the Yolo 
Bypass following regular sediment removal). The State is also working to 
improve environmental benefits within channels, without compromising 
public safety, such as restoring habitat along the Feather River as part of 
the Lower Feather River CMP. 

Other potential floodway management improvements that will be 
implemented, where suitable, include the following: 

 Lowering floodway elevations for more frequent and sustained 
inundation of lower floodplain surfaces. Floodplain inundation and 
associated habitat values have been reduced where the main river 
channel has become incised below the floodway, river flows have been 
reduced, or both. In these areas, lowering floodplain surfaces or 
creating floodplain swales would allow more frequent and sustained 
inundation, restoring habitat values. This action would also help 
increase local floodway capacity. Projects along the lower Feather and 
Bear rivers help illustrate the potential of this approach 

 Modifying the floodway for greater topographic and hydrologic 
diversity, while also eliminating features (such as isolated gravel pits or 

                                                           
2 Land between levees, including river channel 
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New levee construction at Natomas 

deep borrow pits) that strand fish. This action can include creating, or 
opening up, secondary channels and overflow swales that would add 
riverine and floodplain habitat values, including resting or rearing areas 
for fish migrating downstream 

 Supporting agriculture that is compatible with wildlife 

 Incorporating access, drainage, and other infrastructure sufficient to 
support agricultural use and management of natural vegetation. 
Agriculture and management of natural vegetation require access roads, 
drainage ditches, and (for agriculture) groundwater pumps or surface 
water supply canals. Incorporating this infrastructure allows continued 
agricultural use and a greater range of restoration and conservation 
activities 

4.2.8 Levee Construction, Reconstruction, and 
Improvement 

Construction of new levees and reconstruction of or improvements to 
existing levees will be needed to achieve various flood management 
objectives. Where new levees need to be constructed, they should be 
located to reduce long-term maintenance and repair costs, restore 
geomorphic processes, improve floodwater capacity, provide recreational 
opportunities, accommodate expected hydrological changes due to climate 

change, and be compatible with local planning 
and land management. 

Consistent with the DWR levee vegetation 
management strategy, described in Section 5.4, 
where setback levees cannot be constructed, new 
or newly reconstructed levees should incorporate 
trees and other woody vegetation on the lower 
waterside slope and riverbank or berm, 
specifically designed for waterside planting. This 
planting berm, or the entire levee when 
necessary, should represent an over-built section 
with respect to minimum geometries, and be of 
sufficient size and configuration to mitigate any 

potential negative impacts to levee safety. 

Where in-place reconstruction is the most feasible option for solving long-
term flood management needs, designs should include environmental 
benefits by measures such as the following, where appropriate: 
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Biotechnical erosion control and in-stream fish habitat 

 Incorporating biotechnical bank protection along existing levees to 
reduce river erosion and wave energy – Biotechnical bank protection 
is the combined use of plants with other materials to stabilize 
streambanks and levees. This can increase bank resistance to erosion. 
Vegetation (e.g., tules) can also attenuate wave energy, which reduces 
erosive forces. Thus, biotechnical bank 
protection can complement or reduce 
the need for revetment. Biotechnical 
bank protection should be 
incorporated, where appropriate, 
during design or repair of facilities. It 
generally entails planting cuttings and 
container plants in shallow water 
adjacent to banks, in exposed soil 
along banks, or in revetment. If 
incorporated into revetment, some 
localized modification of revetment 
(such as incorporating uncompacted 
soil) may be necessary. 

 Controlling the spread of invasive 
plants – Infestations of invasive plants 
not only degrade habitat values locally, but can serve as sources of 
propagules that establish additional infestations (particularly 
downstream) and increase maintenance costs, and the costs of 
controlling these invasive species in general. Practices to reduce the 
introduction and spread of invasive species may include 
preconstruction surveys and mechanical and/or chemical control 
measures, washing of equipment entering and leaving a site, and 
restrictions on plant materials used for revegetation (particularly 
adjacent to river channels). Also, areas dominated by nonnative 
invasive plants can be revegetated with native plants. 

 Incorporating SRA vegetation into in-place repairs – Waterside 
plants shading the adjacent water surface is an important component of 
SRA habitat. Requirements for incorporating these plants are similar to 
those for biotechnical bank protection, and in some cases incorporated 
SRA could also provide bank protection benefits. 

 Using excess channel sediment for levee material, if suitable – This 
may expand channel capacity and may improve riverine habitats, 
particularly in partially isolated secondary channels, or increase the 
frequency, duration, and extent of the inundation of lower floodplain 
surfaces. 
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Setback levee at Butte City 

 Applying levee design criteria that promote compatibility with 
existing and potential floodway habitats – Determination of the 
design capacity for conveying floodwaters will include riparian 
vegetation (and associated roughness) in areas throughout the 
floodway. This allows for future changes in floodway land use and 
management, increasing the flexibility of the system and potential 
future environmental benefits. 

4.2.9 Setback Levees 
Setting back levees from rivers is an important approach for solving a 

variety of flood management and 
ecosystem problems, while still 
supporting productive agriculture 
within expanded floodways. 
Increasing the distance of levees from 
the main river channel reduces the 
erosive force of floodwaters on the 
levees, which can improve their 
reliability and reduce repair costs. 
This shift in levee location increases 
the overall capacity of the local 
floodway, which can reduce the 
velocity of floodwaters, create 
transitory floodplain storage, and 
reduce flood stage. In reaches where 
levees closely follow sinuous river 
channels, setback levees provide 

opportunities for significantly reducing overall levee length, which may 
reduce overall maintenance costs. 

Setback levees also generate opportunities for improving ecosystem 
function and increasing habitat extent, quality, and connectivity. The 
expanded floodway creates space for river meandering, sediment erosion 
and deposition, natural ecosystem disturbance processes, and a healthy 
diversity of riverine habitat. 

Major physical differences in different regions of the Central Valley 
provide opportunities or constrain the use of setback levees to improve 
riverine geomorphic processes. The upper valley floor reaches of the 
Sacramento and San Joaquin rivers already have long reaches with levees 
that are located at relatively greater distances from active river channels, 
compared to lower reaches of these rivers. These reaches provide the most 
opportunities using setback levees for restoring riverine geomorphic 
processes. Such opportunities are more limited in the lower reaches, where 
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rivers are elevated above surrounding lower lands and more constrained by 
adjacent land uses. However, smaller, localized setback levees in these 
reaches can still provide valuable waterside habitat and provide other flood 
benefits. Replacing winding levees where they closely follow tight river 
bends with straighter levees that cut off those bends can reduce long-term 
levee maintenance and repair costs. 

Setback levees will be designed to accommodate riparian vegetation within 
an expanded floodway, while still meeting conveyance and levee safety 
needs. Where a river channel is incised and/or flows have been 
substantially altered, setback levees alone may be insufficient to 
considerably improve ecosystem processes and habitats. Thus, in some 
cases, lowering the floodplain elevation (e.g. construction of swales, side 
channels) may also be important to allow the frequent, sustained inundation 
needed for aquatic productivity and other ecological processes. 

When considering locations for setback levees along rivers, given the 
engineering (capacity and structural) feasibility is met, levees will be 
designed with the following features, as appropriate: 

 Prioritize locations where floodplain functions and values could be 
restored. Elevations within the setback levee should be considered to 
provide for frequently inundated floodplains and therefore support 
riparian and wetland habitats and species. Vegetation on the new 
floodplain will replace any losses on the levee prism as with new 
levees, vegetation removal is required for access, visibility for 
inspections, and consistency with design standards. 

 Design and model setback levee location to maximize roughness in the 
channel, thereby reducing long-term maintenance and conflicts with 
vegetation. 

 Consider impacts to valuable agricultural land and practices to 
minimize adverse effects to these resources. 

 Where permanent structures (e.g., bridges, roadways) need to be 
located in the floodplain, design them to minimize effects on floodplain 
processes (such as the need to protect structures thereby inhibiting 
channel migration). Remove, relocate, or modify permanent structures 
in the setback area to reduce impacts on floodplain processes. Minor 
and major infrastructure (e.g., road crossings) can impede channel 
migration, sediment deposition, and other geomorphic processes. 
Removing, relocating, or otherwise modifying this infrastructure in 
conjunction with levee setbacks can reduce or eliminate these effects. 
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4.2.10 SPFC Facilities Removal 
Some SPFC levees and revetment provide minimal local and systemwide 
flood management benefits. Administrative or physical removal of these 
facilities provides the opportunity to improve hydrologic and geomorphic 
processes that are important for sustaining riverine and floodplain habitats. 
Removing levees and/or revetment from the SPFC will only be considered 
where it would (1) have a positive or neutral effect on flood risk, and (2) 
provide ecosystem benefits. On the upper Sacramento River, for example, 
county governments have requested removal of rock revetment that does 
not serve an essential flood management purpose, primarily as a way to 
reduce costs for maintenance and repair. For example, many entities are 
advocating for breaching the levee at Three Amigos (RDs 2099, 2100, and 
2102), a site in Stanislaus County within the San Joaquin River National 
Wildlife Refuge. To date, USFWS and DWR have been unable to move 
forward with the Three Amigos project due to lack of established USACE 
precedure for removal of the levees. 

Removing a facility from the SPFC may consist of physical and 
administrative actions, or only administrative actions. Physically removing 
any facility is subject to a case-by-case evaluation. For a facility to be 
considered for removal from the SPFC, it must be demonstrated that such 
action would not cause unacceptable impacts to other flood management 
features or nonflood management purposes. If removal of a specific facility 
would cause potential undesirable or unacceptable effects, mitigation 
measures would be implemented to offset potential adverse effects before 
the facility was removed. 

4.2.11 Flood Control Structures 
Some flood control structures, such as weirs, gates, and channel diversions, 
will need physical improvements under the CVFPP to more effectively 
manage floodwaters while reducing their impact on biological resources. 
Of particular concern are effects on fish passage. For example, the Fremont 
Weir is a significant fish passage barrier (and stranding site) for fish 
moving between the Sacramento River and the Yolo Bypass. Shallow water 
depth, high water velocity, and physical barriers all may impede salmonid 
passage. In general, more than 1 foot of water is needed to allow passage of 
adult and juvenile Chinook salmon and steelhead. Also, high water velocity 
impeding passage may occur at flood control structures, road crossings, and 
culverts. In addition to adequate depth and appropriate velocity, vertical 
drops that exceed the leaping abilities of Chinook salmon and steelhead 
also may impede passage. The ability to jump vertical drops is greatly 
affected by staging pool depth, jump angle, and the horizontal distance of 
the leap. 
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At flood control structures, upstream and downstream passage may be 
improved through adequate flow, and avoiding or modifying of 
problematic depth, velocity, and vertical drop conditions to be consistent 
with DFG, USFWS, and NMFS passage criteria. Resolving problematic 
conditions at potential physical barriers may require installation of fish 
ladders and facility modification. Attachment 9C: Fish Passage Assessment 
identifies important fish barriers in the CVFPP Systemwide Planning Area. 

4.2.12 Floodw ater Storage and Reservoir Forecasting, 
Operations, and Coordination 

Storage of floodwater, whether in foothill reservoirs or in floodplains and 
historic overflow basins, and coordination of reservoir releases are valuable 
tools for managing flood risk. They also generate opportunities to integrate 
and benefit water supply (including groundwater recharge and conjunctive 
use), water quality, ecosystem conservation and restoration, agricultural 
conservation, and recreation. Opportunities for further floodwater storage 
evaluation and analysis, in coordination with other ongoing programs and 
efforts of the State, include modifications to flood operation at existing 
reservoirs, coordinating the flood operation of multiple reservoirs, 
expanding flood storage in existing reservoirs, conjunctive groundwater 
management, and floodplain storage. 

Modification and coordination of flood operations can provide a diversity 
of flow releases, as described in Section 2, Floodway Ecosystem 
Conditions and Trends, to benefit riverine ecosystems and associated 
species.  For example, potential Friant Dam releases could be coordinated 
to benefit downstream upper San Joaquin River flows to support the goals 
of the SJRRP. Such flows can improve aquatic habitat conditions, sustain 
riverine habitats, reduce fish stranding and passage barriers, and generate 
other environmental benefits. 

4.2.13 Land- and Water-Use Coordination to Reduce Peak 
Runoff 

Peak runoff from upper watersheds occurs during larger precipitation 
events. As recognized by the State’s California Water Plan, land-use 
planning has an important role in reducing this runoff. Integrated planning 
with local land-use authorities and major public land managers in 
watersheds can help reduce the intensity of flooding event, by designating 
land uses (e.g., native vegetation and agricultural crops) that absorb 
floodwaters and increase percolation into groundwater reservoirs. 

Integrated watershed and water planning has become a useful tool in 
California for addressing a variety of water quality, water supply, and land 
management issues. Major public land management agencies, such as the 
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U.S. Forest Service and the U.S. Bureau of Land Management, as well as 
local resource conservation districts and other interest groups, have 
established a variety of working partnerships in the watersheds of the 
Central Valley. Support for these groups, and for establishing new groups, 
can be a cost-effective way of leveraging funds to help manage runoff, 
while creating a broad base of organizational and public support. DWR 
using voter-approved bond funds, is providing grants for local groups to 
develop Integrated Regional Water Plans. These plans are designed to 
integrate planning at the regional and local level for water supply, flood 
management, ecosystem restoration, and other important values. DWR will 
work to improve coordination between such plans and regional flood 
management planning efforts. DWR also will be working to ensure that 
CVFPP and the California Water Plan are well coordinated and supportive 
of each other. 

From an environmental perspective, important actions to manage runoff 
include improving cover of native vegetation and agricultural crops and 
expanding the extent of seasonal or perennial wetlands in upland areas. 

4.2.14 Regional Environmental Permitting 
Beyond seeking project-specific permits, DWR will work with regulatory 
agencies to develop regional strategies for environmental permitting, which 
may include NCCPs, HCPs, or programmatic ESA Section 7 consultations 
(see Section 5.6.4, Regional Permitting). This will improve flood project 
delivery while also improving ecological conditions. RAMP (see Section 
5.6.5, Regional Advance Mitigation Planning) is an innovative approach 
for providing advance mitigation on a regional scale, and it is currently 
being tested for infrastructure projects. Several current conservation plans 
(see Section 5.6.2, Collaborating with Existing Regional Conservation 
Plans) present opportunities for coordinating such permitting. 

4.2.15 Bypass Expansion and Construction 
To improve system flexibility and reduce peak flood discharges, the State 
will evaluate options and work to expand existing bypasses and to build 
new bypasses. These flood improvements will be designed to accommodate 
viable agriculture and include environmental benefits, as described above 
in Section 4.2.2, Ecological Restoration; Section 4.2.3, Fish Passage; 4.2.6 
Levee Maintenance and Repair; Section 4.2.8, Levee Construction, 
Reconstruction, and Improvement; Section 4.2.9, Setback Levees; and 
Section 4.2.12, Flood Control Structures. 

In addition, the State proposes to investigate modifying the operation of 
weirs that spill flood water to the bypasses. The concept is to physically 
lower crests of overflow weirs and modify operations so bypasses carry 
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flows earlier and longer during high river stages. The more frequently 
activated floodplain in the bypasses would help the ecosystem restoration 
within the bypasses and provide for more sustainable and quality habitat. 
Depending on the changes in flow regime, the more frequent flooding may 
also contribute to food web productivity and fish rearing habitat. 

4.2.16 Recreation Opportunities 
In 2006, the California Department of Parks and Recreation (DPR) 
conducted an extensive public outreach effort, holding town-hall-style 
meetings across the Central Valley, to identify priority recreation areas, 
which resulted in the Central Valley Vision (CVV) report. In 2007, the 
governor approved Assembly Bill 1426, which directed DPR to develop a 
detailed implementation plan for the CVV. This CVV implementation 
plan’s objectives included improving recreational opportunities at existing 
State parks and other public lands and acquiring other lands important for 
recreation (particularly along water corridors). Many of the 
recommendations in this CVV implementation plan were prepared 
anticipating opportunities to incorporate recreational improvements into 
flood damage reduction projects. 

One example of linking recreation and flood management, DWR and DPR 
developed an Interagency Agreement that supports multi-benefit project for 
the Colusa Sacramento River State Recreation Area. This effort is designed 
to provide recreation and public access compatible with wildlife habitat 
conservation. 

DWR will evaluate other opportunities to assist DPR in implementing the 
CVV and pursue such opportunities as part of developing integrated flood 
projects as feasible. 

4.3 Conservation Opportunities by Planning 
Area 

Regional conservation opportunities are physical actions or projects that 
can be applied, where appropriate, to achieve local, regional, and 
systemwide benefits. They will be refined and further developed through 
regional and local planning efforts. The specific project features that are 
ultimately implemented will depend on many factors that cannot be 
determined or evaluated at a programmatic level for the 2012 CVFPP. 

At the broad scale, different regions of the Central Valley have major 
physical differences that either provide opportunities or constrain the type 
of possible ecosystem improvements. The upper valley floor reaches of the 
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Sacramento and San Joaquin rivers, with their longer reaches of broader 
floodways, provide the most opportunities for restoring riverine 
geomorphic processes. Such opportunities are more limited in the lower 
reaches, where rivers are elevated above surrounding lower lands and more 
constrained by adjacent land uses (see Figure 2-2). These lower reaches 
still provide opportunities for maintaining and improving food web 
productivity (such as in the broad Yolo and Sutter bypasses) and for 
improving habitat. Habitat improvements in these more constrained reaches 
are likely to be more limited in extent and unlikely to contribute 
significantly to improving riverine geomorphic processes. However, they 
can be important to provide continual SRA habitat for migrating fish, 
habitat for endangered species, and important breeding and migratory 
stopovers for waterfowl and songbirds. The opportunities to improve 
habitat are likely to be most constrained in urban areas, but even small 
improvements in these areas are possible and could be strategically very 
valuable. 

At the more project-specific level, additional factors need to be considered, 
such as detailed project designs and costs; environmental benefits and 
impacts; interaction with other local projects and system improvements; 
participation by State, local, and federal agencies in project 
implementation; and changing natural and institutional conditions. 
Successful programmatic or regional permitting of projects will require 
adequate funding, measurable goals, implementation timelines, timely 
mitigation, and long-term management and monitoring. Because the costs 
and benefits of these conservation opportunities are very sensitive to on-
the-ground conditions, they are presented as options to be considered in 
future regional flood management planning. 

Regional conservation opportunities are described for five planning areas 
within the Systemwide Planning Area. These planning areas encompass 
larger areas than the CVFPP Implementation Zones to provide broader 
context for conservation planning to support CVFPP actions: 

 Upper Sacramento River Planning Area, including the Sacramento 
River and tributaries from Red Bluff to Fremont Weir 

 Feather River Planning Area, including the Yuba and Bear rivers and 
other tributaries 

 Lower Sacramento River Planning Area, including the Sacramento 
River and tributaries from Fremont Weir to Isleton 

 Upper San Joaquin River Planning Area, including the San Joaquin 
River and tributaries from Friant Dam to Merced River 
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 Lower San Joaquin River Planning Area, including the San Joaquin 
River and tributaries from the Merced River to Stockton 

A sixth planning area, encompassing the Delta outside the SPFC, is also 
addressed in this section. 

Some of these conservation opportunities may be implemented in the short 
term and others are long-term projects requiring further study and analysis 
before implementation. Many of the conservation opportunities were 
identified during stakeholder meetings conducted as part of the Floodplain 
Restoration Opportunities Analysis (FROA), which is described in greater 
detail in Section 5.6.1, Restoration Opportunities Analysis, and Attachment 
9F: Floodplain Restoration Opportunity Analysis, or were conservation 
opportunities recommended by prior studies such as the Sacramento-San 
Joaquin River Basins Comprehensive Study (USACE, 2002a), Sutter Basin 
Feasibility Study (USACE, 2010a), SJRRP, CALFED, and similar regional 
water resources planning programs. Projects identified through the FROA 
or by prior studies were only included if the project scope and conservation 
opportunities were sufficiently defined; projects that were largely 
conceptual in nature were not included. Projects that may not be part of 
SPFC facilities, but are within the Systemwide Planning Area, were 
included because they may have the potential to become part of the SPFC, 
benefit operation of the SPFC, or may provide habitat to reduce the need 
for mitigation for future SPFC improvements. Additionally, their inclusion 
provides context for developing future flood management funding sources. 

4.3.1 Upper Sacramento River Planning Area 
Riparian and other native habitats exist within the flood management 
system primarily along river corridors and between levees, and occur on 
both private lands and a variety of conservation lands managed by State, 
federal, and local agencies, and private organizations, including portions of 
lands associated with the Sacramento National Wildlife Refuge. Public 
agencies (including DWR) and nonprofit organizations have invested 
substantially in restoring ecosystem processes and habitat in this planning 
area, particularly north of Colusa. 
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Broadly applicable 
improvements that apply to 
the Upper Sacramento River 
Planning Area 
• 4.2.1 Corridor Management Strategy 

• 4.2.2 Ecological Restoration – Key 
habitats in this planning area include 
wetlands, floodplains, riparian (especially 
SRA), eroding banks, and spawning 
gravel beds. 

• 4.2.3 Fish Passage 

• 4.2.4 Easements 

• 4.2.5 Landowner Incentive Programs 

• 4.2.6 Levee Maintenance and Repair 

• 4.2.7 Floodway Management. 

• 4.2.8 Levee Construction, 
Reconstruction, and Improvements 

• 4.2.9 Setback levees  

• 4.2.10 SPFC Facilities Removal 

• 4.2.11 Flood Control Structure 
Modification 

• 4.2.12 Floodwater Storage and 
Operations 

• 4.2.14 Regional Environmental 
Permitting 

Beyond other broadly applicable types of improvement (see box), specific 
conservation opportunities to consider within this 
planning area include a combination of the 
following potential projects: 

 Purchase easements adjacent to the Sutter 
Bypass to preserve land uses compatible with 
periodic flooding and generate opportunities for 
seasonal and/or permanent habitat conservation 
and restoration. 

 Improve fish passage at flood control structures 
in and around Chico (Big Chico Creek, Lindo 
Channel, and Butte Creek). 

 Screen fish from entering the Colusa Drain. 

 Increase the current capacity of the Sutter 
Bypass to convey large flood events, including 
modifying the Colusa, Moulton, and Tisdale 
weirs, if applicable. This element will be 
designed to accommodate ecosystem restoration 
features, improve fish passage, and include 
conserving and restoring aquatic and floodplain 
habitats and/or agricultural land uses within the 
bypass. 

 Collaborate with others on planning and 
implementing the River Sanctuary restoration 
project, which includes riparian habitat 
restoration and side channel excavation to 
improve fish and wildlife habitat along the 
Sacramento River. 

 Collaborate with DFG, USFWS, and TNC on a variety of habitat 
restoration and flood damage reduction projects within the Chico 
Landing subreach of the Sacramento River. These projects primarily 
involve converting agricultural lands subject to frequent flooding and 
damage to riparian habitat and removing nonessential bank revetment. 

 Collaborate with others investigating the feasibility of China Bend, 
Cecil Lake, and similar projects along the Sacramento River. These 
projects would potentially involve constructing setback levees, 
reconnecting side channels to the river, restoring riparian and wetland 
habitat, and reducing floodway maintenance. 
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Mature riparian forest 

 
Bank swallow habitat along the Feather River 

 Evaluate potential expansion of floodway capacity near 
the town of Princeton to accommodate riparian and 
floodplain restoration and to reduce the need for ongoing 
floodway maintenance. 

 Collaborate with USFWS, DFG, and TNC on a variety of 
habitat restoration and flood damage reduction projects 
between Colusa and Princeton. These projects would 
primarily involve restoring riparian and floodplain 
habitats, reducing floodway maintenance, and removing 
nonessential bank revetment. 

 Collaborate with others to construct a setback levee at 
Hamilton City. The levee would be constructed to 
accommodate riparian and floodplain restoration, protect 
agricultural land, and to reduce the need for ongoing 
floodway maintenance. 

 Collaborate with others on the lower Deer Creek Flood Control Project. 
This project would potentially include constructing setback levees, 
restoring floodplain and riparian habitat, improving fish passage, 
protecting agricultural lands, and reducing floodway maintenance. 

 Collaborate with DFG, USACE, California State Parks, agricultural 
interests, and others on the Kopta Slough project. This project would 
potentially include removing nonessential bank revetment, restoring 
floodplain and riparian habitat, and 
reducing floodway maintenance. 

 Collaborate with California State Parks 
to integrate recreational facilities at 
Woodson Bridge State Recreation 
Area, Bidwell-Sacramento River State 
Park, Colusa Sacramento State 
Recreation Area and a proposed 
Elkhorn recreation area at the upstream 
end of the Yolo Bypass with those 
available in restored habitat areas. 

 Collaborate with Sacramento River 
Conservation Area Forum to develop 
restoration planning and project 
designs that address local and regional 
concerns. 
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4.3.2 Feather River Planning Area 
The Feather River retains a significant remnant of the Central Valley’s 

riparian forests and passes through the Oroville 
Wildlife Area and several other DFG-managed 
properties. The most significant levee setback 
constructed to date within the SPFC (the TRLIA 
levee setback) is found within this reach and 
presents an opportunity for riparian and floodplain 
habitat restoration. 

Beyond other broadly applicable types of 
improvement (see box), specific conservation 
opportunities within this planning area include the 
following potential projects: 

 Collaborate with others on the planning and 
implementation of the Federal Energy 
Regulatory Commission (FERC) license and 
settlement agreement at Oroville Reservoir to 
potentially provide river flows that produce 
enhanced environmental benefits such as 
frequently inundated floodplains or improved 
spawning habitat conditions. 

 Collaborate with Yuba County Water Agency, 
USACE, and NMFS to improve fish passage 
around the Daguerre Point Dam to increase 
spawning habitat availability within the upper 
portion of the lower Yuba River below 
Englebright Reservoir. 

 Design and operate any new potential Feather 
River Bypass from the Feather River to Butte to 
accommodate ecosystem restoration features and 
benefits, including conservation and restoration 
of aquatic and floodplain habitats and continued 
compatible agricultural land uses within the 
bypass. 

 Collaborate with others on the planning and implementation of the 
FERC license and settlement agreement for Oroville Reservoir to 
enhance spawning gravel within the low-flow section of the Feather 
River. 

Broadly applicable 
improvements that apply to 
the Feather River Planning 
Area 
• 4.2.1 Corridor Management Strategy 

• 4.2.2 Ecological Restoration – Key 
habitats in this planning area include 
wetlands, floodplains, riparian (especially 
SRA), eroding banks, and spawning 
gravel beds. 

• 4.2.3 Fish Passage 

• 4.2.4 Easements 

• 4.2.5 Landowner Incentive Programs 

• 4.2.6 Levee Maintenance and Repair 

• 4.2.7 Floodway Management. 

• 4.2.8 Levee Construction, 
Reconstruction, and Improvements 

• 4.2.9 Setback levees  

• 4.2.10 SPFC Facilities Removal 

• 4.2.11 Flood Control Structure 
Modification 

• 4.2.12 Floodwater Storage and 
Operations 

• 4.2.14 Regional Environmental 
Permitting 

• 4.2.15 Bypass Expansion and 
Construction 
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 Implement habitat restoration projects within the 
Oroville Wildlife Area, including projects to 
restore floodplain and riparian habitat and to 
enhance spawning habitat. 

 Implement habitat restoration projects within the 
Feather River Wildlife Area, including the 
Abbott Lakes, O’Connor Lakes, and Nelson 
Slough projects, which would restore floodplain 
and riparian habitats and, potentially, reduce 
floodway maintenance. 

 Restore habitat within the TRLIA levee setback 
area, including restoring riparian, wetland, and 
floodplain habitats and reducing floodway 
maintenance. 

 Collaborate with others to investigate a variety 
of projects described in the Sutter Basin 
Feasibility Study (USACE, 2010a). These 
projects would potentially involve restoring 
riparian, wetland, and floodplain habitat, 
excavating floodplains, enhancing spawning 
habitat, and reducing floodway maintenance. 

4.3.3 Lower Sacramento River 
Planning Area 

In this planning area, the riparian corridor and SRA 
habitat have been reduced to disconnected remnants 
along the river confined by narrowly spaced levees. 
The Yolo Bypass, although not providing 
geomorphic processes, provides important rearing habitat for juvenile fish. 

Beyond other broadly applicable types of improvement (see box), specific 
conservation opportunities identified within this planning area include the 
following potential projects: 

 Collaborate with Reclamation, resource agencies, and local 
organizations to improve fish passage at the Fremont Weir and in Putah 
Creek and Cache Creek. 

 Collaborate with Reclamation, resource agencies, and local 
organizations to increase capacity and inundation frequency for the 
Yolo Bypass to increase the extent and duration of floodplain habitat 
for fish, while also planning for conservation of other species. 

Broadly applicable 
improvements that apply to 
the Lower Sacramento River 
Planning Area 
• 4.2.1 Corridor Management Strategy 

• 4.2.2 Ecological Restoration – Key 
habitats in this planning area include 
wetlands, floodplains, riparian (especially 
SRA), eroding banks, and spawning 
gravel beds. 

• 4.2.3 Fish Passage 

• 4.2.4 Easements 

• 4.2.5 Landowner Incentive Programs 

• 4.2.6 Levee Maintenance and Repair 

• 4.2.7 Floodway Management. 

• 4.2.8 Levee Construction, 
Reconstruction, and Improvements 

• 4.2.9 Setback levees  

• 4.2.10 SPFC Facilities Removal 

• 4.2.11 Flood Control Structure 
Modification 

• 4.2.14 Regional Environmental 
Permitting 

• 4.2.15 Bypass Expansion and 
Construction 
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 Collaborate with others to implement the Knaggs Ranch project to 
enhance riparian habitat and restore wetland and woodland habitat 
along the Sacramento River and Yolo Bypass, south of Fremont Weir. 

 Collaborate with others to support habitat 
restoration in Cache Slough, southern Yolo 
Bypass, Dutch Slough, 
McCormack/Williamson, and other parts of 
Delta. 

4.3.4 Upper San Joaquin River – 
Friant Dam to Merced River 
Numerous opportunities exist on the upper San 
Joaquin River to restore ecosystem functions, 
particularly as flow impediments are removed and 
as flows that are more representative of the river’s 
natural hydrograph are initiated as part of the 
SJRRP. Within this planning area, the CVFPP will 
focus on coordinating with other entities, as needed, 
on implementing the SJRRP. DWR is working 
closely with the SJRRP to foster compatibility 
between SJRRP goals and FloodSAFE principles. 
The State’s involvement in the SJRRP is primarily 
funded through Proposition 84, the Safe Drinking 
Water, Water Quality and Supply, Flood Control, 
River and Coastal protection Bond Act of 2006. 

Beyond other broadly applicable types of 
improvement (see box), specific conservation 
opportunities within this planning area include the 
following potential projects: 

 Collaborate with Reclamation to improve fish 
passage between Friant Dam and Gravelly Ford 
and at the Sand Slough Control Structure, 
Stevenson Weir, Helm Canal, Sack Dam, and 
the Chowchilla Bypass Bifurcation Structure. 

 Improve flood protection for small communities through reconstructing 
and improving existing levees or, potentially, constructing setback 
levees with habitat enhancement and restoration measures incorporated, 
wherever possible. 

 Collaborate with Reclamation and other agencies to improve fish 
passage at Friant and Goodwin dams. 

Broadly applicable 
improvements that apply to 
the Upper San Joaquin River 
Planning Area 
• 4.2.1 Corridor Management Strategy 

• 4.2.2 Ecological Restoration – Key 
habitats in this planning area include 
wetlands, floodplains, riparian (especially 
SRA), eroding banks, and spawning 
gravel beds. 

• 4.2.3 Fish Passage 

• 4.2.4 Easements 

• 4.2.5 Landowner Incentive Programs 

• 4.2.6 Levee Maintenance and Repair 

• 4.2.7 Floodway Management. 

• 4.2.8 Levee Construction, 
Reconstruction, and Improvements 

• 4.2.9 Setback levees  

• 4.2.10 SPFC Facilities Removal 

• 4.2.11 Flood Control Structure 
Modification 

• 4.2.12 Floodwater Storage and 
Operations 

• 4.2.14 Regional Environmental 
Permitting 

• 4.2.15 Bypass Expansion and 
Construction 
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Upper San Joaquin River 

 Collaborate with the San Joaquin River Conservancy on projects 
involving habitat restoration, invasive species removal, isolation and/or 
filling of gravel pits, and other channel and 
floodplain restoration within the upper San 
Joaquin River above State Route 99. 

 Collaborate with the SJRRP to modify levees 
and floodways to convey mandated flows 
and provide floodplain habitat, including 
constructing setback levees between 
Gravelly Ford and Mendota Pool and in the 
Mendota Pool Bypass, and modifying the 
San Joaquin River Headgate Structure. 

 Collaborate with the San Joaquin River 
Partnership to integrate recreational facilities 
along the San Joaquin River in accordance 
with the San Joaquin River Blueway Vision. 

4.3.5 Lower San Joaquin River – Merced River to 
Stockton 

The Lower San Joaquin River Planning Area encompasses the San Joaquin 
River from the Merced River to, and including, the Stockton Metropolitan 
Area. SPFC facilities generally include intermittent levees along the San 
Joaquin River and levees along the lower reaches of various tributaries and 
Delta distributaries. Major reservoirs with flood management functions 
tributary to the planning area include New Hogan Reservoir, Farmington 
Flood Control Basin, New Melones Lake, New Don Pedro Reservoir, and 
Lake McClure. 

The San Joaquin River is actively meandering in portions of this planning 
area, and the river corridor includes floodplain with complex topography 
such as oxbows, swales, and other products of channel migration. This 
planning area contains portions of the San Joaquin River National Wildlife 
Refuge. 

As described above for the Upper San Joaquin Planning Area, opportunities 
exist on the lower San Joaquin River to restore ecosystem functions, 
particularly as flow impediments are removed and as flows that are more 
representative of the river’s natural hydrograph are initiated as part of the 
SJRRP. Within this planning area, the CVFPP will focus on coordinating 
with other entities, as needed, on implementing the SJRRP. DWR is 
working closely with the SJRRP to foster compatibility between SJRRP 
goals and FloodSAFE principles. 



2012 Central Valley Flood Protection Plan 
Attachment 2: Conservation Framework 

4-34 December 2011 
 Public Draft 

Beyond other broadly applicable types of improvement (see box), specific 
conservation opportunities that have been 
previously identified within this planning area 
include the following potential projects: 

 Reconstruct and improve existing levees 
around Stockton with vegetated berms and 
similar measures incorporated, where possible, 
to increase habitat values. 

 Design, construct, and operate any new 
potential bypass in the South Delta, including 
or in combination with expansion of Paradise 
Cut and/or other South Delta waterways, to 
accommodate ecosystem restoration features 
and benefits, including conservation and 
restoration of aquatic and floodplain habitats 
and continued compatible agricultural land 
uses within the bypass. 

 Purchase easements in southern Delta for 
purposes of floodwater storage, ecosystem 
restoration, and preservation of land uses 
compatible with periodic flooding. 

 Collaborate with others to implement several 
projects within this planning area. These 
projects would include restoring riparian, 
wetland, and floodplain habitat, removing 
nonessential bank revetment and levees, 
removing invasive species, reducing floodway 
maintenance, and creating connections to 
historical river channels and sloughs. 

 Coordinate flood management actions with State Water Resources 
Control Board’s (SWRCB) efforts to develop and implement flow 
objectives for the southern Delta and the San Joaquin River. 

 Collaborate with others to implement several projects (e.g., Grayson 
Bypass, Merced River Reaches Mi, M2, and M3) within tributaries to 
this reach of the San Joaquin River.  These projects would include 
restoring riparian, wetland, and floodplain habitat, removing 
nonessential bank revetment and levees, removing invasive species, 
reducing floodway maintenance, and enhancing spawning habitat. 

Broadly applicable 
improvements that apply to 
the Lower San Joaquin River 
Planning Area 
• 4.2.1 Corridor Management Strategy 

• 4.2.2 Ecological Restoration - Key 
habitats in this planning area include 
wetlands, floodplains, riparian (especially 
SRA), eroding banks, and spawning 
gravel beds. 

• 4.2.4 Easements 

• 4.2.5 Landowner Incentive Programs 

• 4.2.6 Levee Maintenance and Repair 

• 4.2.7 Floodway Management. 

• 4.2.8 Levee Construction, 
Reconstruction, and Improvements 

• 4.2.9 Setback levees  

• 4.2.10 SPFC Facilities Removal 

• 4.2.11 Flood Control Structure 
Modification 

• 4.2.12 Floodwater Storage and 
Operations 

• 4.2.14 Regional Environmental 
Permitting 

• 4.2.15 Bypass Expansion and 
Construction 
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Levee near Lathrop on the San 

Joaquin River 

 Collaborate with others to reconnect historical sloughs and 
oxbows, restore riparian habitat, remove invasive species, 
and restore floodplains to San Joaquin River roughly 
between River Mile (RM) 57 and RM 118. 

 Collaborate with USACE and others on the Three Amigos 
project to restore wetland, riparian, and floodplain habitat, 
remove nonessential levees, reduce floodway maintenance, 
and remove invasive species. 

 Work with affected federal and conservation land managers 
to reduce or stop maintaining levees in the vicinity of 
Mariposa Bypass, Deep Slough, and adjacent parts of the 
San Joaquin River to restore riparian, wetland, and 
floodplain habitat and reduce floodway maintenance. 

 Improve fish passage at pumping stations for water 
diversions, including those pumping stations on the 
Calaveras and Mokelumne rivers, Stockton Diversion 
Canal, and Mormon Slough. 

 Collaborate with the San Joaquin River Partnership to integrate 
recreational facilities along the San Joaquin River in accordance with 
the San Joaquin River Blueway Vision. 

 Collaborate with California State Parks to integrate recreational 
facilities, including boating trails, in the South Delta, Dos Rios sites, 
and along San Joaquin River at Mossdale/Vernalis with those available 
in restored habitat areas. 

4.3.6 Sacrament o-San Joaquin Delta Areas Not 
Protected by State Plan of Flood Control 

The Delta is contained within the Systemwide Planning Area for the 
CVFPP. Areas within the Delta that contain or receive flood protection 
from the SPFC are included in the Lower Sacramento River and Lower San 
Joaquin River planning areas. Areas of the Delta outside the SPFC include 
the Sacramento River and its distributaries generally located to the south 
and the east of Isleton, and the San Joaquin River and its distributaries 
generally located to the west of Stockton. 

Restoring ecosystem functions and aquatic habitats in the Delta has been, 
and continues to be, the focus of various State, federal, and local efforts in 
this area. These include the Delta Stewardship Council’s Delta Plan, Delta 
Vision’s Strategic Plan, and the BDCP. Local agencies are responsible for 
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flood management in these areas, supported by the State’s Delta Levee 
Program. 

The focus of the CVFPP in Delta areas not protected by the SPFC will 
continue to emphasize the Delta Levee Program, which includes 
Subventions and Special Projects. These programs are required to not only 
fully mitigate environmental impacts, but to also provide a net increase in 
fish and wildlife habitat. With the net increase goal embedded in the 
enabling statutory authority, this program provides an excellent example of 
integrating environmental stewardship into flood management at all 
decision levels. The Delta Levee Program also exemplifies collaboration 
with other State (e.g., BDCP, Delta Plan), federal (e.g., Delta Islands and 
Levees Feasibility Study), and local (e.g., McCormack/Williamson, 
Cosumnes Preserve) planning efforts and programs. The State will continue 
to support Delta flood management and environmental improvements 
through existing programs. 
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5.0 Implementation 
Implementation of the Conservation Framework and subsequent 
Conservation Strategy is the State’s preferred approach to providing 
ecosystem benefits within the Systemwide Planning Area. This section 
restates the link with the SSIA, describes broad approaches related to 
funding and systemwide benefits, outlines the CVFPP approach to 
managing vegetation in the flood management system, and describes other 
important implementation steps. 

The State understands and acknowledges that successful implementation of 
both the Conservation Framework and Conservation Strategy will involve 
the continued engagement of diverse (e.g., environmental, agricultural, 
recreational, rural, and urban) interests and stakeholders, and the generation 
of mutual benefits among these diverse interests. Chapter 4 of the CVFPP 
presents further information on overall CVFPP implementation. 

5.1 State Systemwide Investment Approach 
Implementation 

The SSIA is outlined in Chapters 3 and 4 of the CVFPP, and incorporated 
conservation actions are contained in Section 4 of this document, 
Integration of Conservation and Flood Management. The SSIA is an 
integrated set of programs, policies, principles, guidance, and on-the-
ground regional elements that will require more than 20 years to 
implement. While the SSIA is a broad approach for how system 
improvements could fit together, not all elements, including some 
conservation elements, have been developed to a level of detail necessary 
for near-term implementation. Some elements have already been 
completed, others will be accomplished before the first update of the 
CVFPP in 2017, and many will require additional time to fully develop and 
implement. Ongoing planning, feasibility studies, designs, funding, and 
partnering are required to better define and incrementally implement these 
elements over time. 

As part of the SSIA, investment in actions to carry out the Conservation 
Framework will be made with funding available for flood management 
improvements, funding specifically earmarked for ecosystem projects, and 
through partnering with other entities that have an interest in projects that 
benefit habitats and species associated with the flood management system. 
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All levels of CVFPP project planning and development will consider 
opportunities to integrate ecosystem enhancements with flood damage 
reduction projects. 

5.2 Funding Approach 

The CVFPP provides a broader discussion of funding flood system 
improvements. This section builds on that discussion by identifying 
environmentally related funding issues. 

As a general rule, flood management projects that produce benefits for 
multiple project objectives (e.g., flood risk management and ecosystem 
restoration) are likely to have a higher level of federal interest in sharing 
the cost of implementation. For those projects in which the federal 
government has an interest, cost-sharing between State and federal flood 
management agencies is established in State and federal law. The USACE 
Trade-Off Analysis Planning and Procedures Guidebook (2002b) contains 
details on what types of projects USACE shares costs in, and lays out a 
framework on how to allocate those costs to different project objectives. 

For those flood management projects in the Central Valley for which a 
federal interest is not established, project costs are often allocated among 
the State and local partners. In accordance with legislation enacted in 2007 
(Assembly Bill 5, Chapter 366, Section 26 (codified at CWC Section 
9625)), DWR developed cost-sharing formulas for the Early 
Implementation Projects program using funds made available by 
Proposition 1E and Proposition 84, which has funded numerous flood 
management projects in advance of adoption of the CVFPP. However, it is 
recognized that these formulas for State-funded flood management projects 
may not fully account for the lesser ability of rural areas to pay for flood 
projects. 

Additionally, the formulas may need to be strengthened to sufficiently 
account for non-flood-risk-reduction benefits, such as enhancing ecological 
processes and habitats that are fundamental to sustainable flood 
management. Therefore, an effort is underway to reevaluate existing cost-
share formulas to better address ecosystem restoration and conservation 
associated with flood management. Broad policy issues are expected to 
figure in the revision of cost-share formulas and, more broadly, into case-
by-case determinations of how costs for multipurpose projects could be 
allocated to beneficiaries on a regional or systemwide scale. In some cases, 
it may be in the State’s interest to fund 100 percent of project costs, with 
additional incentives to local agencies to create projects that generate more 
than traditional flood-risk-reduction benefits. 
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In the specific case of creating new habitat areas within a setback levee, 
local agencies or other entities may be interested in receiving “credits” 
associated with the creation of that habitat. This could be in the form of an 
advance mitigation bank in which an agency could use that habitat to offset 
mitigation requirements of nonroutine O&M, or it could hold the option of 
selling habitat credits to other entities that are striving to meet their own 
regulatory mitigation obligations. Such incentives will have to be 
developed creatively in consultation with State, federal, and local agencies 
at the individual project level, and their application will have to consider 
whether a project is economically feasible (not just lowest in cost). 

Beyond the upfront initial costs of land acquisition, restoration planning, 
site construction, and habitat restoration, mitigation projects need 
continued funding for long-term monitoring and management. Ongoing 
management issues often involve activities such as controlling invasive 
species, trash and dumping cleanup, maintaining equipment and facilities, 
and maintaining water control operations. 

In summary, individual projects will need to be carefully evaluated to 
identify potential benefits, beneficiaries of those benefits, and how much 
the beneficiaries are willing to pay for benefits. DWR’s Environmental 
Stewardship Policy includes a provision for DWR to include environmental 
stewardship and ecosystem protection and restoration as a criterion in 
project funding decisions for all DWR programs. 

5.3 Systemwide Benefits 

The Central Valley Flood Protection Act of 2008, as codified by CWC 
Section 9616, requires the CVFPP to describe structural and nonstructural 
means for improving the performance and eliminating deficiencies of the 
flood control system and to meet multiple objectives. Among these 
objectives are several environmentally related objectives, as described in 
Section 3. Properly implemented, the same objectives should increase the 
safety and sustainability of the flood management system, and also present 
opportunities for supporting habitat needs for fish and wildlife. 

Section 4.3, Conservation Opportunities by Planning Area, describes the 
primary flood management actions that the State will consider. Prominent 
among these are setback levees, new and expanded floodwater bypasses, 
and easements to preserve land uses compatible with periodic flooding. 

These actions present opportunities to reduce flood damages, increase the 
sustainability of the flood management system, reduce levee maintenance 
costs, and generate additional habitat for fish and wildlife. The risk of flood 
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damage to property is likely to decline because the levees will be safer, be 
able to accommodate higher peak floodflows, be subject to less erosion, be 
properly engineered to current standards, and be less vulnerable to 
catastrophic failure. The flood management system would become more 
financially sustainable with less need for costly repairs and emergency 
actions. Such costs can be reduced by consolidating meandering levees into 
shorter setback lengths and distancing levees from the river’s main erosive 
flows. The system’s ecological sustainability would also improve with 
improvements in floodplain processes, habitat quality, quantity, and 
connectivity. 

Although these actions should contribute to achieving multiple systemwide 
benefits, additional efforts are needed to achieve the environmental 
objectives of the Central Valley Flood Protection Act and State and federal 
law. Established DWR policy is to “incorporate ecosystem restoration as an 
objective in water and flood management projects, including partnering 
with restoration efforts of others, to achieve net environmental benefit” (see 
Section 1.4, Conservation Framework Development). To achieve the 
environmental objectives of the Central Valley Flood Protection Act of 
2008, designs and budgets for flood projects should include actions that 
provide ecosystem benefits. DWR will also collaborate with others to 
restore habitat and ecosystem processes throughout the system. 

5.4 Levee Vegetation Management Strategy 

The following section describes the State’s strategy for managing 
vegetation on levees within the SPFC. The section describes the 
background and risk assessment that provides the rationale for the 
development and implementation of a flexible and adaptive levee 
vegetation management strategy that would achieve public safety goals and 
protect and improve habitat within the SPFC. Implementation of the State’s 
strategy for levee vegetation management will be adaptive and responsive 
to (1) the results of ongoing and future research, and (2) knowledge gained 
from levee performance during high water events. Background of the 
strategy pertaining to retention of Public Law 84-99 Disaster Recovery 
eligibility is discussed in Chapter 3 of the CVFPP, and investment 
challenges are presented Chapter 4 of the CVFPP. 

5.4.1 Risk-Informed Context for Levee Vegetation 
Management 

DWR has implemented the FloodSAFE California initiative, a 
comprehensive flood risk reduction program that includes the concurrent 
planning, design, and construction of flood risk reduction projects that 
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Woody and non-woody growth along base of 

levee 

integrate habitat protection and improvements. This program is prioritized 
by targeting projects or actions that result in the greatest public safety and 
ecosystem improvements with early financial investments. Prioritization is 
necessary because of resource limitations. These early investments target, 
but are not exclusive to, high consequence systems (urban areas) most 
vulnerable to deep flooding. Agencies with flood 
management responsibility generally agree that 
levee sites posing the highest risk (with “risk” 
defined as the cumulative product of the 
probability of failure and the consequence of 
those failures) should be corrected at the earliest 
opportunity. 

DWR appreciates the need for, and benefits of, 
broad nationwide guidance from USACE to meet 
a variety of objectives, including guidance for 
vegetation management on flood protection 
levees. However, DWR also believes there is a 
clear need for such nationwide guidance to be 
flexible and adaptable to regional conditions to 
serve the highest priority of public safety. A 
flexible strategy recognizes the pitfalls of one-size-fits-all approaches to 
protecting public safety, and improves the efficiency of local solutions to 
address local risks. Both DWR and USACE agree on public safety as the 
highest priority, and, as such, it has been identified as the primary goal of 
the CVFPP. To this end, the Levee Vegetation Management Strategy for 
the CVFPP described below characterizes vegetation management within 
the context of risk prioritization in order to make judicious investments of 
public funds. 

DWR recognizes that woody vegetation on levees must be adaptively 
managed, including appropriate clearing and thinning of “legacy levee 
vegetation” for visibility (inspections) and accessibility (maintenance and 
flood fight activities). DWR defines “legacy levee vegetation” as 
vegetation that was inspected by USACE and for which there is no 
documentation that the nonfederal sponsor was notified before 2007 that 
the vegetation needed to be removed. This includes vegetation present on 
State-federal project levees at the time the project was turned over by 
USACE during the 1950s, vegetation that was planted for mitigation as part 
of a cost-shared USACE project, and vegetation that has been allowed by 
USACE to remain to meet ESA or other requirements. 

Levee failure mechanisms (or risk factors) such as underseepage, through-
seepage, slope and structural instability, erosion, and deep rodent burrows 
indisputably have negative impacts on levee integrity and public safety. 
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Legacy levee vegetation does not fall into such a grouping of unequivocal 
failure mechanisms. However, because currently accepted methods of 
analysis cannot fully take into account the effects of woody vegetation, the 
USACE Engineering Technical Letter (ETL) 1110-2-571, Guidelines for 
Landscape Planting and Vegetation Management at Levees, Floodwalls, 
Embankment Dams and Appurtenant Structures (2009), treats vegetation as 
introducing unacceptable uncertainties, which must be remediated through 
removal or engineering works. Given that USACE Engineer Research and 
Development Center’s (ERDC) research report (July 2011) shows that 
woody vegetation has the potential to increase or reduce risk, depending on 
a variety of factors, DWR believes it is appropriate to characterize woody 
vegetation as only a “potential risk factor” that should be considered in 
relation to the unequivocal risk factors and to site-specific conditions. One 
of the findings of DWR’s Flood Control System Status Report (DWR, 
2011) was that while risk factors such as seepage, stability, and erosion 
were rated as medium-to-high relative threats, levee vegetation was rated as 
a low threat to levee integrity, consistent with the fact that no documented 
levee failures in California have been attributed to vegetation. 

Another important consideration is that a rigidly conservative and 
precautionary approach that calls for removal of levee vegetation runs at 
odds with State and federal environmental requirements. State and federal 
resource agencies find that the ETL itself, and the potential impacts of 
widespread vegetation removal due to strict enforcement of that regulation, 
poses a major threat to protected species and their recovery. Similarly, local 
agencies are concerned about negative impacts to public safety from rigid 
ETL compliance due to redirection of limited financial resources to lower 
priority risks. For this reason, widespread vegetation removal is unlikely to 
be a feasible management action for many of California’s levees. 

5.4.2 Lower Waterside Vegetation Benefits and Risk 
Assessment 

The levees that confine river systems in California support the last 
remnants of once great riparian forest ecosystems. This is especially true in 
the Central Valley, where more than 95 percent of the riparian habitat has 
been lost. Many of California's native fish and wildlife resources evolved in 
this complex and dynamic natural community and many are now State 
listed and/or federally listed as threatened or endangered species largely 
because of the cumulative loss of habitat along riparian corridors. Woody 
vegetation found on Central Valley levees is a significant portion of the 
remaining riparian habitat that provides nesting, foraging, and cover habitat 
for migratory birds (including neotropical migrants, raptors, and others); 
vegetation on the lower waterside slope of the levee provides overhead 
cover and shade that moderates water temperatures and energy input to 
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river productivity at all trophic levels. The lower waterside slope is defined 
as the portion of the waterside slope that is below the vegetation 
management zone (which is typically 20 feet, but may be less on short 
levees). 

From a flood threat perspective, lower waterside slope vegetation rarely 
presents an unacceptable threat to levee integrity. However, lower 
waterside slope vegetation more typically provides beneficial functions 
such as slowing near-shore water velocities and holding soil in place to 
reduce erosion; and in the case of larger vegetation, providing an additional 
stabilizing force on the levee itself. The USACE ERDC report titled Initial 
Research into the Effects of Woody Vegetation on Levees (July 2011) 
included a finding that trees can increase or decrease levee safety, 
depending on their location on levees; modeling of trees at the levee toe 
observed a reinforcing effect due to the tree acting as an anchor and 
counterweight to sliding. While ERDC called for additional research, its 
report did not characterize levee vegetation – particularly on the lower 
waterside – as a major risk factor. 

Lower waterside slope vegetation is generally considered to be beneficial, 
or in the worst case, to pose a low threat to levee integrity: 

 Due to its position on the levee, it does not interfere with flood fight, 
inspection, and access. It is at the greatest distance from the landside 
levee slope, which reduces concerns about (1) erosion that might occur 
should a tree fall and expose erodible levee soils, and (2) seepage that 
might travel along rotten tree roots. 

 California Levee Vegetation Research Program (CLVRP) research 
shows that in some cases, vegetation may impede seepage, and was 
unable to confirm the theory that rotten roots promote piping. 

 University of California, Davis, tree root architecture research study 
shows that roots of the two predominant native tree species growing on 
levee slopes in California, valley oak (Quercus lobata) and cottonwood 
(Populus sect. Aigeiros), do not penetrate all the way through levees. 
Exceptional roots of large cottonwoods may grow some distance into 
the levee, following beneath the watereside slope surface, or following 
soil lenses, but roots do not go from water to landside. 

 Woody vegetation may have beneficial functions, such as holding soil 
in place to avoid erosion, recruiting sediment, and aiding slope 
stability. 
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Lower waterside vegetation 

Public funds expenditures need to be well justified. When addressing 
multiple risks in a major levee system using limited public funds, a rational 
strategy is to prioritize the investment based on the risk and public benefit. 
In making prioritized investments solely based on risk, the highest risks are 
addressed first and the lowest risks are addressed last. In consideration of 
the low potential threat to public safety and high potential impact to State 
and federally protected species, the CVFPP considers removal of lower 

waterside vegetation, or levee improvements 
designed for the specific purpose of mitigating 
lower waterside vegetation, to be among the 
lowest priorities for use of public flood risk 
reduction funding. However, because of the 
limited extent of this waterside vegetation, the 
CVFPP considers projects that enhance (go 
beyond mitigation) the lower waterside 
vegetation, or levee improvements designed to 
address public safety and significantly increase 
the lower waterside vegetation, to be among the 
highest priorities for the use of public funding. 

From an ecosystem perspective, widespread 
removal of waterside vegetation (particularly, 

SRA habitat – critically important in protection and recovery efforts for 
special status species along California’s riparian corridors and its adjacent 
waterways) would result in ecological impacts that would be considered 
essentially “unmitigable.” To be effective, mitigation would need to be 
placed in the same aquatic ecosystem from which the vegetation is 
removed. Additionally, loss of habitat for some species cannot be mitigated 
with off-channel or offsite locations; specific location is essential for many 
species that use this ecosystem for all or part of their life cycle. California 
currently has over 400 species listed under CESA and ESA. A number of 
these species are wholly or partially dependent on riparian habitat for their 
life requisites. The risk is to the ecosystem as a whole, not just listed 
species within the ecosystem. If there are locations where vegetation has 
been determined as the highest flood management and levee threat, direct 
and indirect riparian ecosystem impacts will be evaluated in consultation 
with appropriate resource agencies. 
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5.4.3 Vegetation Management Strategy 
The State will implement a comprehensive, integrated management 
strategy that meets both public safety goals and protects and enhances 
sensitive habitats within the Sacramento and San Joaquin valleys. The 
State’s strategy to levee vegetation management will be adaptive and 
responsive to (1) the results of ongoing and future research, and (2) 
knowledge gained from levee performance during high-water events. The 
strategy is built on concepts embodied 
in California’s Central Valley Flood 
System Improvement Framework 
(Framework Agreement), signed in 
2009 by California Levees Roundtable 
participants, and includes a systemwide 
risk-informed process to address the 
requirements of USACE national 
vegetation policy within the context of 
multiple levee risk factors. Policies and 
implementation of these policies 
regarding removing trees and other 
woody vegetation on levees are 
evolving and will be informed by 
ongoing and future research. 

Management of vegetation on Central 
Valley levees is at the heart of the 
disagreement between the USACE 
vegetation policy and resource agency 
recovery efforts for river corridors. 
Long-term management of vegetation 
will generally be accomplished through 
adaptive management of vegetation on 
the levee – both within the vegetation 
management zone and on the lower 
waterside slope (outside of the 
vegetation management zone). This 
strategy allows existing “legacy” trees 
and other woody vegetation to live out 
their normal life cycles unless they pose 
an unacceptable threat, while maintaining visibility for inspection and 
access for maintenance and floodfight. This strategy allows for the 
retention of lower waterside vegetation (below the vegetation management 
zone). 

Vegetation Management Zone 
The Vegetation Management Zone is the area on and 
near a levee in which vegetation is managed for 
visibility and accessibility using a life-cycle 
management strategy. 

The vegetation management zone includes the entire 
landside levee slope plus 15 feet beyond the landside 
toe (or less if the existing easement is less than 15 
feet), the levee crown, and the top 20 feet (slope 
length) of the waterside levee slope. 

For levees that have a waterside slope of less than 20 
feet, the vegetation management zone includes the 
entire waterside slope plus the extent of berm within 20 
feet of the crown as measured along the ground 
surface. 

For levees that have a short waterside slope above the 
water surface elevation that submerges the lower 
waterside slope frequently enough to prevent long-term 
tree establishment, the lower 5 feet (slope distance) of 
the waterside slope immediately above that water 
surface elevation is not included in the vegetation 
management zone and should remain unmanaged. 

For levees with a landside berm, the vegetation 
management zone is determined by using the 
projected landside levee slope instead of the actual 
landside levee slope. 

The vegetation management zone is illustrated on 
Figures 5-1 and 5-2. 
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The vegetation management strategy within 
the SPFC planning area is focused on 
improving public safety by providing for 
levee integrity, and visibility and 
accessibility for inspections, maintenance, 
and flood fight operations, while at the same 
time protecting and enhancing important and 
critical environmental resources, such as 
SRA. For the systemwide scale of the 
CVFPP, it is not practical to assess each 
levee segment individually to determine 
relative risk factors and to prioritize 
integrated system improvements. An 
expectation of “site by site” or “tree by tree” 
assessments would create an unreasonable 
administrative burden for project proponents 
and agency staff of all project partners. 
However, through routine inspections, levees 
will be inspected multiple times each year 
for a wide variety of potential problems, 
including trees that may pose an 
unacceptable threat to levee integrity. Such 
trees would be removed in coordination with 
the resource agencies. 

This strategy affords maintaining agencies 
with flexibility and encourages them to 
retain existing trees and other woody 
vegetation. Because of the importance of 
these critical vegetation resources, it is 
anticipated that implementing this vegetation 
policy will result in retaining, in the near 
term, the vast majority of existing trees and 
other woody vegetation that provide 
important and critical habitat. In the long 
term, it is anticipated that the vast majority 
of trees and other woody vegetation on the 
lower waterside levee slope would be left to 
continue to grow with little or no 
management. 

Vegetation Management Procedures 
The following summarizes DWR’s 
vegetation management procedures in 

support of the 2012 CVFPP to manage vegetation on levees protecting 

Adaptive Levee Vegetation 
Management 
Implementation of the State’s strategy to levee 
vegetation management will be adaptive and 
responsive to (1) the results of ongoing and 
future research, and (2) knowledge gained from 
levee performance during high-water events. The 
strategies outlined below for the lower waterside 
slope and for the vegetation management zone 
provide a path forward for CVFPP 
implementation. 

Lower Waterside Slope 
In order to sustain  critical habitat, the CVFPP 
levee management strategy retains lower 
waterside vegetation (below the vegetation 
management zone). Vegetation would be 
removed (in coordination with resource agencies) 
only when it presents an unacceptable threat. 

Vegetation Management Zone: Life Cycle 
Management (LCM) 
LCM achieves “visibility and accessibility” criteria 
while progressing gradually (over many decades) 
toward the current USACE vegetation policy goal 
of eventually eliminating woody vegetation from 
the vegetation management zone on the landside 
slope, crown, and upper waterside slope of 
levees. 

LCM addresses resource agency objectives to 
protect and improve riparian habitat by largely 
preserving in the near term existing vegetation 
within the vegetation management zone that 
does not impair visibility and accessibility, while 
developing additional habitat under the 
Conservation Strategy to offset gradual die-off of 
existing trees and the removal of trees that pose 
an unacceptable threat to levee integrity. For the 
long term, it is anticipated that continued 
scientific research, potential system 
modifications, and evolving vegetation policy will 
support preservation and restoration of 
sustainable riparian habitat within the levee 
system. 
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Measuring plantings on levee 

urban, urbanizing, and non urban levees in the Sacramento-San Joaquin 
valleys. Specific vegetation management 
procedures implemented will be dependent on 
whether a levee is (1) a new or legacy levee, or 
(2) directly adjacent to the river or set back from 
the channel. This is an adaptive levee vegetation 
management strategy and, based on the results of 
ongoing and future research or knowledge gained 
on levee performance during high water events, 
revisions to this strategy may be made in future 5-
year updates to the CVFPP. 

Waterside Vegetation 
Flood management actions will protect existing, 
and promote the development of, appropriate 
vegetation for erosion control on the waterside 
slope, outside of the vegetation management zone. Brush, snags, and tree 
growth, especially on the lower portions of the levees in the natural banks 
or waterside levee slope, often have beneficial effects, including stabilizing 
levee materials, reducing erosive forces on levee embankments by slowing 
near-bank flows and dissipating wave action, which in turn encourages 
local deposition of sediment. USACE regulations, 33 Code of Federal 
Regulations, Part 208, recognize that vegetation can improve public safety 
by reducing the potential for levee erosion based upon the following 
language taken from a USACE “vegetation variance letter” dated August 3, 
1949: “Where practicable, measures shall be taken to retard bank erosion 
by planting of willows or other suitable growth on areas riverward of the 
levees.” The 1949 letter also stated that “brush and small trees may be 
retained on the waterward slope where desirable for the prevention of 
erosion and wave wash.” 

Waterside vegetation below the vegetation management zone, usually the 
top 20 feet (slope length), should remain in place, unless through an 
engineering evaluation it is determined that it poses an unacceptable risk to 
levee integrity, in which case it would be removed. However, the removal 
of vegetation will need to comply with environmental regulations, 
including obtaining necessary permits and mitigation requirements. 

As described in Section 5.4.2, mitigating for environmental impacts due to 
wholesale removal of waterside levee vegetation would be nearly 
impossible to achieve because the availability of in-kind mitigation is, at 
best, questionable. However, in isolated instances where lower waterside 
vegetation is removed because it poses an unacceptable threat, mitigation 
may be possible by planting vegetation where it does not currently exist. 
For example, locations where there is no existing riparian vegetation or 
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SRA habitat may be suitable for planting and should be used to the fullest 
extent possible. Planting additional riparian habitat will increase 
connectivity along the riparian corridor, an ecosystem improvement 
objective included in the SSIA, and will help meet objectives in the Central 
Valley Salmon and Steelhead Recovery Plan (NMFS, 2009), which 
identifies enhancing riparian and floodplain corridors throughout the 
Central Valley flood system. Planted areas may need to be monitored, 
managed, and protected for the long term pursuant to CESA and ESA. 

Setback Levees 
Improvements to the Central Valley State-federal levee system will strive 
to achieve multiple objectives through use of setback levees, where 
practical, to separate the flood control system from the riverbanks and their 
attendant riparian vegetation. Setback levees can increase channel capacity 
and reduce water surface elevations at flood stage locally, while avoiding 
loss of important riparian and SRA habitat and improving floodplain area. 
This can result in flood system and habitat improvements. Engineering 
requirements for new setback levees are the same as for new levees. The 
expanded floodways provided by setting levees back will be designed to 
accommodate vegetation, while still meeting channel conveyance and ETL 
requirements for the new levees. 

Newly Constructed Levees 
The State proposes adherence to USACE guidance for new levee 
construction, which typically would be new setback, bypass, or ring levees 
located away from the river channel. These standards limit vegetation to 
native grass species on levee crowns and slopes and within 15 feet of the 
levee toe (or less, if the existing easement is less than 15 feet). 

To minimize impacts to SRA, new levees along the river should be 
designed and constructed to include a specially designed waterside planting 
berm to accommodate trees and other woody vegetation to sustain 
continuous SRA habitat along the river, as described in the SSIA, and still 
meet the requirements of the ETL. Such berm designs are not only intended 
to offset impacts of vegetation removal required for project construction, 
but also to provide opportunities for improving connectivity of SRA 
habitat. This planting berm must represent an overbuilt section with respect 
to minimum geometries. The planting berm also must be of sufficient size 
and configuration to mitigate potential negative impacts to levee safety 
with respect to seepage, stability, and erosion criteria should either windfall 
or root decay occur. 

Levee Repair or Improvement 
For levee repair or improvement, vegetation can be removed to meet the 
objectives of a specific project. Any vegetation removed as part of direct 
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construction activities would likely not be replaced at that location, but 
would require off site, in-kind mitigation, to be determined in consultation 
with the appropriate resource agencies. However, vegetation on other 
sections of the levee, not affected by construction activity, should remain in 
place. 

Note that in many locations where levees are repaired, waterside trees and 
other woody vegetation should remain in place, particularly on the lower 
waterside slope and channel bank, because of environmental and 
engineering benefits that include erosion protection, soil reinforcement, and 
sediment recruitment. If removed for the purposes of the repair, lower 
waterside woody vegetation (below the typical 20-foot vegetation 
management zone) should be allowed to reestablish, and may be restored 
(subject to regulatory approval). Root mitigation alternatives, such as 
described below, may be included as part of any levee improvement 
program: 

 The overall width of the levee would be widened landward by at least 
15 feet beyond the standard minimum levee dimensions, where 
feasible, or 

 An effective root or seepage barrier would be installed within the upper 
10 to 15 feet of the levee crown to mitigate potential impacts by tree 
roots. 

This is consistent with the Sacramento River Bank Protection Project 
Programmatic Biological Opinion (USFWS, 2008), which states that 
“existing riparian vegetation will be protected on site to the maximum 
extent possible where it does not affect flood system safety.” 

Levees with Preexisting “Legacy Levee Vegetation” 
DWR does not believe that the presence of properly maintained woody 
vegetation on “legacy levees” constitutes a degree of risk that necessarily 
requires removal of vegetation or constructing engineered works to address 
the perceived risk. Instead, such previously defined “legacy levee 
vegetation” needs to be considered in a balanced recognition of its role to 
the ecosystem and to the levee’s integrity. 

A critical limitation of the USACE ETL is that it is written strictly in terms 
of new levee construction, and fails to recognize and address the unique 
engineering and environmental attributes presented by well-established 
“legacy vegetation” as an integral aspect of many SPFC levees. Taking all 
the above factors into consideration, the CVFPP builds on the 2009 
Framework Agreement by proposing to adhere to the USACE guidance for 
new levee construction (typically setback, bypass, or ring levees located 
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away from the river channel). For “legacy levee vegetation,” however, the 
CVFPP vegetation management strategy has 
been developed to be adaptable to achieve 
compatibility with implementation of USACE 
national vegetation policy. The State suggests 
that the USACE national vegetation policy 
needs flexibility to recognize and accommodate 
regional differences – something that could be 
achieved through a collaboratively developed 
variance policy that provides such regional 
flexibility. 

Levees with preexisting vegetation are to be 
maintained according to the levee vegetation 
inspection criteria described below. DWR’s 
levee inspection program first developed 

“interim criteria” for use in the fall 2007 levee inspections, which were 
later described as “interim criteria for visibility and accessibility” in the 
Framework Agreement. The criteria have been implemented by 
maintaining agencies since 2008 and have been successful in achieving 
visibility and accessibility along the levee system to meet public safety 
goals. 

The inspection criteria establish a vegetation management zone in which 
trees are trimmed up to 5 feet above the ground (12-foot clearance above 
the crown road) and thinned for visibility and access. Brush, weeds, or 
other such vegetation over 12 inches high are to be removed in an 
authorized manner. The vegetation management zone includes the entire 
landside levee slope plus 15 feet beyond the landside toe (or less, if the 
existing easement is less than 15 feet), the levee crown, and the top 20 feet 
(slope length) of the waterside levee slope. 

For levees that have a waterside slope of less than 20 feet, the vegetation 
management zone includes the entire waterside slope plus the extent of 
berm within 20 feet of the crown, as measured along the ground surface. 
For levees with a short waterside slope above the water surface elevation 
that submerges the lower waterside slope frequently enough to prevent 
long-term tree establishment, the lower 5 feet (slope distance) of the 
waterside slope immediately above that water surface elevation is not 
included in the vegetation management zone and should remain 
unmanaged. For levees with a landside berm, the vegetation management 
zone is determined by using the projected landside levee slope instead of 
the actual landside levee slope (see Figures 5-1 and 5-2). 
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Figure 5-1.  DWR Vegetation Inspection Criteria for Standard Levees 
–Long Waterside Slope and Landside Berm 

 

 
Figure 5-2.  DWR Vegetation Inspection Criteria for Standard Levees 
– Short Waterside Slope and Short Unsubmerged Waterside Slope 
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Waterside vegetation below the vegetation management zone should 
remain in place without trimming or thinning, unless it poses an 
unacceptable threat to levee integrity. 

Vegetation that was introduced, allowed, required as mitigation, or 
endorsed by a previous USACE action as necessary to comply with 
environmental requirements, and/or was present when the levee system was 
transferred from the USACE to a non-federal sponsor, will not be removed 
(unless changed conditions cause such vegetation to pose an unacceptable 
threat or it creates a visibility problem within the vegetation management 
zone). 

Life-Cycle Vegetation Management and Early Establishment of 
Riparian Forests 
DWR will implement and encourage maintaining agencies to implement a 
long-term adaptive vegetation life-cycle management (LCM) plan that will 
lead to the eventual elimination of trees and other woody vegetation 
through removal of immature trees and woody vegetation. LCM will be 
implemented in the vegetation management zone, as described above. 

This plan will allow existing “legacy” trees and other woody vegetation 
beyond a certain size to live out their normal life cycles on the levee, unless 
they pose an unacceptable threat. Removal would be accomplished in 
consultation with appropriate resource agencies. 

Under the LCM plan, removing immature trees and woody vegetation less 
than 4 inches in diameter at breast height will be conducted in consultation 
with the appropriate resources agencies. 

Because implementing the LCM plan will result in loss of important habitat 
throughout the State and federal project levee system, LCM includes early 
establishment of riparian forest corridors to compensate for the potential 
eventual loss of this habitat. The intention is that these riparian forest 
corridors will be established adjacent to existing and new levees such that 
the net effect will be to maintain and improve riparian corridor function for 
wildlife habitat. This approach will allow replacement habitat to develop 
and mature over time while the existing trees within the vegetation 
management zone are allowed to live out their normal life cycles on the 
levee slopes. 

To address concerns about habitat lost under LCM, trees will be planted 
concurrently during this period. The goal is to plant vegetation within the 
floodway, but site limitations or regulatory constraints (Board restrictions) 
may require that trees be planted on the landside (outside the current levee 
easement). A site protection mechanism (such as a conservation easement), 



5.0 Implementation 

December 2011 5-17 
Public Draft 

 
Blue elderberry (Sambucus nigra 

ssp. caerulea) 

long-term funding strategy, and monitoring and management plan for the 
planted riparian areas will be developed. 

Levee vegetation subject to removal through the LCM plan will be 
quantified, using best available information. Specific rates for replanting 
and other details of implementation of the LCM plan will be determined 
through collaboration with the appropriate agencies as part of Conservation 
Strategy development. 

As described in the draft Urban Levee Design Criteria (DWR, 2012), 
before any tree removal, an engineering inspection and evaluation should 
be conducted to identify trees and woody vegetation (alive or dead) that 
pose an unacceptable threat to the integrity of the levee. These engineering 
evaluations should be based on best available science and state-of-practice, 
and should be commensurate with risk. It is expected that future research 
will build upon current draft guidance to better address how to determine 
(in advance of and during high-water events) when a tree poses an 
unacceptable threat. These inspections should address both the hazards and 
benefits of vegetation with respect to potential failure mechanisms. The 
analysis may also include a risk assessment of all factors that adversely 
affect levee safety. Mitigation will likely be required for any trees removed 
because of an unacceptable threat determination. 
Appropriate compensation and/or mitigation for the 
loss of habitat will be addressed in consultation with 
the resource agencies and in the development of the 
Conservation Strategy. 

Endangered Species Act Compliance 
Levee vegetation management actions in the Central 
Valley have the potential to adversely impact listed 
anadromous fishes and terrestrial species, and their 
critical habitat, under the ESA and CESA, such as the 
valley elderberry longhorn beetle (Desmocerus 
californicus dimorphus), riparian brush 
rabbit(Sylvilagus bachmani riparius), least Bell’s 
vireo (Vireo bellii pusillus), and southwestern willow 
flycatcher (Empidonax traillii extimus). The draft 
Recovery Plan for Sacramento River winter-run 
Chinook salmon, Central Valley spring-run Chinook 
salmon, and Central Valley steelhead highlights 
riparian corridor protection and enhancement as high priorities for recovery 
of these species. In addition, levee vegetation management actions in the 
Central Valley could adversely affect Essential Fish Habitat of Pacific 
salmon, as designated by the Magnuson-Stevens Fishery Conservation and 
Management Act. The Conservation Framework anticipates that habitat 
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replacement plans will be negotiated with the appropriate resource agencies 
in conjunction with, or in advance of, implementing management actions 
that propose to remove vegetation. Future projects proposing to remove 
vegetation that is considered essential to the protection and recovery of 
listed species will likely need to be compensated for on site and in-kind. 

As part of the Conservation Strategy, DWR and the maintaining agencies 
will work collaboratively with the appropriate resource agencies to fill 
information gaps on threatened and endangered species and other species 
of concern. Relevant information from other planning efforts will be used, 
as appropriate. For example, an inventory of elderberry shrub distribution 
within and adjacent to the State-federal project levee system has not been 
completed. This knowledge is essential for valley elderberry longhorn 
beetle habitat enhancement projects. 

The Conservation Strategy may include establishing conservation banks, 
compensation site protection mechanisms (such as conservation 
easements), and will require a dedicated long-term funding strategy for 
maintenance, management and monitoring of areas used for this purpose. 
DWR and maintaining agencies will work with the appropriate resource 
agencies on future vegetation management activities with the goal of 
preventing adverse effects on State and federally listed species, and 
federally designated critical habitat, and impacts to riparian habitat or the 
species that depend on it. 

Through the development of the Conservation Strategy, mitigation for 
environmental effects of flood system improvements and habitat 
enhancements implemented as part of multi-objective projects will be part 
of environmental considerations for the entire levee system. 

Update Maintenance Agreements 
DWR and maintaining agencies must obtain all required permits to carry 
out maintenance activities. Without such permits, DWR and the 
maintaining agencies cannot lawfully proceed. Maintaining agencies will 
need to work with the appropriate resource agencies 
(DFG/NMFS/USFWS) to obtain and update routine maintenance 
agreements under which vegetation management and appropriate 
minimization and mitigation can occur on a regular basis. This should be 
accomplished through development of a more efficient regulatory 
mechanism. 

A process for assisting maintaining agencies to achieve environmental 
compliance and for obtaining necessary permits is expected to be addressed 
as part of near-term initiatives included in the SSIA. Support for this 
activity will be included in the Conservation Strategy. Attachment 9G: 
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Regional Permitting Options provides a preliminary review of permitting 
options to consider. 

Continue and Expand Research 
Currently, State and local agency-sponsored research by the CLVRP, along 
with USACE-sponsored research by ERDC, is addressing information gaps 
surrounding levee performance through applied research and an ongoing 
synthesis of historical information. Findings of these research programs are 
informing current policy development, and will continue to do so for future 
CVFPP updates. In addition, further research will follow-up on recent 
research into the effects of woody vegetation on levees, and to address 
other data gaps. Some of the initial CVLRP research included developing a 
checklist of monitoring requirements during implementation of LCM. A 
further goal is to develop more detailed guidance for local maintainers to 
use for recognition of “unacceptable threat” thresholds. 

In addition to future research focusing on levee integrity, research will 
include evaluating effects to riparian ecosystem function from eliminating 
natural recruitment under LCM. This research may include a monitoring 
program to determine if LCM affects species composition, recruitment, and 
the survival of lower waterside vegetation. 

Alternate Variance Procedure and Shared Responsibility 
The ETL essentially established a woody vegetation-free zone on all levees 
and the adjoining ground within 15 feet of the levee on both sides (April 
10, 2009), which is at odds with DWR’s independent assessment described 
above. As an implementation directive for the ETL, the USACE 
subsequently issued a draft Policy Guidance Letter (PGL), Variance from 
Vegetation Standards for Levees and Floodwalls (February 9, 2010). 
Congress, through the Water Resources Development Act of 1996, Section 
202 (g), had mandated that USACE “address regional variations in levee 
management and resource needs” – but the February 2010 draft PGL did 
not address regional variations. Before and following release of the draft 
PGL, DWR has repeatedly encouraged USACE to collaborate in the 
formulation of a variance process that is workable on a systemwide scale, 
and allows for consideration of the geotechnical, hydraulic, environmental, 
and economic factors that DWR believes are important in formulating and 
prioritizing levee repairs and improvements. 

Because the February 2010 draft PGL was not workable from DWR’s 
perspective, in May 2010, DWR proposed an alternative variance 
procedure for USACE consideration. Although the USACE has not 
accepted DWR’s proposal to collaboratively develop a variance policy that 
recognizes and accommodates regional differences, DWR remains hopeful 
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that USACE will issue a final vegetation variance PGL which will 
complement and be consistent with the CVFPP. 

A further complication is the question of shared responsibility for activities 
to address woody vegetation. The USACE ETL and associated draft PGL 
fail to recognize that legacy vegetation exists for a wide variety of reasons 
(in many cases because USACE itself placed it or encouraged its placement 
or retention), and instead treats all legacy vegetation as if it were “deferred 
maintenance” and solely a non-federal responsibility. Consequently, 
USACE asserts through the ETL and draft PGL that all of the 
administrative and financial burdens for ETL compliance, or for obtaining 
a variance, should be placed on its non-federal partners. The State 
encourages USACE to accept shared responsibility for addressing levee 
vegetation issues as appropriate – which would also facilitate USACE plan 
formulation as a partner in cost-shared flood risk reduction projects. 

It is important to note that DWR’s purpose in advocating for shared 
responsibility is not to commit federal funds toward the enormous cost of 
removing vegetation to achieve ETL compliance. Rather, DWR is 
advocating that such inordinate costs be avoided by having USACE 
participate with DWR as true partners in addressing legacy levee 
vegetation issues, jointly considering the environmental and risk reduction 
implications of vegetation remediation within the context of prudent 
expenditure of limited public funds. DWR will continue dialog with 
USACE on plan formulation concepts that recognize shared responsibility 
for addressing vegetation issues (in parallel with traditional levee risk 
factors) within a systemwide risk-informed context that is intended to 
enable critical cost-shared flood system improvements to move forward. 

5.5 Environmental Improvement Projects 

The State is making a variety of physical improvements in the flood system 
and is working to integrate ecological benefits into those improvements. In 
addition, the State has funding to strategically initiate new restoration 
projects, collaborating and cost-sharing with others. 

The State has developed draft guidelines for allocating available funding to 
projects that meet the intent of the Conservation Framework, and 
anticipates the first cycle of projects will be funded during 2012. The 
funding allocated to capital projects is targeted at two distinct purposes: (1) 
to acquire, protect, or restore properties that would provide advance 
mitigation solutions for activities undertaken for SPFC facilities, and (2) 
and to implement projects that incorporate environmental stewardship and 
sustainability principles into flood management activities. Projects that 
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meet the intent of the Conservation Framework will be evaluated and 
funded, in accordance with the State’s guidelines, based on the significance 
(size and connectivity) of ecological improvements, technical and political 
feasibility, and cost reasonableness/cost-sharing opportunity. Identifying 
multi-benefit projects that can be supported by diverse interests is an 
important overall goal. 

5.6 Regional Conservation Planning 

To provide faster and better delivery of flood management projects, DWR 
is considering regional planning options, including regional flood 
management planning; collaborating with other regional conservation 
plans; developing regional permits and plans (such as NCCPs, HCPs, 
programmatic ESA Section 7 consultations, or Regional General Permits); 
CMS; regional vegetation management planning; watershed planning; and 
RAMP. More detailed descriptions of RAMP and other regional permitting 
efforts and plans are located in Attachment 9A: Regional Advance 
Mitigation Planning, Attachment 9E: Existing Conservation Objectives 
from Other Plans, and Attachment 9G: Regional Permitting Options. 

Because of the degraded status of riverine and floodplain ecosystems in the 
Systemwide Planning Area, attaining the ecological goals of this 
Conservation Framework depends in part on restoring riverine and 
floodplain functions. Consequently, the CVFPP includes management 
actions related to restoring ecosystems, and in particular to restoring 
physical processes that sustain riverine and floodplain habitats. Future 
CVFPP regional flood management planning will need to address 
ecosystem restoration opportunities. 

5.6.1 Floodplain Restoration Opportunity Analysis 
The State has conducted an initial analysis of potential restoration 
opportunity areas (see Attachment 9F: Floodplain Restoration Opportunity 
Analysis) to help guide restoration actions. This analysis identifies areas 
where floodplain functions could be restored within the Systemwide 
Planning Area by considering physical suitability; opportunities and 
constraints related to existing land cover and land uses, road and railroad 
locations, and conservation status of land; and locations that stakeholders 
are interested in restoring. Physical suitability was evaluated using the 
concept of floodplain inundation potential. This analysis identifies 
floodplain areas, both directly connected to the river and disconnected from 
the river (e.g., behind natural or built levees or other flow obstructions) that 
could be inundated by biologicially meaningful floodplain flows. 
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This type of analysis will continue to be improved to evaluate restoration 
opportunities based on their potential ecological, flood management, and 
other benefits (e.g., reduced maintenance); potential effects on other 
species; cost; and regulatory, institutional, technological, and operational 
feasibility. 

5.6.2 Collaborating with Existing Regional Conservation 
Plans 

Implementation of the Conservation Strategy will occur in an environment 
with many other ongoing overlapping conservation efforts. The State is 
already conducting regional planning in coordination with other public 
agencies and ongoing collaborative efforts. This collaboration will continue 
for areas of common interest and on projects with mutual objectives. DWR 
needs to communicate with planners of these other efforts to identify 
common goals, assess opportunities to work together and reduce 
unintentional conflicts, and seek ways to collaborate and share funding on 
projects of common interest. 

Existing regional conservation plans are generally NCCPs, HCPs, and 
species recovery plans. More than 30 plans have been identified to date, 
and are detailed in Attachment 9E: Existing Conservations Objectives from 
Other Plans; examples are as follows: 

 Yolo County Natural Heritage Program – The Yolo County Natural 
Heritage Program is a comprehensive, county-wide plan designed for 
long-term conservation and management of sensitive and at-risk species 
and the habitats on which they depend, while accommodating other 
important uses of the land. The plan serves as an HCP and NCCP; the 
plan area includes 653,820 acres (Yolo County HCP/NCCP Joint 
Powers Agency et al., 2004). 

 San Joaquin County Multi-Species Habitat Conservation Plan and 
Open Space Plan (OSP) – The goal of the HCP/OSP is to create 
100,841 acres of preserves, predominantly located on productive 
agricultural lands throughout the county. The HCP/OSP requires that 
600 acres of preserves be established to offset incidental take or 
accidental loss on neighboring lands of limited numbers of California 
tiger salamander (Ambystoma californiense), red-legged frog (Rana 
draytonii), valley elderberry longhorn beetle, giant garter snake, 
western pond turtle (Actinemys marmorata), northern harrier (Circus 
cyaneus), and California horned lark (Eremophila alpestris acti) (San 
Joaquin Council of Governments, 2000). 

 Bay-Delta Conservation Plan – The “overarching goals of the BDCP 
are to advance the restoration of the ecological functions and 
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productivity in the Delta and improve the reliability of water supplies 
provided by the SWP and the CVP…” (BDCP 2010). The plan’s list of 
proposed covered species includes 5 species of anadromous salmonids 
(Central Valley steelhead; Sacramento River winter-run Chinook 
salmon; and Central Valley spring-, fall-, and late fall-run Chinook 
salmon); 5 other fish species, such as delta smelt and North American 
green sturgeon (Acipenser medirostris); 6 species of mammals, 
including the San Joaquin kit fox (Vulpes macrotis mutic) and the 
riparian woodrat (Neotoma fucipes riparia); 12 bird species; and 5 
species of reptiles and amphibians (BDCP, 2010). 

Many of these regional conservation plans are still in 
progress, potentially allowing for cross-plan collaboration 
during development. 

There are also opportunities to collaborate with regional 
recreational planning efforts such as the San Joaquin Blueway 
Vision, California State Parks’ Central Valley Vision, and 
California State Parks’ Recreation Proposal for the 
Sacramento and Joaquin Delta and Suisun Marsh. 

5.6.3 Corridor Management Strategy 
Implementation of integrated flood management can be 
effectively accomplished at the corridor scale, where participants can more 
readily interact, understand different perspectives, and work on a series of 
individual projects that collectively contribute to a broad set of goals and 
find ways to integrate, to the extent possible, multi-sector interests. 

The CMS process involves developing a vision, strategy, and plan (CMP) 
for managing a corridor that integrates flood risk management, improved 
ecosystem function and integrated water management over a long-term 
(greater than 30 years) planning horizon. A CMP includes a strategy for 
managing flood protection facilities, conveyance channels, floodplains, and 
associated uplands; a maintenance plan; a restoration plan; and identifies 
policies for compatible land uses such as agriculture and recreation within 
the corridor. In addition to addressing habitat restoration and flood facility 
maintenance, CMPs are a foundation for securing programmatic regulatory 
agency approvals for ongoing maintenance activities and habitat 
restoration. CMPs rely on coordination, collaboration, and cooperative 
working relationships with interested parties and stakeholders, including 
State, federal, and local agencies, NGOs, maintenance districts, agricultural 
interests, and landowners. The State has initiated development of a CMP on 
a 20-mile long reach of the lower Feather River (from Yuba City to the 
Sutter Bypass). The CMP process will be a key method for working with 

The Corridor Management 
Strategy process involves 
developing a vision, strategy, 
and plan (Corridor Management 
Plan) for managing a corridor 
that integrates flood risk 
management, improved 
ecosystem function and 
integrated water management 
over a long-term (greater than 
30 years) planning horizon. 
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local stakeholders including agricultural communities in a coordinated 
approach to implementing the Conservation Strategy. 

CMP development involves assessing the current biological and physical 
conditions of the proposed management plan coverage area. This may 
include reviewing existing reports, maps, and aerial photography, hydraulic 
modeling, and reconnaissance-level biological resources surveys. The 
information collected is used to create a mapped inventory of existing 
vegetation, hydrology, land uses, public land ownership and other relevant 
resource information. This baseline information is then used to identify 
localized facility maintenance needs, assess the probability of occurrence 
of special-status plants, fish, terrestrial wildlife and habitats, and identify 
restoration opportunities in the study area. Additional hydraulic modeling 
is often necessary to determine channel conveyance and sediment transport 
patterns, hydraulic impacts, channel and flow constrictions; and to identify 
opportunities to improve capacity and transitory storage in the system 
through the construction of setback levees, sediment removal, or other 
methods. 

An inclusive planning process engages stakeholders, regulatory agency 
staff, and other interested parties early to identify goals and objectives, and 
facilitate development of a comprehensive and coordinated CMP. Under 
this framework, flood management agencies, maintenance districts, and 
resource and regulatory agencies participate in the project design process. 
Collaborating with biologists, hydrologists, and hydraulic modelers, the 
planning team can determine an appropriate spatial arrangement of habitat 
types to be created and restored within a corridor in a manner that meets 
flood conveyance needs; considers adjacent land uses, hydraulic, 
hydrologic, regulatory and other constraints; minimizes ongoing 
maintenance needs; and maximizes habitat values. 

By addressing what are often competing resource issues and stakeholder 
concerns on a regional basis, CMPs help meet regulatory mandates 
requiring maximum avoidance and minimization of project effects to 
sensitive resources. Additionally, CMPs may identify target areas for 
providing onsite compensatory mitigation for unavoidable impacts to 
sensitive resources such as wetlands and State-listed and federally listed 
species. CMPs thereby set the stage for programmatic approvals by State, 
federal, and local agencies, and provide the foundation for integrated, 
streamlined permitting processes. 

CMP strategies are means of restructuring existing flood management 
practices and policies implemented within a given management area to 
benefit and enhance the environment without compromising actions 
required by practices and policies. CMPs effectively support the objectives 
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of the CVFPP in establishing an integrated management plan to reduce 
flood risk, improve ecosystem function, and create a more sustainable flood 
management system that allows for ongoing O&M of flood management 
facilities. 

5.6.4 Regional Permitting 
As described in Section 1, Introduction, the State is pursuing a new 
approach to go beyond traditional compensatory mitigation, with a goal of 
improving ecological conditions and trends. Within the realm of regulatory 
permitting; however, the State will take advantage of new strategies that 
improve the efficiency and effectiveness of permitting and associated 
conservation. 

Traditional project-by-project environmental permitting has resulted in 
several shortcomings, both for project proponents and conservation 
interests. These shortcomings can include time-consuming negotiations for 
each project to identify, where required, suitable offsite mitigation areas as 
compensation for habitat losses, project delays, establishment of small, 
isolated restoration areas that are difficult to manage, and temporary losses 
in habitat while compensation sites are restored. 

Several new regional permitting methods have been developed in the past 
20 years to solve these permitting and conservation challenges, and local 
governments in California have been using these approaches to both permit 
land development and maintain healthy ecosystems. These methods include 
regional HCPs, NCCPs, programmatic ESA Section 7 consultations, and 
Regional General Permits. New methods are under development, including 
CMS (see Section 5.6.3) and RAMP (see Section 5.6.5). 

Regional permitting methods are being used, or can be used, to collectively 
meet permitting needs for multiple projects, over longer planning horizons, 
while also consolidating mitigation and conservation efforts into larger, 
more viable conservation areas. Attachment 9G: Regional Permitting 
Options, provides more detailed information about the following: 

 Types of flood management activities that could potentially be covered 
under regional permitting 

 Description and evaluation of several options for developing regional 
permits for the flood management system 

 Summary of other important environmental regulations that apply to 
flood management projects 
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The State still needs to evaluate how existing regional conservation plans 
can help meet its flood management permitting needs and to identify 
suitable tools that can be used where no efforts are ongoing. Several 
conservation planning efforts that overlap with the CVFPP Statewide 
Planning Area are listed in Attachment 9E: Existing Conservation 
Objectives from Other Plans. 

5.6.5 Regional Advance Mitigation Planning 
RAMP (see Attachment 9A: Regional Advance Mitigation Planning) has 
been in preparation by a multiagency work group since 2008. RAMP is 
focused on developing mitigation processes that integrate project-specific 
mitigation with regional and statewide conservation priorities, and that 
offset unavoidable impacts of planned infrastructure projects before the 
prospects are constructed. To develop advance mitigation in the 
Systemwide Planning Area, the State would work with regulatory agencies 
to estimate the range of mitigation needs early in the timelines of multiple 
projects. This process minimizes permitting and regulatory delays and 
reduces mitigation costs by securing and conserving valuable natural 
resources at an economically efficient scale and before potential mitigation 
lands are converted to incompatible land uses. Having RAMP-sponsored 
mitigation sites in strategic locations throughout the Systemwide Planning 
Area could speed approvals for the State’s infrastructure agencies when the 
agencies seek permits for “take” of endangered species, fill of wetlands, or 
disturbance to streambeds and their banks. Adopting a strategic, forward-
looking, and regional approach, in which natural resources agencies are 
encouraged to identify mitigation needs early, can provide a vehicle for 
identifying solutions that address conservation priorities in ways that are 
coordinated and take into account agricultural communities and land uses. 

RAMP Work Group has identified the following benefits that could result 
from implementing a RAMP program, a more detailed description of these 
potential benefits can be found in Attachment 9A: Regional Advance 
Mitigation Planning: 

 Lower mitigation costs and simplified permitting for the infrastructure 
funding agency 

 Fewer permitting or regulatory delays resulting from the need to find 
mitigation solutions 

 Greater ecological and financial predictability 

 Mitigation site planning, management, and monitoring efficiencies 
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Riparian brush rabbit (Sylvilagus bachmani 

riparius) 

 The ability to focus on large-scale conservation to benefit sensitive 
species through higher quality habitat, improved connectivity between 
habitat areas, and better long-term protection  

 The ability to leverage and assist ongoing conservation efforts 

The RAMP Work Group has developed a Statewide Framework document 
(2011a) that describes the goals, benefits, and operational framework of a 
statewide RAMP initiative. This group is also working on other documents, 
including a Regional Assessment that includes a preliminary test of RAMP 
for a pilot region in the Sacramento Valley and a RAMP Manual, which 
will serve as a comprehensive guidance document for planning and 
implementing regional advance mitigation throughout California. The 
RAMP Manual will incorporate lessons learned during development and 
completion of the Regional Assessment. More information about RAMP 
can be found in Attachment 9A: Regional 
Advance Mitigation Planning and at the RAMP 
Work Group Web site, 
https://rampcalifornia.water.ca.gov (2011b). 

5.6.6 Targeted Conservation 
Planning 

This Conservation Framework focuses on 
restoring ecosystem processes as a primary 
strategy for restoring habitat and populations of 
species at risk. In many cases, this strategy will 
cover the important conservation needs of many 
species, particularly those that rely on the 
condition, structure, and function of single 
habitats. For some species at risk, however, an 
ecosystem process or single-habitat focus alone 
does not adequately address important conservation needs. For these 
species, more targeted species-focused conservation planning can be 
useful, particularly where no recovery plans exist. Such planning can more 
systematically and efficiently address species conservation needs and 
demonstrate how individual flood projects can incrementally contribute to 
species recovery. 

These more targeted species-focused conservation plans can help develop 
and maintain partnerships among flood managers, State and federal fish 
and wildlife agencies, NGOs, agricultural interests, and the general public. 
These plans can also provide a solid foundation for long-term regulatory 
authorizations under State and federal endangered species laws for the 
operation of the flood system by providing information about: 
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 Critical life history elements and sensitivities 

 Distribution, both rangewide and within Central Valley flood 
management system 

 Status and trends historical, current, and future expectations 

 Conservation goals and measurable objectives 

 Strategic conservation and restoration opportunities 

Examples of species in the Central Valley that are suitable for this more 
targeted conservation planning include the following: 

 Swainson’s hawk 

 Giant garter snake 

 Greater sandhill crane 

 Tricolored blackbird (Agelaius tricolor) 

 Bank swallow (Riparia riparia) 

 Riparian brush rabbit 

Such plans will be developed as opportunities arise to work collaboratively 
with wildlife agencies on species of common priority. DWR will also 
collaborate with resource agencies to implement existing recovery plans 
(such as NMFS Central Valley Anadromous Fish Recovery Plan) within 
the flood management system. 

5.7 Science and Conservation Planning 
Information 

Attaining this Conservation Framework’s ecological goals requires a large 
number of science-based decisions during development of policies and 
capital projects, and during conservation planning. The State will inform 
those decisions with several types of scientific and technical activities: 

 Inventory – Data on existing conditions are integral to implementing 
the Conservation Framework and avoiding and minimizing impacts, 
and are basis in part for modeling and other analyses, and for 
identifying potential conservation areas. Conservation-related 
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inventories include mapping resources and other documentation of 
existing physical and biological conditions. Inventorying can also entail 
compiling information on infrastructure (e.g., permitted flow capacity 
of water diversions in the Systemwide Planning Area). 

 Analyze and model – Estimates and 
simulations of existing and future ecosystem 
conditions and of the consequences of 
alternative actions are integral to the 
processes of project design, policy 
evaluation, alternatives analysis, and 
conservation planning. Conservation-related 
analyses and modeling include actions as 
varied as estimating the regional demand for 
mitigation land to support RAMP; evaluating 
existing hydrology data to better understand 
ecosystem status and trends; hydraulic 
modeling to identify potential ecological 
benefits and impacts of proposed flood 
management actions; and formulating conceptual models to create a 
framework for communication. 

  Monitor – Documentation of actions and ecosystem conditions is 
required to comply with terms and conditions of permits, necessary to 
determine the effectiveness of actions, and integral to adaptive 
management. Conservation-related monitoring ranges from 
documenting actions to monitoring ecological indicators of overall 
success of the Conservation Strategy. 

 Conduct management-oriented research – Reducing key 
uncertainties can substantially improve the scientific basis and 
effectiveness of flood management and conservation-specific policies, 
projects, and planning efforts. Generally, management-oriented 
research is related to uncertainties affecting a policy or multiple 
projects and planning efforts (e.g., vegetation benefits to levee stability 
or management effects on species that are conservation targets). 
Management-oriented research often can consist of analyses based on 
inventory or monitoring actions that also serve other purposes. 

 Manage and access information – Results of inventories, analyses, 
and modeling, monitoring, and management-oriented research are often 
broadly applicable to flood management and conservation-specific 
actions within the Systemwide Planning Area. Thus, the management 
and distribution of this information improves the scientific and 
technical basis of flood management and conservation-specific 
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decisions, and is a primary means of scientific and technical 
collaboration with other conservation efforts. Information management 
and access entails developing documentation and tools for archiving 
and disseminating information (e.g., databases, Web sites). 

During development of the 2012 CVFPP and this Conservation 
Framework, conservation science and planning activities have included 
medium and fine-scale mapping of vegetation, evaluation of ecosystem 
status and trends, and the FROA. Specific future needs for conservation 
science and planning information are being identified and will be met in 
collaboration with others during development and implementation of 
policies related to conservation, capital projects, and development of the 
2017 Conservation Strategy. 

5.8 Adaptive Management 

The Central Valley flood management system is complex and dynamic, and 
the State must balance multiple competing objectives to improve the status 
and trends of biological resources within the system. These trends will 
unfold over decades, and understanding of the complexities of the system 
will change during that period. A robust and scientifically sound adaptive 
management program must be in place for future projects to achieve their 
stated goals. Adaptive management is a systematic and iterative process 
that generates feedback between monitoring and management actions. The 
feedback mechanism is engaged when monitoring data are analyzed and 
results are used to adjust project management, or future project design, in a 
manner that optimizes achieving project goals. Adaptive management 
employs a structured approach, yet it is also a flexible tool that can adjust 
to a dynamic environment and evolving projects. Adaptive management 
can thereby keep a project “on track” toward meeting its goals and 
objectives, despite the variability inherent in dynamic, natural systems over 
varying spatial and temporal scales. 

The State is committed to using an adaptive management approach in its 
Conservation Strategy. Two key elements of an adaptive management 
program to be developed include (1) a description of the organizational 
structure for the participants to implement the adaptive management 
process, and (2) a conceptual model of the adaptive management process 
itself. 

The State anticipates developing an organizational structure that allows for 
input from technical representatives of various interests, including 
agricultural and environmental interests, and regulatory and resource 
agencies. Once an organizational structure is in place, an adaptive 
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management program will develop the initial monitoring activities 
proposed to evaluate project progress toward meeting goals and objectives. 
It is therefore important to also develop conceptual models of the biological 
systems in question so that ecosystem functions can be linked to 
quantitative monitoring elements. The program must then establish the 
triggers (or thresholds) that would initiate a management response and 
describe the range of potential adaptive management actions. Management 
triggers define the specific point, or a range of values, where monitoring 
data indicate that a project may be developing along an unexpected or 
unfavorable trajectory, and where management actions may be necessary 
so that the project meets habitat and regulatory performance goals. 

Once project monitoring determines that a management trigger has been 
“activated,” there are three possible response pathways: 

1. Determine that more data are required and continue (or modify) 
monitoring. 

2. Identify and implement a remedial action. 

3. Modify project goals and objectives (this option would only be 
considered as a last resort and after careful consideration). 

Multiple possible management actions may activate a particular trigger, 
depending on a variety of factors such as how far the project is from 
achieving a specific goal, or whether the situation is an imminent threat to 
local infrastructure, ecosystem services/functions, or site stability, etc. 
Adaptive management is flexible because it allows a wide range of 
management actions but, just as importantly, it imposes a structured 
process because management actions must derive from monitoring results. 
This process is shown on Figure 5-3. 
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Figure 5-3.  Adaptive Management Process 

Technical expertise is critical to understanding potential linkages between 
goals and proposed actions. Therefore, DWR will identify a lead scientist 
who can identify and prioritize technical issues and develop an outside 
technical review team for peer review of methods, data, and interpretation 
and application of results. Applying scientific rigor to adaptive 
management will be critical for the long-term success, and political and 
public support, of any proposed projects. 

Adaptive management is a simple and logical process, but often difficult to 
implement. One of the most challenging aspects of developing an adaptive 
management program is defining the problem. This includes not only 
technical details of the problem, but also the temporal and geographic 
scale. A good adaptive management program will clearly state goals and 
objectives that are linked to performance criteria. However, setting 
thresholds and triggers for specific future management actions can often be 
difficult and controversial. Common technical questions include verifying 
adequacy of baseline information and/or reference sites to make 
meaningful comparisons; establishing the structure and time frame for 
decisions based on monitoring results; adequately managing data to handle 
the amount generated from multiple projects over many years; and 
confirming the willingness of stakeholders to be flexible in light of new 
information. 

Given the complexity and depth of issues facing the State, adaptive 
management is a powerful tool to efficiently and effectively communicate 



5.0 Implementation 

December 2011 5-33 
Public Draft 

the trajectory of the CVFPP and the natural resources it affects and, 
ultimately, result in successful flood management and ecosystem 
restoration projects. 

5.9 Outreach, Engagement, and Education 

Leading up to the 2017 CVFPP, DWR will refine the CVFPP and develop 
the associated Conservation Strategy. This process is described more fully 
in Chapter 4.4 of the CVFPP and in Section 7, Next Steps, below. 

Achieving CVFPP goals will require public support and effective 
partnerships. To facilitate constructive exchanges and garner support, the 
State will pursue multiple approaches to engage a variety of interests in 
developing and updating the Conservation Strategy. Outreach and 
engagement will incorporate input from the public, agricultural and 
conservation communities, maintaining agencies, and regulatory and 
resource agencies. Educational programs will be built on components of the 
State’s existing science education framework. The State is interested in 
coordinating and forming partnerships with the agricultural community, 
consistent with many of the findings of the Agricultural Stewardship Scope 
Definition Subcommittee. 

Public outreach and engagement for the Conservation Strategy is aligned, 
in a parallel structure, to the five planning areas within the Systemwide 
Planning Area, with a designated individual assigned to public meetings 
and workshops for each planning area. This individual is the point of 
contact for the public and coordinates outreach activities within a planning 
area. The State will develop a Conservation Strategy Web site, educational 
materials, presentations, and workshops as part of public outreach and 
engagement. In addition, an effort will be made to engage agricultural 
communities in developing the Conservation Strategy. 

To promote a strong working relationship with resource and regulatory 
agencies, DWR has established an Interagency Advisory Committee to 
provide guidance on development and content of the Conservation Strategy 
and associated environmental regulatory compliance. Participants currently 
include the Board, USACE, USFWS, DFG, NMFS, and SWRCB. A 
parallel effort will be formulated to engage agricultural and conservation 
communities with a strong interest in the future of the Central Valley’s 
flood management system. DWR will use the committee to accomplish the 
following: 

 Solicit advice on policy and technical conservation topics. 
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 Identify critical issues and discuss options for resolving these issues. 

 Identify key opportunities for collaboration with other programs and 
efforts. 

 Expand partnerships for improving conservation in the Central Valley 
flood management system. 

A parallel effort will be formulated to engage agricultural, rural and 
conservation groups, and local governments with a strong interest in the 
future of the Central Valley’s flood management system in the 
development of the Conservation Strategy. Outreach on RAMP is being 
coordinated by the RAMP Work Group. 

To help achieve the State’s goals for improving educational materials about 
flood system conservation, DWR is working with the San Joaquin County 
Office of Science and Special Projects and Project Water Education for 
Teachers to organize a Floodplain and Delta Ecology Teacher Institute. 
This effort is designed to create meaningful activities for the classroom and 
interactive content learning for fourth- through eighth-grade teachers 
focused around the ecological significance of the Delta and Central Valley 
floodplains. The model framework created for the Floodplain and Delta 
Ecology Teacher Institute is adaptable and can be easily expanded to 
address more grade levels, and more teachers, and include more 
comprehensive information about the CVFPP and Conservation Strategy. 
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Bank Swallows (Riparia riparia) 

6.0 Indicators of Success 
Progress toward the ecological and planning goals of this Conservation 
Framework can be measured using several types of indicators. In general, 
indicators should be readily understandable, quantifiable, possible, and 
affordable. The indicators should be able to be repeated to show trends, and 
should be sensitive to management actions. Furthermore, for a long-term 
program, they should yield useful information despite the major ecological, 
institutional, scientific, and technological changes that are likely during 
long time spans. 

The following two sections discuss potential indicators for the 
Conservation Framework ecological and planning goals, respectively. The 
process to develop the 2017 Conservation Strategy will identify a more 
refined set of indicators of conservation-related progress. In the interim, the 
State is committed to developing baseline information that will be used to 
develop and track possible ways that progress toward achieving 
conservation goals can be measured, as detailed below. 

6.1 Ecological Indicators 

Improvements in ecological conditions and trends need to be monitored for 
ecosystem processes, habitats, and species. Monitoring 
needs to be capable of indicating changes at the project, 
reach, and systemwide geographic scales. Information 
related to the following potential indicators will be 
developed at multiple geographic scales, and individual 
projects can use these indicators to measure their 
contribution to systemwide improvements. Possible 
metrics include the following: 

 Ecosystem Processes 

- River meandering (sinuosity) – Meander 
migration is a key process for many important 
ecosystem functions, including riparian 
vegetation establishment, floodplain creation, 
habitat creation (e.g., bank erosion for swallow 
habitat), and creation of off-channel habitats 
(e.g., oxbow lakes, side channels, sloughs) by progressive migration 
and cutoff processes. Possible metrics include the following: 
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o Number of unnatural hard points within and along channels 
(over time, the goal would be a reduction in riprap and other 
channel-controlling features along a river) 

o River overall length and length of river with natural floodplain 
disturbance patterns 

o Channel depth, width, and slope by reach 

o Area of floodplain reworked through sediment erosion, 
transport, and deposition 

o Point bar characteristics, such as area, slope, and texture 

- Floodplain activation flows 

o Timing, depth, duration, and extent of flooding that activates 
ecological processes (such as germination and aquatic food web 
production) 

 Habitat 

- Habitat connectivity 

o Extent of floodplain subject to regular flooding (floodplain-to-
river connectivity) 

o Landscape-level habitat fragmentation and connectivity indices 
(connectivity between patches of same habitat type, 
connectivity among habitat types) 

o Number and influence of fish passage barriers 

- Habitat quantity (extent and distribution) and diversity 

o Total extent and distribution of natural habitat and agricultural 
lands that provide important wildlife values 

o Total extent and distribution of riparian habitat in diverse age 
classes 

o Total extent and distribution of major habitat types (including 
SRA, riparian forest, wetlands, spawning gravels, eroding 
banks, and floodplain fish-rearing habitat) 

- Habitat quality 
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o Extent of habitats with invasive plant or animal 
species (over time, the goal would be a 
reduction in invasive species) 

o Abundance and use by species that are 
sensitive to changes in habitat quality 

 Species 

- Abundance, diversity, and distribution of species 
that are sensitive to flood system management 
actions 

- Incidences of fish stranding at or associated with 
flood control facilities 

6.2 Planning Indicators 

In addition to ecological indicators, organizational and institutional 
indicators are also necessary to assess the success of the CVFPP 
Conservation Framework and Conservation 
Strategy. Success will therefore be determined 
not only by the ecological benefits, but also by 
the changes to the way the State carries out its 
mission. Successful conservation depends on 
such features as strong collaborative 
partnerships, broad support, strategic planning, 
and high-quality information. Progress in 
developing and maintaining these key features 
could be measured by the following: 

 Collaborative partnerships and broad 
support 

- Portion of rivers within the Systemwide 
Planning Area covered by CMPs 

- Number of projects being collaboratively developed with existing 
NCCPs, recovery planning, joint ventures, or other conservation 
planning efforts  

- Support among flood managers, regulatory agencies, agricultural 
interests and environmental NGOs for multi-benefit flood projects 
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 High quality information 

- Portion of Systemwide Planning Area with fine-scale, high-quality 
vegetation mapping and high-quality data set of sensitive species 
locations (the results of the recently conducted medium-scale 
vegetation mapping effort are presented in Attachment 9D: 
Improving Vegetation Data) 

- Number and quality of broadly supported conceptual ecological 
models for priority habitats and species 

 Strategic planning 

- Number of RAMP projects that have been approved by the 
Mitigation Banking Interagency Review Team and are available for 
transferring habitat credits for flood projects 

- Number of integrated flood projects that expand flood capacity in 
specific river corridors and systemwide, and that contribute to the 
above ecological goals 

- Average time required per flood project for environmental approval 

- Cost reductions for O&M and repair in flood areas (e.g., levee 
reaches, bypasses, channels) 

The above indicators are likely examples of indicators that would be 
tracked to demonstrate a trajectory of increasing ecological values and 
institutional progress. Specific elements may be eliminated or added per the 
needs and goals of a specific project. DWR will establish a database to 
receive and track data from individual projects. These data will help 
demonstrate cumulative progress. While no specific targets are given for 
individual monitoring elements, each project must maximize these 
improvements in these indictors (or justify their exclusion), and show an 
overall trajectory toward achieving CVFPP goals. 

6.3 Indicators from CVFPP Scope Definition 
Work Groups 

As mentioned in Section 1.4, DWR convened several groups of 
stakeholders early in the CVFPP planning process to identify the potential 
scope for the 2012 CVFPP.  As part of their summary reports, the  
ESSDWG and the Agricultural Stewardship Scope Definition Joint 
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Subcommittee recommended indicators for use in evaluating the success of 
integrating environmental and agricultural issues into the CVFPP.  

Recommended indicators from the ESSDWG (DWR, 2009) for successful 
integration of environmental stewardship into the CVFPP are shown in 
Table 6-1. These indicators show a range of potential content for defining 
successful, partially successful, and no integration with 12 key attributes 
(i.e., key features) related to environmental stewardship.  

The Agricultural Stewardship Scope Definition Joint Subcommittee 
provided a similar set of indicators to evaluate successful integration of 
agricultural issues into the CVFFP (DWR, 2010).  While these indicators 
are most appropriately addressed within the CVFPP, they are important 
reference points for developing a holistic approach that acknowledges the 
importance of rural areas to integration of conservation and flood 
management. 
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Table 6-1.  Environmental Stewardship Scope Definition Indicators of Successful Integration of Environmental 
Stewardship into CVFPP 

Key Action 
Measured Description 

Evaluating Content Quality 

Successful Integration Partially Successful 
Integration 

Not 
Successful 
Integration 

Identify and 
Describe 
Existing 
Conditions for 
Processes 
and Habitat  

Identify, describe, and quantify 
(1) physical and ecological 
processes, and (2) key species 
and their habitat that are 
affected by the flood 
management system in the 
Sacramento-San Joaquin 
valleys and Delta.  

The plan identifies and 
describes important physical 
and ecological processes, 
habitats and key species and 
their relationship to the flood 
management system. It 
describes cause-and-effect 
conceptual relationships for 
many species and ecosystems, 
and provides GIS-based maps 
to identify where the processes, 
species, and habitats are 
affected by the flood 
management system.  

The plan identifies and 
describes important 
physical and ecological 
processes, habitats, and 
key species and their 
relationship to the flood 
management system. 
The plan inadequately 
describes cause-and-
effect conceptual 
relationships. GIS-based 
maps are not included, 
or are insufficient.  

The plan does 
not identify or 
describe 
important 
physical and 
ecological 
processes, 
habitats, and key 
species.  

Build on 
Existing Data 
and Lessons 
Learned  

Identify and build on previous 
conservation planning efforts in 
the Sacramento-San Joaquin 
valleys and Delta (both written 
and GIS-based datasets), 
incorporate lessons learned, 
and avoid duplicate efforts.  

The plan provides a 
comprehensive summary of 
other relevant large-scale 
conservation planning efforts, 
including a description of key 
lessons learned by each effort). 
The plan builds on these efforts 
and incorporates lessons 
learned.  

The plan provides a 
comprehensive 
summary of other 
relevant large-scale 
conservation planning 
efforts, but does not 
incorporate the lessons 
learned from these 
efforts.  

The plan does 
not make an 
attempt to build 
on other relevant 
conservation 
planning efforts.  
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6.0 Indicators of Success 

Table 6-1.  Environmental Stewardship Scope Definition Indicators of Successful Integration of Environmental 
Stewardship into CVFPP (contd.) 

Key Action 
Measured Description 

Evaluating Content Quality 

Successful Integration Partially Successful 
Integration 

Not Successful 
Integration 

Identify Key 
Data Gaps, 
Assumptions, 
and Areas of 
Uncertainty  

Identify key data gaps, 
assumptions, and areas of 
uncertainty affecting integration 
of environmental stewardship 
into the 2012 CVFPP, and 
recommend a stepwise 
approach to the development 
or refinement of additional 
models, data, tools, and other 
resources that could enhance 
future integration of 
environmental stewardship into 
the flood management 
planning process.  

The plan identifies a 
comprehensive set of key data 
gaps, assumptions, and areas 
of uncertainty, and provides 
recommendations, including 
specific steps to take, for 
closing each data gap, 
validating assumptions, and 
reducing uncertainty.  

The plan identifies key 
data gaps, assumptions, 
and areas of uncertainty, 
but it does not provide 
recommendations to 
close these gaps.  

The plan does not 
identify any data 
gaps, 
assumptions, and 
areas of 
uncertainty and/or 
recommendations 
for closing data 
gaps.  

Rehabilitate 
and Sustain 
Physical and 
Ecological 
Processes  

Develop SMART1 objectives 
and management actions to 
rehabilitate and sustain key 
physical processes and 
ecological functions, including 
(1) floodwater conveyance, 
groundwater recharge, and 
other hydrologic functions; (2) 
sediment transport and 
retention and geomorphic 
processes, including channel 
meander; (3) nutrient cycling, 
and the retention, removal, and 
degradation of pollutants; and 
(4) growth, reproduction, and 
dispersal of terrestrial and 
aquatic organisms.  

The plan contains SMART 
objectives and management 
actions that will enhance and 
sustain (in the context of 
climate change) each of the 
listed set of functions.  

The plan contains 
SMART objectives and 
management actions 
that will enhance and 
sustain (in the context of 
climate change) some of 
the listed functions.  

The plan does not 
contain SMART 
objectives and 
management 
actions that will 
enhance and 
sustain any of the 
listed functions.  
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Table 6-1.  Environmental Stewardship Scope Definition Indicators of Successful Integration of Environmental 
Stewardship into CVFPP (contd.) 

Key Action 
Measured Description 

Evaluating Content Quality 

Successful Integration Partially Successful 
Integration 

Not 
Successful 
Integration 

Restore and 
Enhance 
Aquatic, 
Wetland, and 
Riparian 
Ecosystems  

Develop SMART objectives 
and management actions to 
increase and improve the (1) 
quantity, (2) diversity, and (3) 
connectivity of (A) riparian, (B) 
wetland, (C) shallow floodplain, 
and (D) shaded riverine aquatic 
habitats within the flood 
management system, linking 
these objectives and 
management actions to key 
species identified in No. 1 and 
processes identified in No. 4. 
Provide GIS maps depicting 
potential locations for 
restoration.  

The plan contains SMART 
objectives and management 
actions that will result in a net 
increase in the three listed 
attributes for each of the four 
listed ecosystems and provides 
a GIS map to depict potential 
locations for restoration. The 
objectives and management 
actions for habitat 
improvements are linked to key 
species and their habitat 
requirements.  

The plan contains 
SMART objectives and 
management actions for 
some of the attributes 
for some of the 
communities. OR, the 
plan contains objectives 
and management 
actions for all of the 
attributes and 
communities, but the 
objectives and 
management actions 
are not tied to key 
species habitat 
requirements.  

The plan does 
not contain 
SMART 
objectives and 
management 
actions that will 
result in a net 
increase in 
and/or improved 
habitat 
conditions.  

Reduce 
Conflicts 
Between 
Flood 
Conveyance 
and Other 
Ecosystem 
Functions and 
Values  

Identify existing or potential 
conflicts between flood 
conveyance and other 
functions and values, including 
(1) water supply, (2) fish and 
wildlife habitat, (3) recreation, 
(4) agriculture, and (5) cultural 
heritage sites and provide 
solution sets to reduce the 
conflicts.  

The plan identifies conflicts 
between flood conveyance and 
each of the five listed functions 
and values, and includes 
actions to reduce identified 
conflicts with each of the five 
listed functions and values.  

The plan includes 
actions to reduce 
conflicts for some listed 
functions and values.  

The plan does 
not include 
actions to reduce 
conflicts for any 
of the listed 
functions and 
values in the 
plan.  
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6.0 Indicators of Success 

Table 6-1.  Environmental Stewardship Scope Definition Indicators of Successful Integration of Environmental 
Stewardship into CVFPP (contd.) 

Key Action 
Measured Description 

Evaluating Content Quality 

Successful Integration Partially Successful 
Integration 

Not 
Successful 
Integration 

Support the 
Recovery of 
Threatened 
and 
Endangered 
Species  

Describe actions that support 
the recovery of threatened and 
endangered species 
associated with the flood 
management system.  

The plan includes actions that 
contribute to the recovery of all 
sensitive, threatened, and 
endangered species associated 
with the flood management 
system.  

The plan includes 
actions that contribute 
to the recovery of some 
threatened and 
endangered species 
associated with the 
flood management 
system.  

The plan does 
not include 
actions that 
contribute to 
recovery of 
threatened and 
endangered 
species 
associated with 
the flood 
management 
system.  

Encourage 
Compatible 
Multiple Uses 
of Flood 
Management 
System  

Describe actions that 
encourage compatible multiple 
uses of the flood management 
system, including (1) public 
education, (2) public access, 
(3) recreation, and (4) Native 
American communal activities 
in the flood management 
system.  

The plan includes actions that 
address all four of these uses.  

The plan includes 
actions that address 
one to three of these 
uses.  

The plan does 
not include 
actions that 
address any of 
these uses.  

Control and 
Reduce 
Invasive 
Species  

Describe comprehensive 
guidance, including 
management actions to (1) 
discourage the establishment 
of new invasive species, (2) 
prevent the spread of existing 
infestations, and (3) reduce the 
extent of existing infestations 
within the flood management 
system.  

The plan includes management 
actions that address all three of 
these invasive species issues 
for all of the major invasive 
species in the flood 
management system.  

The plan includes 
management actions 
that only partially 
address all three of 
these invasive species 
issues; or only 
addresses them for a 
small set of invasive 
species.  

The plan does 
not address any 
of these three 
issues.  
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Table 6-1.  Environmental Stewardship Scope Definition Indicators of Successful Integration of Environmental 
Stewardship into CVFPP (contd.) 

Key Action 
Measured Description 

Evaluating Content Quality 

Successful Integration Partially Successful 
Integration 

Not 
Successful 
Integration 

Support the 
Conservation 
of Agricultural 
Lands for 
Environmental 
Stewardship  

Describe actions that improve 
the effectiveness of agricultural 
landscapes to, in turn, improve 
water quality and conserve 
habitat. Provide specific 
management actions that will 
maintain and increase the 
value of agricultural land for 
water quality and habitat.  

Includes management actions 
for agricultural lands that 
provide mutual benefits to 
agriculture, water quality, and 
wildlife within the flood 
management system.  

Agricultural landscapes 
are considered in some 
solution sets related to 
water quality and 
habitat. The plan does 
not describe wildlife-
friendly and water 
quality best 
management practices.  

The plan does 
not consider the 
benefits of 
agricultural 
landscapes in 
solution sets.  

Minimize 
Environmental 
Effects of 
Maintaining 
Flood 
Management 
System  

Ensure that all CVFPP actions 
strive to minimize, and 
compensate for, the negative 
environmental effects to (1) 
natural processes, (2) water 
quality, (3) special-status 
species, and (4) native 
vegetation and wildlife species 
associated with ongoing 
maintenance of the flood 
management system while 
maintaining flood conveyance. 

The plan contains a 
comprehensive set of actions to 
minimize, and compensate for, 
the negative environmental 
effects of maintenance activities 
to all four components 
identified.  

The plan contains 
actions to minimize, and 
compensate for, 
negative effects, but it 
is not a comprehensive 
set and does not 
address all four 
components.  

The plan does 
not include 
minimization or 
compensatory 
actions.  

Improve 
Efficiency and 
Effectiveness 
of 
Environmental 
Compliance  

Describe actions that improve 
efficiency and effectiveness of 
compliance with environmental 
regulations by the flood 
management system.  

The plan includes actions to 
improve efficiency and 
effectiveness of complying with 
each major environmental 
regulatory process.  

The plan includes 
actions for more 
efficient compliance 
with some, but not all, 
of the major 
environmental 
regulatory processes.  

The plan does 
not include 
actions for more 
efficient 
compliance with 
any of the major 
environmental 
regulatory 
processes.  

Note: 
1 SMART – Specific, Measurable, Achievable, Relevant and Timed 
Key: 
CVFPP = Central Valley Flood Protection Plan 
Delta = Sacramento-San Joaquin Delta 

GIS = geographical information system 
SMART = specific, measureable, attainable, relevant, time-bound 
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7.0 Next Steps 
As mentioned in Section 1, Introduction, the State will use this 
Conservation Framework to guide conservation actions associated with the 
CVFPP until the Conservation Framework is replaced by the 2017 
Conservation Strategy. During the next 5 years, the State will continue to 
develop environmental components for the 2017 CVFPP update and 
Conservation Strategy. 

Anticipated outcomes for the 2017 Conservation Strategy are guidance on 
streamlined permitting processes for CVFPP-related projects; inclusion of 
environmental stewardship into flood risk reduction projects; decrease in 
need for continued maintenance through a more sustainable flood 
management system; contribution to the recovery of listed and/or special 
status species and habitats, leading to the potential of decreased mitigation 
requirements in the future; and ensuring that the citizens of California are 
better protected from loss of life and property by flood through a more 
naturally functioning floodplain ecosystem. 

Development of the 2017 Conservation Strategy continues in close 
coordination with, and supports development of, 5-year updates to the 
CVFPP. This collaborative development provides environmental planning, 
policy, and technical support to develop public outreach and engagement; 
to identify opportunities to solve flood problems with environmental 
approaches; and to provide a solid scientific foundation for improving 
environmental conditions and trends. In addition to collaboration with the 
CVFPP, the Conservation Strategy will be developed through engagement 
with the Board, environmental, recreational, and agricultural interests. This 
collaboration between the CVFPP and the Conservation Strategy includes 
the following items: 

 Developing measurable objectives for the Conservation Strategy, 
consistent with goals of the CVFPP and this Conservation 
Framework and by engaging interested organizations. 

 Initiating or partnering with others on ecosystem restoration 
projects and plans to achieve Conservation Framework goals – 
Involvement in capital projects includes strategic use of conservation-
specific funding. 

 Conducting regional conservation planning, in coordination with 
other State programs and ongoing collaborative efforts, including 
NCCP/HCPs, programmatic ESA Section 7 consultations, and 
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Integrated Regional Water Plans – Conservation planning includes 
identifying restoration opportunities; conducting targeted, species-
focused conservation planning; and developing corridor management 
strategies, regional advanced mitigation, and regional permitting 
strategies that improve flood project delivery. 

 Participating in development and implementation of relevant 
policies – Relevant policies include those regarding vegetation 
management, O&M, and other issues related to flood management; 
environmental river flows; and the State’s environmental stewardship 
policy. 

 Improving environmental scientific and technical basis for 
informing flood management decisions – Improvements are made 
through inventory, analysis and modeling, monitoring, management 
oriented-research, and information management and access. 

 Developing more effective partnerships with others and improving 
public outreach and engagement – This partnering, outreach, and 
engagement occurs through sharing information and recommendations 
with interagency committees, independent science advisers, flood 
managers, and stakeholders (e.g., regulatory, transportation, and land 
managing agencies, NGOs, agricultural interests, private landowners) 
and interested members of the public. 

 Developing a funding strategy for ecosystem improvement and 
project mitigation, including identifying the source of ongoing 
funds for longer term management and monitoring of mitigation 
lands. 

These activities are described in greater detail in Section 5, 
Implementation. Figure 7-1 shows the work plan and timeline for 
developing the Conservation Strategy. 
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Note: 
1 – Systemwide elements = integrated into other flood management actions throughout the system 
(e.g., O&M practices, planning and design criteria); Regional elements = region-specific actions to be 
implemented or further evaluated (e.g., modification of a specific structure) 
Key: 
CMP = Corridor Management Plan 
CVFSCS = Central Valley Flood System Conservation Strategy 
CVFPP = Central Valley Flood Protection Plan 
HCP/NCCP = Habitat Conservation Plan/Natural Communities Conservation Plan 
O&M = Operations and Maintenance 
RAMP = Regional Advance Mitigation Planning 
State = State of California 

Figure 7-1.  Overview of Conservation Strategy Work Plan and Timeline 

DWR has established an Interagency Advisory Committee to engage State 
and federal natural resource and regulatory agencies in developing, 
improving, and implementing the 2017 Conservation Strategy. 

Taken together, the Conservation Framework and ensuing Conservation 
Strategy incorporate meaningful avoidance, minimization, mitigation, and 
enhancement measures into the CVFPP to benefit ecosystems and species 
that rely on the aquatic and terrestrial habitats of the flood management 
system, while simultaneously improving the performance of the flood 
management system. Through development of multibenefit projects, the 
Conservation Framework and Conservation Strategy will provide to the 
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flood management planning process information, tools, and techniques 
appropriate to realize the ecosystem goals of the Central Valley Flood 
Protection Act of 2008. Appropriate policies, funding formulas, and benefit 
evaluations will allow the Conservation Framework and Conservation 
Strategy to be implemented concurrent with flood management 
improvements throughout the Systemwide Planning Area. 
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9.0 Acronyms and Abbreviations 
AEP ........................... annual exceedence probability 

BDCP ........................ Bay-Delta Conservation Plan 

Board ......................... Central Valley Flood Protection Board 

CALFED .................... CALFED Bay-Delta Program 

CEQA ........................ California Environmental Quality Act 

CESA ......................... California Endangered Species Act 

CLVRP ...................... California Levee Vegetation Research Program 

CMP .......................... Corridor Management Planning 

CMS .......................... Corridor Management Strategy 

Conservation Strategy Central Valley Flood System Conservation 
Strategy 

CVFPP ...................... Central Valley Flood Protection Plan 

CVIFMS ..................... Central Valley Integrated Flood Management Study 

CVP ........................... Central Valley Project 

CVPIA ........................ Central Valley Project Improvement Act 

CVV ........................... Central Valley Vision 

CWC .......................... California Water Code 

Delta .......................... Sacramento-San Joaquin Delta 

DFG ........................... California Department of Fish and Game 

DPR ........................... California Department of Parks and Recreation 

DWR .......................... California Department of Water Resources 

ERDC ........................ Engineer Research and Development Center 

ESA ........................... Federal Endangered Species Act 

ESSDWG .................. Environmental Stewardship Scope Definition Work 
Group 

ETL ............................ Engineering Technical Letter 

FERC ......................... Federal Energy Regulatory Commission 

FloodSAFE ................ FloodSAFE California Initiativee 

FROA ........................ Floodplain Restoration Opportunities Analysis 

GIS  ........................... Geographic Information System 
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HCP ........................... Habitat Conservation Plan 

LCM ........................... life-cycle management 

NCCP......................... Natural Community Conservation Plans 

NGO .......................... nongovernmental organizations 

NMFS......................... National Marine Fisheries Service 

O&M .......................... operations and maintenance 

OSP ........................... Open Space Plan 

PGL ........................... Policy Guidance Letter 

RAMP ........................ regional advance mitigation planning 

RD ............................. Reclamation District 

Reclamation ............... U.S. Department of the Interior, Bureau of 
Reclamation 

RM ............................. River Mile 

ROA ........................... Restoration Opportunities Analysis 

SAFCA ....................... Sacramento Area Flood Control Agency 

SERP ......................... Small Erosion Repair Program 

SJRRP ....................... San Joaquin River Restoration Program 

SPFC ......................... State Plan of Flood Control 

SRA ........................... shaded riverine aquatic 

SSIA .......................... State Systemwide Investment Approach 

State .......................... State of California 

SWRCB ..................... State Water Resources Control Board 

TNC ........................... The Nature Conservancy 

TRLIA ........................ Three Rivers Levee improvement Authority 

USACE ...................... U.S. Army Corps of Engineers 

USFWS ...................... U.S. Fish and Wildlife Service 
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Cover Photo: Sacramento Weir (December 24, 1964), DWR Photo Lab

The Sacramento Weir and Bypass discharges excess flows from the

Sacramento River (on the left) into the Yolo Bypass (not shown).  

The 1964-65 water year was marked by one of the most disastrous floods in California’s history.
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1.0 Documents Incorporated by 
Reference 

The 2012 Central Valley Flood Protection Plan (CVFPP) incorporates 
information by reference from several documents that are either linked with 
CVFPP through legislative requirements or related management policies 
that adoption of the CVFPP will trigger. This includes State Plan of Flood 
Control Descriptive Document (DWR, 2010a), Flood Control System 
Status Report (DWR, 2011), Criteria for Demonstrating Urban Level of 
Flood Protection (DWR, 2012), and Urban Levee Design Criteria (DWR, 
2012).  A summary of each document is provided in this attachment. 

1.1 Summary: State Plan of Flood Control 
Descriptive Document 

The State Plan of Flood Control (SPFC) Descriptive Document (DWR, 
2010a) provides an inventory and description of the flood control projects 
and works (facilities), lands, programs, plans, conditions, and mode of 
operations and maintenance (O&M) for the State-federal flood protection 
system in the Sacramento River and San Joaquin River watersheds of 
California, and facilities identified in California Water Code Section 8361. 

Section 9110 (f) of the California Water Code defines the SPFC as follows: 

"State Plan of Flood Control" means the state and federal flood 
control works, lands, programs, plans, conditions, and mode of 
maintenance and operations of the Sacramento River Flood Control 
Project described in Section 8350, and of flood control projects in 
the Sacramento River and San Joaquin River watersheds authorized 
pursuant to Article 2 (commencing with Section 12648) of Chapter 
2 of Part 6 of Division 6 for which the board or the department has 
provided the assurances of nonfederal cooperation to the United 
States, and those facilities identified in Section 8361. 

The State-federal flood protection system comprises federally and State-of-
California (State) authorized projects for which the Central Valley Flood 
Protection Board (Board), formerly The Reclamation Board, or the 
California Department of Water Resources (DWR) of the State, has 
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provided assurances of cooperation1 to the United States federal 
government. These Board- or DWR-provided assurances, coupled with 
State authorization, are an important distinction for what constitutes the 
State-federal flood protection system.2  Other flood protection facilities in 
the Sacramento River and San Joaquin River watersheds that are not 
covered by assurances to the federal government from the Board or DWR 
are not part of the State-federal flood protection system or SPFC, but are 
included in the Sacramento-San Joaquin River Flood Management System 
defined in the California Water Code Section 9611. 

The SPFC Control Descriptive Document includes details for the following 
components: 

 SPFC Facilities 

- Approximately 1,600 miles of levees 

- Five major weirs spilling floodwaters from the Sacramento River to 
bypass channels 

- Four dams 

- Two flood relief structures and one natural overflow area from the 
Sacramento River into the Butte Basin 

- Five control structures directing flow in bypass channels along the 
San Joaquin River 

- Six major pumping plants 

- Channels 

- Bypasses and sediment basins 

- Environmental mitigation areas 

- Associated facilities, such as bank protection, stream gages, and 
drainage facilities 

 SPFC Lands 
                                                           
1 At a minimum, the assurances include that the Board or DWR provide without cost to the 

United States, all lands, easements, and rights-of-way necessary for completion of a 
project; bear the expense of necessary highway, railroad, and bridge alterations; hold and 
save the United States free from claims for damages resulting from construction of the 
works (facilities); and maintain and operate all works (facilities) after they are completed. 

2 SPFC facilities also include other features identified in Section 8361 of the California 
Water Code. 
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- Property rights for SPFC lands are held by the Sacramento-San 
Joaquin Drainage District (SSJDD), under control of the Board 

 SPFC Mode of O&M 

- Mode of O&M for completed facilities of the SPFC that the U.S. 
Army Corps of Engineers (USACE) has turned over to the Board 
include O&M manuals, and inspections and maintenance of SPFC 
facilities by maintaining agencies and flood operations 

- DWR depends on 81 maintaining agencies to keep SPFC levees in 
good condition; in addition, DWR maintains structures, channels, 
and levees in specific sections of the Sacramento River Flood 
Control Project as specified in California Water Code Section 8361 
and through State maintenance areas  

 SPFC Conditions 

- Assurances of cooperation (as specified in assurance agreements the 
California Water Code, and agreements) (USACE and Board, 1953) 

- Flood Control Regulations, Section 208.10, 33 Code of Federal 
Regulations 

- Requirements of standard and unit-specific O&M manuals 

- Design profiles (USACE, 1955 and USACE, 1957) 

- State-adopted conditions, such as the Board Designated Floodway 
Program 

 Programs and Plans Related to SPFC (historical and ongoing) 

- Federal legislation authorizing specific projects and setting 
partnership requirements for project development with USACE 

- State legislation establishing the roles and responsibilities of the 
Board, DWR and local agencies regarding flood control 

- State legislation authorizing specific projects and establishing 
requirements for partnering with the federal government and local 
entities for project development 

- Partnership agreements with USACE and maintaining agencies 

- As-constructed project documents 
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- O&M manuals 

- Master Plan for Flood Control in the Butte Basin (1964) 

- Interim Plan of Flood Control for the Sacramento River from the 
Butte County Line to Chico Landing (1984) and Butte Basin Plan of 
Flood Control (1986) 

- The ongoing FloodSAFE California (FloodSAFE) Initiative, 
California Levees Roundtable (Roundtable), Flood Control System 
Status Report (FCSSR), and Central Valley Flood Protection Plan 
Ongoing projects that have been federally authorized and State-
authorized as plans related to the SPFC 

- The Early Implementation Program and Section 221 of the Flood 
Control Act of 1970 as ongoing programs related to the SPFC 

This SPFC Descriptive Document includes a description of what the SPFC 
is at the time it is produced; it is not a plan for future modifications. 
However, as the ongoing FloodSAFE Initiative makes changes in the 
SPFC, updates to the State Plan of Flood Control Descriptive Document 
will be necessary. DWR will prepare future updates when requested by the 
Board. 

1.2 Summary: Flood Control System Status 
Report 

The Flood Control System Status Report (FCSSR) (DWR, 2011) describes 
the current status (physical condition) of SPFC facilities at a systemwide 
level. DWR prepared the FCSSR to meet the legislative requirements of 
California Water Code Section 9120, and to contribute to development of 
the CVFPP. California Water Code Section 9120 requires the following: 

(a) The department shall prepare and the board shall adopt a flood 
control system status report for the State Plan of Flood Control.  
This status report shall be updated periodically, as determined by 
the board.  For the purpose of preparing the report, the department 
shall inspect the project levees and review available information to 
ascertain whether there are evident deficiencies. 

(b)  The status report shall include identification and description of 
each facility, an estimate of the risk of levee failure, a discussion of 
the inspection and review undertaken pursuant to subdivision (a), 
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and appropriate recommendations regarding the levees and future 
work activities. 

To evaluate SPFC conditions, DWR is considering a wide variety of factors 
that could influence the performance of SPFC levees, channels, and flood 
control structures.  Information from DWR’s inspection and evaluation 
activities are considered as high-level indicators of physical conditions 
relative to specified standards.  For some factors, DWR’s approach may 
differ from an approach that USACE or other agencies would use for other 
evaluations or purposes.  In these cases, the difference is acknowledged, 
although only DWR’s approach is used as the basis for results presented in 
the FCSSR. 

The DWR Levee Evaluations Program, including its Urban Levee 
Evaluations (ULE) and Non-Urban Levee Evaluations (NULE) projects, is 
the primary source of information to evaluate the condition of SPFC levees.  
ULE and NULE both assess geotechnical conditions of levees, but urban 
levees are undergoing a more comprehensive evaluation because of public 
safety considerations for densely populated areas.  Levee conditions 
reported in the FCSSR also rely on information from DWR’s annual 
inspections and other available data to supplement the results of the DWR 
Levee Evaluations Program. 

In general, channel conveyance conditions were determined by evaluating 
whether channels have the ability to pass design capacities presented in 
O&M manuals and design profiles based on the most recent available 
hydraulic modeling. Channel conditions reported also include DWR’s 
annual inspections for vegetation and sedimentation.  Flood management 
structure conditions reported are based on DWR’s annual inspections. 

The FCSSR reflects existing facility conditions (including past 
performance) at the time the FCSSR was prepared, and some results 
represent initial findings of ongoing evaluations. Many ongoing 
inspections, geotechnical evaluations, and hydraulic evaluations will yield 
additional information on facility conditions.  Supplemental investigations 
are also underway for addressing potential inconsistent findings from other 
sources, including locally initiated investigations.  In addition, subsequent 
facility improvements, repairs, and reconstruction would likely affect 
facility conditions reported in the FCSSR. Where applicable, any changes 
in findings will be reflected in future updates to the FCSSR. 

The flood management system has provided tremendous benefits to public 
safety and property in the Central Valley – it has prevented many billions 
of dollars in flood damages since facilities were originally constructed.  
However, when evaluated against modern engineering and safety criteria, 
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some SFPC facilities face a higher chance for failure during a flood event 
than other facilities.  Table 1-1 lists factors that influence facility 
performance, findings related to each factor, and the relative threat posed 
by the factor. 

The relative threat posed by each factor is a subjective representation of (1) 
the prevalence of the factor and (2) to what degree presence of the factor 
would contribute to a potential facility failure. Factors identified as a 
“high” relative threat to SPFC facilities generally are the most prevalent 
and/or would greatly contribute to potential facility failure.  Those 
identified as a “low” relative threat to SPFC facilities generally are the least 
prevalent and/or would contribute less to potential facility failure.  
Likewise, factors identified as a "medium" relative threat to SPFC facilities 
are moderately prevalent and/or would contribute moderately to potential 
facility failure. 

Table 1-1.  Summary of Flood Control System Status Report Findings 

 Factors Findings 
Relative 

Threat Posed 
by Factor1 

Le
ve

es
 

Overall Levee 
Condition 

(multiple factors) 

 Approximately half of SPFC urban levees do not meet current levee 
freeboard, stability, or seepage design criteria at the design water surface 
elevation. 

 Approximately three-fifths of SPFC nonurban levees have a high potential 
for levee failure from under-seepage, through-seepage, structural 
instability, and/or erosion at the assessment water surface elevation. 

See Figure ES-
1 in FCSSR 

Levee Geometry 
Check 

 Approximately one-third of SPFC urban levees deviate from current 
standard levee design prism criteria. 

 Levee geometry deviates significantly from the standard levee design 
prism criteria for some nonurban SPFC levees. 

Medium 

Seepage 

 Approximately one-third of urban levees do not meet current seepage 
design criteria. 

 Almost half of SPFC nonurban levees have a high potential for levee 
failure from under-seepage.  

 Approximately one-quarter of SPFC nonurban levees have a high 
potential for levee failure from through-seepage. 

High 

Structural 
Instability 

 Approximately one-fifth of SPFC urban levees do not meet current 
structural stability design criteria. 

 Approximately one-seventh of SPFC nonurban levees evaluated in the 
Sacramento River watershed and 1 percent in the San Joaquin River 
watershed have a high potential for levee failure from structural instability. 

Medium 
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Table 1-1.  Summary of Flood Control System Status Report Findings (contd.) 

 Factors Findings 
Relative 

Threat Posed 
by Factor1 

Le
ve

es
 

Erosion 

 Erosion assessments for urban levees are underway, and results are not 
available at this time. 

 Almost one-sixth of SPFC nonurban levees have a high potential for levee 
failure from erosion. 

Medium 

Settlement  Four known localized levee locations have settlement (localized 
depressions) that endangers the integrity of SPFC levees. Low 

Penetrations2  More than 6,000 penetration sites are documented in SPFC levees, and 
many more remain undocumented.  Medium 

Levee Vegetation  About 15 miles of SPFC levees are noncompliant with Interim Levee 
Vegetation Criteria(DWR, 2007).3 5  Low 

Rodent Damage 
 More than one-third of the 1,459 miles of SPFC levees studied had at 

least eight reported occurrences of burrowing activity over a 21-year study 
span. 

Medium 

Encroachments4 
 1,223 encroachment sites were identified as partially or completely 

obstructing visibility and access to the levee and/or were within 10 feet of 
the landside toe.5 

Medium 

C
ha

nn
el

s 

Inadequate 
Conveyance 

Capacity 

 Approximately half of the 1,016 miles of SPFC channels evaluated are 
potentially inadequate to convey design flows, and require additional 
evaluation to confirm conditions. 

 Approximately one-quarter of channel design capacities reported in O&M 
manuals do not agree with flows specified in the design profiles. 

Medium 

Channel 
Vegetation 

 Of 186 miles of SPFC channels inspected by DWR, 1 location was rated 
Unacceptable and 54 locations were rated Minimally Acceptable because 
of vegetation and obstructions.5 

Low 

Channel 
Sedimentation 

 Of 186 miles of SPFC channels inspected by DWR, 1 location was rated 
Unacceptable and 23 locations were rated Minimally Acceptable because 
of shoaling/sedimentation.5 

Low 

St
ru

ct
ur

es
 

Inadequate 
Hydraulic 
Structures 

 Of 32 SPFC hydraulic structures inspected by DWR, no structures were 
rated Unacceptable because of structural, vegetation/obstruction, 
encroachment, or erosion/sedimentation issues.5 

Low 

Inadequate 
Pumping Plants 

 Of 11 SPFC pumping plants inspected by DWR, none were rated 
Unacceptable.5 Low 

Inadequate 
Bridges  Of 10 SPFC bridges inspected by DWR,2 were in need of repairs.5 Low 
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Table 1-1.  Summary of Flood Control System Status Report Findings (contd.) 
Notes: 
1The relative threats listed in Table 1-1 were generated based on professional experience of technical staff from DWR and partner 
agencies. 
2Penetrations include man-made objects that cross through or under a levee or floodwall and have the potential to provide a preferential 
seepage path or hydraulic connection with the waterside.  Typically, a penetration is a pipe or transportation structure, such as a roadway 
or rail line. 
3 This finding is based on Interim Levee Vegetation Criteria (DWR 2007) and not on USACE levee vegetation criteria. Comparison with 
USACE levee vegetation criteria would show more SPFC levees as noncompliant. 
4Encroachments are any obstruction or physical intrusion by construction of works or devices, planting or removal of vegetation, or 
caused by any other means, for any purpose, into a flood control project, waterway area of the flood control project, or area covered by an 
adopted plan of flood control (California Code of Regulations Title 23 Chapter 1 Article 2 Section 4 (m)).  Encroachments include boat 
docks, ramps, bridges, sand and gravel mining, placement of fill, fences, retaining walls, pump stations, residential structures, and 
irrigation and landscaping materials/facilities. 
5 Inspection results reported are from DWR’s 2009 Inspections. 

Key: 
DWR = California Department of Water Resources 
FCSSR = Flood Control System Status Report 
SPFC = State Plan of Flood Control 
USACE = U.S. Army Corps of Engineers 

The overall condition of urban levees, nonurban levees, channels, and flood 
control structures of the SPFC can be summarized as follows: 

 Urban levees – Approximately half of about 300 miles3 of SPFC urban 
levees evaluated do not meet current levee freeboard, stability, or 
seepage design criteria4 at the design water surface elevation. 

 Nonurban levees – Approximately three-fifths of about 1,200 miles of 
SPFC nonurban levees evaluated have a high potential for failure from 
under-seepage, through-seepage, structural instability, and/or erosion at 
the assessment water surface elevation.5  Nonurban levees were 
evaluated based on systematic, consistent, repeatable analyses that 
correlated geotechnical data with levee performance history, not 
relative to any current design criteria.6 

 SPFC channels – Approximately half of the 1,016 miles of channels 
evaluated in the SPFC have a potentially inadequate capacity to convey 
design flows, and require additional evaluation to confirm conditions. 

                                                           
3 Additional 10 miles of SPFC urban levees are being evaluated, and results will be 

included in future updates. 
4 Design criteria used were based on the Design and Construction of Levees Engineering 

Manual 1110-2-1913 (USACE, 2000) and Interim Levee Design Criteria for Urban and 
Urbanizing Areas in the Sacramento Valley, Version 4 (DWR, 2010c). 

5 Where available, 1955/57 design water surface elevations were used as the assessment 
water surface elevation.  In the absence of 1955/57 design water surface elevations, the 
assessment water surface elevation was based on freeboard requirements for each levee 
segment (i.e., generally 3 feet below the levee crest). 

6 This approach was selected because the extent of the NULE Project is significantly 
greater than the ULE Project, making it difficult to conduct the same level of field 
explorations and geotechnical data collection performed for ULE levees. 
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 SPFC flood control structures – None of the 32 hydraulic structures 
or 11 pumping plants inspected by DWR for the SPFC were rated 
Unacceptable during the 2009 inspections.  Of the 10 SPFC bridges 
inspected by DWR in 2009, 2 were in need of repairs. 

Lastly, the FCSSR includes recommendations regarding the levees and 
future work activities, including next steps for Board adoption of the 
FCSSR findings, and future periodic updates, as requested by the Board. 

1.3 Summary: Criteria for Demonstrating Urban 
Level of Flood Protection 

As part of the flood management legislation passed in 2007, all cities and 
counties within the Sacramento-San Joaquin Valley will be required to 
make findings related to the urban (200-year) level of flood protection 
before entering into a development agreement for a property, approving a 
discretionary permit or entitlement for any property development or use, or 
approving a ministerial permit that would result in construction of a new 
residence, or approving a tentative map/parcel map for a subdivision (see 
California Government Code Sections 65865.5, 65962, and 66474.5).  This 
requirement applies to urban and urbanizing areas, as defined by California 
Government Code Section 65007, Paragraphs (j) and (k). 

After the Board’s adoption of the CVFPP in 2012, cities and counties 
within the Sacramento-San Joaquin Valley have up to 24 months to amend 
local general plans, and 36 months to amend local zoning ordinances to be 
consistent with the CVFPP.  Subsequently, by approximately 2015, cities 
and counties will be required to make findings regarding an urban level of 
flood protection when considering decisions about entering into a 
development agreement for a property, approving a discretionary permit or 
entitlement for any property development or use, or approving a ministerial 
permit that would result in construction of a new residence, or approving a 
tentative map/parcel map for a subdivision. 

The draft criteria are being developed through a collaborative process, with 
input from engineering and planning experts from cities and counties and 
other organizations.  Pertinent engineering criteria (such as methods to 
compute flood depths, and technical standards for levees and floodwalls), 
are contained in the Urban Levee Design Criteria (ULDC) (DWR, 2012) 
and are incorporated by reference into the policy-level criteria contained in 
the Criteria for Demonstrating Urban Level of Flood Protection (DWR, 
2012). 



2012 Central Valley Flood Protection Plan 
Attachment 3: Documents Incorporated by Reference 

1-10 December 2011 
 Public Draft 

The purpose of the Criteria for Demonstrating Urban Level of Flood 
Protection (DWR, 2012) is to provide criteria and a systematic approach 
that assists cities and counties in making findings about whether an urban 
level of flood protection is required and exists or will exist for prospective 
development of properties, projects, or subdivisions under their authority. 

Draft criteria are provided for the following: 

 To determine if the type of land use decision is affected by the urban 
level of flood protection requirements. 

 To determine if a property, project, or subdivision is subject to the 
urban level of flood protection requirements based on its location 
within the Sacramento-San Joaquin Valley. 

 To develop substantial evidence to support a finding or, if a previous 
finding exists, to determine its continued validity. 

Using these criteria, a city or county may then make a finding and approve 
the land use decision. 

The criteria are designed to be evaluated in a conditional sequence, as 
illustrated in Figure 1-1.  The conclusion reached when evaluating one 
criterion affects, which, if any, subsequent criteria should be considered. 

While cities and counties located outside the Sacramento-San Joaquin 
Valley are not required to make findings related to an urban level of flood 
protection, these criteria can help inform engineering and local land use 
decisions for areas at risk of flooding.  The Criteria for Demonstrating 
Urban Level of Flood Protection contains procedural criteria for peer 
review by an independent expert panel, exceptions to the criteria, periodic 
reviews, and for establishing substantial evidence in the record to support a 
finding. 
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1. "Flood hazard zone" means an area subject to flooding that is delineated as either a special hazard area or an area of moderate 
hazard on an official flood insurance rate map issued by the Federal Emergency Management Agency (California Government Code 
Section 65007(d)). 
Figure 1-1.  Flowchart for Making Findings Related to Demonstrating an Urban Level of 
Flood Protection 
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1.4 Summary: Urban Levee Design Criteria 

The Urban Levee Design Criteria (ULDC) (DWR, 2012) is intended to 
provide criteria and guidance for the design, evaluation, and O&M of 
levees and floodwalls that provide an urban level of flood protection in 
California.  Other topics beyond design and evaluation (e.g., O&M, 
inspection, monitoring, and remediation of poor performance) are 
presented in the ULDC to provide reasonable assurance that once a levee is 
found to provide an urban level of flood protection, it will continue to do 
so. 

The ULDC was developed through a collaborative process with 
stakeholders and subject matter experts.  The purpose of the ULDC is to 
provide interim analytical and procedural criteria to civil engineers, cities, 
and counties in the Sacramento-San Joaquin Valley to help them meet the 
requirements of California Government Code Sections 65865.5, 65962, and 
66474.5, which require those entities to make a finding that levees and 
floodwalls provide protection against a flood that has a 1-in-200 chance of 
occurring in any given year.   In addition, the ULDC is designed to provide 
guidance to engineers, cities, and counties throughout California.  The 
ULDC will serve as guidance until regulations are adopted in the California 
Code of Regulations (CCR) on this topic.  The ULDC is summarized 
below. 

1.4.1 Design Criteria Summary 
The ULDC provides design criteria for two types of levees: intermittently-
loaded and frequently-loaded.  A frequently-loaded levee is defined as a 
levee that experiences a water surface elevation of 1foot or higher above 
the elevation of the landside levee toe at least once a day for more than 36 
days per year, on average. 

Design criteria are summarized in Tables 1-2 and 1-3 for each type of 
levee.  In Table 1-2, Options 1 and 2 represent two options for calculating 
the design water surface elevation (DWSE): the Federal Emergency 
Management Agency (FEMA) approach, and the U.S. Army Corps of 
Engineers (Corps) approach.  Criteria in Table 1-3 are additions or 
exceptions to the criteria in Table 1-3 to include more stringent 
requirements for design of frequently-loaded levees. 
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Table 1-2.  Levee Design Criteria Summary for Intermittently-Loaded Levees 
Parameter Criteria 

DWSE (Option 1) Median 200-year WSE 

DWSE (Option 2) 90% assurance 200-year WSE 

MTOL (Option 1)  Median 200-year WSE + higher of (1) 3 feet, or (2) height for wind setup 
and wave runup 

MTOL (Option 2)  

Lower of A or B, where: 
• A is the higher of (1) 90% assurance 200-year WSE, (2) median 200-
year WSE plus 3feet, or (3) median 200-year WSE plus height for wind 
setup and wave runup 
• B is the higher of (1) 95% assurance 200-year WSE, (2) median 200-
year WSE plus 2feet, or (3) median 200-year WSE plus height for wind 
setup and wave runup 

HTOL (Option 1)  Lower of (1) median 200-year WSE plus 3feet, or (2) median 500-year 
WSE 

HTOL (Option 2)  Lower of (1) median 200-year WSE plus 3feet, (2) median 500-year 
WSE, or (3) MTOL (Option 2) – but no lower than the DWSE. 

Seepage – Exit Gradient at Levee 
Toe 

For DWSE For HTOL 

γ ≥ 112 pcf γ < 112 pcf γ ≥ 112 pcf γ < 112 pcf 

i ≤ 0.5 FS ≥ 1.6 i ≤ 0.6 FS ≥ 1.3 

Seepage – Exit Gradient at 
Seepage Berm Toe i ≤ 0.8 FS ≥ 1.0 

<20% FS 
degradation 

for berms less 
than 100 feet 

<10% FS 
degradation for 
berms less than 

100 feet 

Steady State Slope Stability FS ≥ 1.4 FS ≥ 1.2 

Seismic Vulnerability Restore grade and dimensions for at least 10-year WSE plus 3feet of 
freeboard or higher for wind setup and wave runup within 8 weeks 

Levee Geometry 
For new or extensive reconstruction on a major stream, minimum 20-
foot-wide crown, 3h:1v waterside and landside slopes for all levees 
except bypass levees (4h:1v waterside slope) 

Note:  The median 200-year WSE, the 90 percent assurance 200-year WSE, and the 95 percent assurance 200-year WSE 
in this table are assumed to have been increased appropriately to account for the potential of new, updated hydrology to 
yield higher flows. 
Key: 
DWSE = design water surface elevation 
FS = factor of safety 
HTOL = hydraulic top of levee 
i = exit gradient 
MTOL =minimum top of levee 
Option 1 = FEMA Approach 
Option 2 = Corps Approach 
pcf = pounds per cubic foot 
WSE = water surface elevation 
γ = unit weight of soil 
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Table 1-3.  Levee Design Criteria Summary for Frequently-Loaded 
Levees 

Parameter 
Criteria 

For DWSE For HTOL 

Steady State Slope Stability FS ≥ 1.5 FS ≥ 1.3 

Minimum Allowable Rapid 
Drawdown Slope Stability FS ≥ 1.2 

Frequent, Large Tidal Fluctuations 
Rapid Drawdown Slope Stability FS ≥ 1.4* 

Seismic Vulnerability No significant deformation, usually limited to 3feet 
maximum with 1foot of vertical settlement. 

Notes: 
These criteria are additions or exceptions to the criteria presented for intermittently-loaded levees. 
*Applies for the range of tidal fluctuation, not the DWSE 
Key: 
DWSE = design water surface elevation 
FS = factor of safety 
HTOL = hydraulic top of levee 

1.4.2 Operations, Maintenance, Inspection, Monitoring, 
and Remediation of Poor Performance 

At a minimum, the following O&M – related requirements apply to provide 
reasonable assurance that once a levee is found to provide an urban level of 
flood protection, it will continue to do so: 

 The levee system must have an O&M manual consistent with USACE 
requirements (except as may be appropriate to add to those 
requirements to meet the purpose of the ULDC). 

 All facilities necessary for providing an urban level of flood protection 
must be operated and maintained by an identified public agency with 
the authority and resources to do so.  Where the levee system has more 
than one agency with O&M responsibilities, they will need to 
coordinate the responsibilities. 

 Corps standard inspection requirements for project levees are 
applicable for all levees and floodwalls considered to provide an urban 
level of flood protection, including that a public agency (or agencies) 
routinely operates and maintains the levee system and inspects the 
entire levee system at least every 90 days and after every high water 
event.  Damage and maintenance inadequacies identified from these 
inspections should be prioritized and repaired in a timely manner. 

 With regard to waiting for the periodic review process to take action, it 
is almost never practical or possible to completely know all of the 
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engineering properties of levees and their foundations.  Consequently, 
there will almost always be some degree of uncertainty that justifies 
both robust regular inspections and flood stage monitoring programs for 
levees and floodwalls protecting urban and urbanizing areas, with all of 
the attendant appurtenances and features. 

 The levee system must have an emergency safety plan. 

 The levee system must have a levee security plan. 

Other requirements, such as for a post-earthquake remediation plan or a 
levee relief cut plan, may also apply, depending on the situation. 

1.4.3 Procedural Criteria Summary 
The ULDC will rely upon procedures contained in the Criteria for 
Demonstrating Urban Level of Flood Protection for making and 
maintaining a finding that a levee or floodwall provides an urban level of 
flood protection. 
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2.0 Abbreviations and Acronyms 
Board ......................... Central Valley Flood Protection Board 

CCR ........................... California Code of Regulations 

CVFMP ...................... Central Valley Flood Management Planning 

CVFPP ...................... Central Valley Flood Protection Plan 

Delta .......................... Sacramento-San Joaquin Delta 

DWR .......................... California Department of Water Resources 

DWSE ........................ Design Water Surface Elevation 

FCSSR ...................... Flood Control System Status Report 

FEMA ........................ Federal Emergency Management Agency 

FloodSAFE ................ FloodSAFE California 

FS .............................. factor of safety 

HTOL ......................... hydraulic top of levee 

MOU .......................... Memorandums of Agreement 

MTOL ........................ minimum top of levee 

NULE ......................... Non-Urban Levee Evaluations 

O&M .......................... operations and maintenance 

pcf .............................. pounds per cubic foot 

State .......................... State-of-California 

SPFC ......................... State Plan of Flood Control 

SSJDD ....................... Sacramento-San Joaquin Drainage District 

USACE ...................... U.S. Army Corps of Engineers 

ULDC ......................... Urban Levee Design Criteria 

ULE ........................... Urban Levee Evaluations 

WSE .......................... water surface elevation 
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Cover Photo: Sacramento Weir (December 24, 1964), DWR Photo Lab

The Sacramento Weir and Bypass discharges excess flows from the

Sacramento River (on the left) into the Yolo Bypass (not shown).  

The 1964-65 water year was marked by one of the most disastrous floods in California’s history.
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Glossary 
100-year flood 
event 

The flood having a 1-in-100 (1 percent) chance of being equaled or exceeded 
in any given year. A structure located within a special flood hazard area 
shown on a National Flood Insurance Program map has a 26% chance of 
suffering flood damage during the term of a 30 year mortgage. 

Federal Emergency Management Agency, 
http://www.fema.gov/, accessed June 2009

200-year 
floodplain 

An area that has a 1-in-200 (0.5 percent) chance of flooding in any given 
year, based on hydrological modeling and other engineering criteria accepted 
by the Department of Water Resources. 

California Government Code Section 65300.2(a)

200-year flood 
event 

A flood having a 1-in-200 (0.5 percent) chance of being equaled or exceeded 
in any given year. 

500-year 
floodplain 

An area that has a 1-in-500 (0.2 percent) chance of flooding in any given 
year, based on hydrological modeling and other engineering criteria accepted 
by the California Department of Water Resources. 

500-year flood 
event 

A flood having a 1-in-500 (0.2 percent) chance of being equaled or exceeded 
in any given year. 

agricultural 
stewardship 

A public and private commitment to manage and preserve the resources and 
the conditions necessary for a robust and sustainable agricultural industry in 
California. 

adaptive 
management 

A scientific approach to resource management that rigorously combines 
management, monitoring and research to effectively manage complex 
ecosystems in the face of uncertainty. Adaptive management tackles 
uncertainty about the system head-on by identifying clear objectives, 
developing conceptual models of the system, identifying areas of uncertainty 
and alternative hypotheses, testing critical assumptions, monitoring to 
provide feedback about the system and actions, learning from the system as 
actions are taken to manage it, and incorporating what is learned into future 
actions. 

U.S. Geological Survey
Designing Monitoring Programs in an Adaptive Management Context for Regional 

Multiple Species Conservation Plans

  



2012 Central Valley Flood Protection Plan 
Attachment 4: Glossary 

2 December 2011 
 Public Draft 

anadromous 
fish 

Fish that spend a part of their life cycle in the sea and return to freshwater to 
spawn. 

annual pass 
rate  

The percentage (on an annual basis) of levees that pass inspections 
according to Federal and State levee standards (e.g., maintenance, 
encroachment). 

beneficiary Partners, interested parties, and the general public who receive benefit from 
a flood management project. 

Central Valley 
Flood Protection 
Board 

The Central Valley Flood Protection Board (formerly The Reclamation Board) 
was created by the California Legislature in 1911 to carry out a 
comprehensive flood control plan for the Sacramento and San Joaquin rivers. 
The Board has jurisdiction throughout the Sacramento-San Joaquin Valley, 
which is synonymous with the drainage basins of the Central Valley and 
includes the Sacramento-San Joaquin Drainage District. 

Central Valley 
Flood 
Management 
Planning 
(CVFMP) 
Program  

The CVFMP Program falls under FloodSAFE California, a multiyear initiative 
led and managed by the California Department of Water Resources. Primary 
products of the CVFMP Program are the State Plan of Flood Control 
Descriptive Document, the Flood Control System Status Report, and the 
Central Valley Flood Protection Plan. 

Central Valley 
Flood Protection 
Plan (CVFPP) 

The CVFPP is a State plan that will describe the challenges, opportunities, 
and vision for improving integrated flood management in the Central Valley.   
The CVFPP will document current and future risks associated with flooding 
and recommend improvements to the State-federal flood protection system to 
reduce the occurrence of major flooding and the consequences of flood 
damage that could result.  The plan will be submitted to the Central Valley 
Flood Protection Board by January 1, 2012, for adoption by the following 
July, and will be updated every 5 years. 

Central Valley 
Floodplain 
Evaluation and 
Delineation 
(CVFED) 
Program 

The CVFED Program falls under FloodSAFE California, a multiyear initiative 
led and managed by the California Department of Water Resources. The 
purpose of the CVFED Program is to provide standards, methodologies, and 
tools needed for floodplain assessments for FloodSAFE programs, consistent 
with U.S. Army Corps of Engineers and Federal Emergency Management 
Agency assessment needs. Primary products of the CVFED Program are the 
topography, hydraulic models, and multiple floodplain delineations associated 
with the State Plan of Flood Control. 

conveyance 
capacity 

The maximum rate of flowing water, usually expressed in cubic feet per 
second (cfs), that a river, canal, or bypass can carry without exceeding a 
threshold value such as flood discharge, or without using the freeboard 
distance from the top of a levee. 
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CVFMP Forum Valley-wide or regional conference-style public meetings with presentations, 
workshops, panel discussions, and information booths. These forums are the 
primary venue for engaging a wide array of interests in discussing draft plan 
content and gauging agreement, and fostering information-sharing about 
regional and systemwide flood management challenges and potential 
solutions. Related FloodSAFE projects and programs will also use CVFMP 
Forums to engage interested parties efficiently. 

CVFPP work 
group 

Place-based (e.g., regional) and subject-based (e.g., topic) work groups 
chartered to develop content and content recommendations for the CVFPP. 
Work groups are integral to developing a broadly supported CVFPP that 
reflects the State, federal, tribal, local, and regional perspectives and subject-
matter expertise. 

design 
discharge (flow) 

The rate of flowing water, usually measured in cubic feet per second (cfs), 
associated with the water surface profile or water level for which a flood 
management project was designed. 

design flood Means the selected flood against which protection is provided, or eventually 
will be provided, by means of flood protective or control works. When a 
federal survey has been authorized the design flood will be determined by 
the appropriate federal agency and in all other cases it will be determined by 
the responsible local agency. It is the basis for design and operation of a 
particular project after full consideration of flood characteristics, frequencies, 
and potentials and economic and other practical considerations. 

California Water Code Section 8402(e)

design standard Minimum acceptable requirements for designed construction of flood 
management facilities (e.g., levees, control structures) when a facility was 
constructed. Design standards can change over time because of the 
improved understanding of risk factors; additions and changes in regulations 
and law; and social values and benefit considerations.  In some cases, 
design standards today are different than when many of the SPFC facilities 
were constructed. 

designated 
floodway 

Means the channel of a stream and that portion of the adjoining flood plain 
required to reasonably provide for the construction of a project for passage of 
the design flood including the lands necessary for construction of project 
levees. 

California Water Code Section 8402(f)
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developed area An area of a community that is: 
A. A primarily urbanized, built-up area that is a minimum of 20 contiguous 

acres, has basic urban infrastructure, including roads, utilities, 
communications, and public facilities, to sustain industrial, residential, 
and commercial activities, and  

1. Within which 75 percent or more of the parcels, tracts, or lots 
contain commercial, industrial, or residential structures or uses; 
or 

2. Is a single parcel, tract, or lot in which 75 percent of the area 
contains existing commercial or industrial structures or uses; or 

3. Is a subdivision developed at a density of at least two 
residential structures per acre within which 75 percent or more 
of the lots contain existing residential structures at the time the 
designation is adopted. 

B. Undeveloped parcels, tracts, or lots, the combination of which is less 
than 20 acres and contiguous on at least 3 sides to areas meeting the 
criteria of paragraph (A) at the time the designation is adopted. 

C. A subdivision that is a minimum of 20 contiguous acres that has 
obtained all necessary government approvals, provided that the actual 
“start of construction” of structures has occurred on at least 10 percent 
of the lots or remaining lots of a subdivision or 10 percent of the 
maximum building coverage or remaining building coverage allowed 
for a single lot subdivision at the time the designation is adopted and 
construction of structures is underway. Residential subdivisions must 
meet the density criteria in paragraph (A)(3). (Section 59.1 of Title 44 
of the Code of Federal regulations) 

California Government Code Section 65007 (c)

ecosystem An ecosystem consists of all the organisms in a given area interacting with the 
physical environment. The biotic and physical components in an ecosystem 
are interdependent, frequently with complex feedback loops. The physical 
components that sustain the biota of an ecosystem include, but may not be 
limited to, the soil or substrate, topographic relief and aspect, atmosphere, 
weather and climate, hydrology, geomorphic processes, nutrient regime, and 
salinity regime. 

ecosystem 
rehabilitation 

A process where an ecosystem that has been degraded or disturbed is 
changed to an improved state that is not necessarily the pre-action "natural" 
state but is defined by providing the basic physical and ecological processes 
that support a functioning ecosystem. 

ecosystem 
restoration 

A  process where an ecosystem, that has been degraded or disturbed is 
restored to mimic, as closely as possible through the restoration of critical 
natural processes, conditions which would naturally occur in an area. 
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ecosystem 
services 

Ecosystem services emanate from a functioning ecosystem and are the 
beneficial outcomes for the natural environment or for people that result from 
ecosystem functions. Some examples of ecosystem services are support of 
the food chain, harvesting of animals or plants, clean water, or scenic views. 
In order for an ecosystem to provide services to humans, some interaction 
with, or at least some appreciation by, humans is required. 

California Department of Fish and Game, California Wildlife Action Plan, 2004

encroachment Any obstruction or physical intrusion by construction of works or devices, 
planting or removal of vegetation, or by whatever means for any purpose, into 
any of the following: (1) any flood control project works; (2) the waterway area 
of the project; (3) the area covered by an adopted plan of flood control; or (4) 
any area outside the above limits, if the encroachment could affect any of the 
above.” 

California Code of Regulations Title 23: Section 12899(b)

environmental 
conservation 

The maintenance, enhancement, and restoration of populations, communities, 
and ecosystem functions to sustain the services, benefits, and values of 
public trust resources. 

environmental 
stewardship 

A concept and commitment of responsibility to manage and protect natural 
resources (water, air, land, plants and animals) and ecosystems in a 
sustainable manner that ensures they are available for future generations 

California Department of Water Resources, Environmental Stewardship Policy
Effective October 2010

essential public 
facilities 

Essential public facilities include, but not limited to, hospitals and health care 
facilities, emergency shelters, fire stations, emergency command centers, and 
emergency communications facilities. 

California Government Code Section 65302

feasible Capable of being accomplished in a successful manner within a reasonable 
period of time, taking into account economic, environmental, legal, social, and 
technological factors. 

California Water Code Section 8307
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flood Per the Federal Emergency Management Agency, a flood is defined as: 
A general and temporary condition of partial or complete inundation of two or 
more acres of normally dry land area or of two or more properties (at least 
one of which is the policyholder's property) from: 

 Overflow of inland or tidal waters; or 
 Unusual and rapid accumulation or runoff of surface waters from any 

source; or 
 Mudflow; or 
 Collapse or subsidence of land along the shore of a lake or similar 

body of water as a result of erosion or undermining caused by waves 
or currents of water exceeding anticipated cyclical levels that result in 
a flood as defined above.  

http://www.fema.gov/business/nfip/19def2.shtm 

flood basin A bowl-shaped, natural landform that historically or presently receives and 
retains floodwaters, or an engineered floodwater detention basin, excavated 
below grade or surrounded by levees. 

flood bypass An engineered wide and shallow channel or confined floodplain, usually 
flanked by levees, that receives floodwaters to reduce the amount of flow in a 
river or stream. 

flood corridor A passageway for floodflows, including, but not limited to, bypass systems, 
channels, levee systems, floodplain easements, culverts, floodwalls, or a 
combination thereof. 

Flood Control 
System Status 
Report 
(FCSSR) 

A report that will provide an assessment of the physical condition of  facilities 
included in the State Plan of Flood Control and make recommendations 
regarding future California Departments of Water Resources work activities 
to address adverse conditions. This report will be revised periodically, as 
requested by the Central Valley Flood Protection Board. 

flood damages All damages caused by a flood including loss of life, physical damage, and 
economic damage. 

California Department of Water Resources, Draft FloodSAFE Strategic Plan, June 
2008

flood hazard 
zone 

An area subject to flooding that is delineated as either a special hazard area 
or an area of moderate hazard on an official flood insurance rate map issued 
by the Federal Emergency Management Agency. The identification of flood 
hazard zones does not imply that areas outside the flood hazard zones, or 
uses permitted within flood hazard zones, will be free from flooding or flood 
damage. 

California Government Code Section 65007(d)
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flood 
management 

The use of comprehensive methods to manage floodflows, providing multiple 
benefits in addition to protecting people and property. 

DWR, Draft FloodSAFE Strategic Plan, June 2008

flood 
management 
system 

Refers to the structural elements employed to convey floodflows within the 
CVFPP planning area, including facilities of the State Plan of Flood Control, 
flood control reservoirs, and nonproject levees. 

flood-prone 
areas 

Areas subject to flooding. 

flood protection Methods or structural measures used to mitigate flooding or reduce flooding 
hazards and risks. 

Delta Protection Commission, Management Plan Update Compiled Draft 
Management Plan Glossary November 2009

flood risk The probability of flooding combined with negative outcomes that could result 
when flooding occurs. 

floodplain An area adjacent to a stream or river that experiences occasional or periodic 
flooding. 

California Department of Water Resources, Draft FloodSAFE Strategic Plan, June 
2008

floodplain 
management 

A decision-making process whose goal is to achieve appropriate use of the 
nation’s floodplains. Appropriate use is any activity or set of activities that is 
compatible with the risk to natural resources and human resources. The 
operation of an overall program of corrective and preventive measures for 
reducing flood damage, including but not limited to watershed management, 
emergency preparedness plans, flood control works, and floodplain 
management regulations. 

A Blueprint for Change, Sharing the Challenge: Floodplain Management
Into the 21st Century, Report of the Interagency Floodplain Management Review 

Committee to the Administration Floodplain Management Task Force, Washington, 
D.C., June 1994

floodway, State-
designated 

The channel of a stream and that portion of the adjoining floodplain required 
to reasonably provide for construction of a project for passage of the design 
flood, including the lands necessary for construction of project levee that are 
regulated by the Central Valley Flood Protection Board. 
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freeboard A factor of safety usually expressed in feet above a flood level for purposes 
of floodplain management. "Freeboard" tends to compensate for the many 
unknown factors that could contribute to flood heights greater than the height 
calculated for a selected size flood and floodway conditions, such as wave 
action, bridge openings, and the hydrological effect of urbanization of the 
watershed. 

http://www.fema.gov/plan/prevent/floodplain/nfipkeywords/freeboard.shtm

geomorphology, 
fluvial 

Geomorphology is the study of the characteristics, origins, and development 
of landforms. Fluvial geomorphology is the study of landforms and channel 
types created by flowing water and the transport of rocks and sediment by 
water flow. 

goals In the planning process for the CVFPP, goals describe “what” the CVFPP will 
accomplish.  Goals are the broad and enduring values, and direction or 
desired conditions we want to achieve, without prescribing or suggesting 
specific actions to achieve them. 

Central Valley Flood Protection Plan Interim Progress Summary No. 1
April 2010 

headcut erosion A headcut is the sudden change in elevation or knickpoint at the leading 
edge of a gully. 

U.S. Department of Agriculture,  Agricultural Research Service

improvement/ 
improvement 
project 

An act/action may be performed by the U.S. Army Corps of Engineers to 
State Plan of Flood Control facilities (federal only) in partnership with the 
Board to increase the authorized project performance beyond what has been 
authorized for the existing project. Improvement projects are cost shared in 
accordance with their authorization (e.g., American River Common Features 
Project). 

U.S. Army Corps of Engineers

integrated flood 
management 

An approach to dealing with flood risk that recognizes the interconnection of 
flood management actions within broader water resources management and 
land use planning; the value of coordinating across geographic and agency 
boundaries; the need to evaluate opportunities and potential impacts from a 
system perspective; and the importance of environmental stewardship and 
sustainability. 

California Department of Water Resources, Draft FloodSAFE Strategic Plan, June 
2008

interest-based 
group 

A collection of individuals and/or organizations with common interests in the 
activities and actions anticipated by the CVFPP. 

local jurisdiction Means a city, city and county, or county. 

legacy 
community 

A rural community registered as a historic district by either a state or federal 
entity. 
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Levee Flood 
Protection Zone 

An area that is protected, as determined by the Central Valley Flood 
Protection Board or the Department of Water Resources, by a levee that is 
part of the facilities of the State Plan of Flood Control, as defined under 
Section 5096.805 of the Public Resources Code. 

California Government Code Section 65300.2(b)

maintaining 
agency 

Maintaining agency means any city, county, district or other political 
subdivision of the State that is authorized to maintain levees.  The California 
Department of Water Resources maintains levees pursuant to California 
Water Code Sections 8361 and 12878, but is not considered a maintaining 
agency. 

maintenance An act/action taken other than during high water that is necessary to insure 
the serviceability of SPFC facilities in times of floods. Maintenance of 
facilities is a non-federal responsibility. The facilities of the SPFC are 
maintained by either DWR or MAs, as described by laws and other various 
legally binding documents. The costs of maintenance are funded by the 
maintainers. (Example: vegetation removal). 

U.S. Army Corps of Engineers

moderate flood 
hazard area 

Flood hazard area, as identified on the Flood Insurance Rate Map (FIRM), 
labeled Zone B or Zone X (shaded), are the areas between the limits of the 
base flood and the 0.2% annual chance or a 500-year flood. 

Federal Emergency Management Agency, 
http://www.fema.gov/, accessed June 2009

modification/ 
alteration 

An act/action that may be undertaken to change a facility to perform a new 
purpose(s), increase the authorized purpose(s) beyond that intended at the 
time of construction, increase the authorized project performance,  or extend 
services to new beneficiaries. Modification/alteration by the maintainers of 
SPFC may proceed upon the Board issuance of an encroachment permit. 
(Example TRLIA) The Board, prior to issuing any permits, must secure a 
USACE permit under 33 U.S. C. 408. Congressionally authorized project 
modifications are performed by USACE in partnership with the Board or 
others. (Example: Yolo Basin Wetlands Project). 

U.S. Army Corps of Engineers

natural 
floodplain 
processes 

Processes in a floodplain existing in or produced by nature (rather than by 
the intent of human beings) (e.g., periodic flooding and accompanying 
deposition of sediment in a floodplain). 

natural 
processes 

Processes existing in or produced by nature (rather than by the intent of 
human beings) (e.g., dynamic hydrologic, geomorphic, and biological 
processes). 
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neotropical 
migratory bird 

Migratory birds from the neotropic ecozone that includes the Mexican 
lowlands, Central and South America, Caribbean islands, and southern 
Florida. 

nonproject 
levee 

Any levee that is not part of the State Plan of Flood Control (CWC 9602(c)) or 
other State-federal or local-federal flood protection facilities. Nonproject 
levees are typically privately owned or under the authority of a local levee 
district.1 

non-SPFC 
levee 

Any levee that is not part of the State Plan of Flood Control (CWC 9602(c)). 
This includes State-federal levees outside the Sacramento and San Joaquin 
river watersheds and levees within the Sacramento and San Joaquin river 
watersheds that do not have documented State assurances of nonfederal 
cooperation to the federal government or State responsibility identified in 
CWC Section 8361. 

nonstructural 
improvement 

Projects that are intended to reduce or eliminate susceptibility to flooding by 
preserving or increasing the flood-carrying capacity of floodways, and include 
such measures as levees, setback levees, floodproofing structures, and 
zoning, designating or acquiring flood prone areas. 

California Water Code Section 79068(a)

nonurbanized 
area 

A developed area or an area outside a developed area in which there are 
fewer than 10,000 residents. 

California Government Code 65007(e)

objective Collectively, objectives are intended to define the overall accomplishments of 
the 2012 CVFPP.  The objectives are not specific actions to achieve the 
goals, but rather quantitative overall measures of success of the plan. 

CVFPP Interim Progress Summary No. 1
April 2010 

objective flow Pertains to flows in specific reaches of a river based on local conditions, and 
are established through coordination with local entities. An objective flow is 
intended to reflect non-damaging conditions. These conditions may include 
levee stability and seepage, riparian growth, and adjacent land uses. 

Post-Flood Assessment 
Sacramento and San Joaquin River Basins Comprehensive Study

May 2004, U.S. Army Corps of Engineers
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objective 
release 

The maximum allowable, non-flood damaging outflow from a dam as 
specified in the facility’s Water Control Plan. Operators manage releases to 
maintain flood management space at the same time considering downstream 
conditions. These considerations may include levee seepage, erosion, and/or 
strength, and channel capacity. Additionally, the operators consider the 
impact of flow fluctuations on fish spawning habitat. 

Post-Flood Assessment 
Sacramento and San Joaquin River Basins Comprehensive Study

U.S. Army Corps of Engineers, May 2004

operation An act/action taken during high water that is necessary to maintain 
functionality of State Plan of Flood Control facilities.  Operation of facilities is 
a nonfederal responsibility. The facilities of the State Plan of Flood Control 
are operated by either the California Department of Water Resources or 
MAs, as described by laws and various legally binding documents. The costs 
of operation are funded by the operators (Example: Sandbagging). 

U.S. Army Corps of Engineers

operations and 
maintenance 

Refers to the effort that must be expended to keep project facilities in good 
working condition so they continue to operate as designed - wear and tear on 
facilities that are not adequately maintained can reduce their capacity or 
make them more vulnerable to failure - and the management of adjustable 
features to achieve the desired conditions (e.g., flow rate, stage, reservoir 
storage). 

penetration A man-made object that crosses through or under a levee or floodwall and 
has the potential to be a preferential seepage path or hydraulic connection 
with the waterside. Typically, a penetration is a pipe or transportation 
structure, such as a roadway or rail line. 

project levee Any levee that is a facility of the State Plan of Flood Control.1 
California Water Code 9602 (c)

partner Individuals, organizations, and/or agencies with direct responsibilities for 
activities and actions anticipated by the CVFPP. 

planning 
principle 

While goals provide direction on “what” the CVFPP will accomplish, planning 
principles provide guidance on “how” the CVFPP will be developed and 
implemented, consistent with the FloodSAFE guiding principles. 

Central Valley Flood Protection Plan Interim Progress Summary No. 1 April 
2010 

  

                                                           
1 Disclaimer: It is important for the reader to understand that a broader definition is often used to describe a project levee as any levee 
that has been implemented as part of a Federal project. For use with respect to the CVFPP, “project levee” is as defined in the Water 
Code. 
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public agency Any city, city and county, county, or district organized, existing, and acting 
pursuant to the laws of this state. 

California Water Code Section 8402(d) 

public safety Involves the prevention of and protection from events that could endanger 
the safety of the general public from significant danger, injury/harm, or 
damage, such as natural and man-made disasters. 

public safety 
infrastructure 

Means public safety infrastructure necessary to respond to a flood 
emergency, including, but not limited to, street and highway evacuation 
routes, medical care facilities, and public utilities necessary for public health 
and safety, including drinking water and wastewater treatment facilities. 

California Water Code Section 12646 (d)

reconstruction/ 
reconstruction 
project 

An act/action may be performed by the USACE to SPFC facilities(federal 
only)  in partnership with the Board to address impediments that prevent a 
project from performing as authorized if the impediments are not the result of 
inadequate maintenance. The causes of impediments are either design 
and/or construction deficiencies or long-term degradation of facilities that 
have exceeded their expected service lives.  (Example: Sacramento Area 
Levee Reconstruction Project) 

U.S. Army Corps of Engineers

rehabilitation To restore a facility or system (either natural or man-made) to its former 
condition. 

rehabilitation 
(PL84-99) 

An act/action undertaken by USACE to SPFC facilities to restore flood 
damaged flood control works to their pre-disaster condition at 100% federal 
costs, except for lands, easements, right of way, and relocations. (Example: 
Linda levee break restoration) Rehabilitation of non-federal facilities is 
restored at 80% of federal costs. (Example Delta Levee restoration) 

U.S. Army Corps of Engineers

repair A corrective act/action that is necessary to perform on damaged SPFC 
facilities to restore them to operable condition. Repair of facilities is the non-
federal responsibility. The facilities of the SPFC are repaired by either DWR 
or LMAs, as described by laws and various legally binding documents. The 
costs of repairs are funded by the maintainers of the facility. (Example: 
reshaping levee crown to eliminate ruts.) 

U.S. Army Corps of Engineers
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residual risk Residual risk is the portion of flood risk that remains after a flood control 
structure or works has been built. Risk remains because the likelihood that 
the completed works’ design could be surpassed by a intensity of a flood 
event, resulting in structural failure. 

Adapted from:
Flood Risk Management: Federal Role in Infrastructure

Congressional Research Service, The Library of Congress
October. 26, 2005

restrictive zone Means the portion of the natural floodway between the limits of the 
designated floodway and the limits of the flood plain where inundation may 
occur but where depths and velocities are generally low. 

California Water Code Section 8402(g)

restore/ 
restoration 

The implementation of an action(s) to reestablish, or put back something that 
once existed but is no longer there, to its original condition. 

ring levees Levees that completely encircle or “ring” an area subject to inundation from 
all directions. 

U.S. Army Corps of Engineers
Design and Construction of Levees, EM 1110-2-1913

riparian area Riparian areas are transitional between terrestrial and aquatic ecosystems 
and are distinguished by gradients in biophysical conditions, ecological 
processes, and biota.  They are areas through which surface and subsurface 
hydrology connect water bodies with their adjacent uplands.  Riparian areas 
include portions of terrestrial ecosystems that significantly influence 
exchanges of energy and matter with aquatic ecosystems (i.e., a zone of 
influence).  Riparian areas are adjacent to perennial, intermittent, and 
ephemeral streams, lakes, and estuarine-marine shorelines. 

river basin The entire geographical area drained by a river and its tributaries; an area 
characterized by all runoff being conveyed to the same outlet. 

www.thefreedictionary.com 

rural community A city, town, or settlement outside of urban and urbanizing areas with an 
expected population of less than 10,000 within the next 10 years. 
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Sacramento-
San Joaquin 
Drainage 
(SSJD) District 

Comprises more than 1.9 million acres in the Central Valley generally along 
and adjacent to the Sacramento and San Joaquin rivers. SSJD District was 
created in 1913 by the California Legislature to allow survey work and the 
collection of data of the San Joaquin and Sacramento rivers and tributaries to 
prepare a report to the Central Valley Flood Protection Board to further the 
Board’s plans for controlling the floodwaters of the rivers, improve and 
preserve navigation, and the reclamation and protection of the lands that are 
susceptible to overflow from those rivers and their tributaries. The District’s 
management and control is vested in the Central Valley Flood Protection 
Board, and according to the Statute, the District can “acquire, own, hold, use, 
and enjoy any and all properties necessary for the purposes of the District.” 

Central Valley Flood Protection Board, http://www.cvfpb.ca.gov/, accessed June 
2009

Sacramento-
San Joaquin 
River Flood 
Management 
System 

The Sacramento-San Joaquin River Flood Management System comprises 
all of the following: (a) The facilities of the State Plan of Flood Control as that 
plan may be amended by the Central Valley Flood Protection Board; (b) Any 
existing dam, levee, or other flood management facility that is not part of the 
State Plan of Flood Control if the board determines, upon recommendation of 
the department, that the facility does one or more of the following: (1) 
Provides significant systemwide benefits for managing flood risks within the 
Sacramento-San Joaquin Valley. (2) Includes project levees that protect a 
contiguous urban area of 10,000 or more residents within the Sacramento-
San Joaquin Valley. 

California Water Code Sections 9602 and 9611

Sacramento-
San Joaquin 
Valley 

Lands in the bed or along or near the banks of the Sacramento River or San 
Joaquin River, or their tributaries or connected therewith, or upon any land 
adjacent thereto, or within the overflow basins thereof, or upon land 
susceptible to overflow there from. The Sacramento-San Joaquin Valley does 
not include lands lying within the Tulare Lake basin, including the Kings 
River. 

California Government Code Section 65007(g)
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Safe Harbor 
Agreement 

An agreement between a landowner and a regulatory agency that provides 
that if the landowner voluntarily enhances and maintains habitat for listed 
species on their property, the regulatory agency will not impose additional 
restrictions. The Safe Harbor Agreement provides assurances that the 
regulatory agency will not impose additional restrictions because of their 
voluntary conservation actions. The regulatory agency authorizes incidental-
take coverage for routine and ongoing activities on the property. This assures 
the landowner that they will be able to continue their routine and ongoing 
activities, despite the presence of listed species. In addition, the regulatory 
agency authorizes the landowner to return the property to pre-agreement 
conditions (baseline conditions). In other words, a landowner can create 
habitat for a listed species, and then remove the created habitat at the end of 
the Agreement if they choose to do so. Safe Harbor Agreements cannot 
authorize incidental take for a landowner to go below baseline conditions. 

Adapted from:
U.S. Fish and Wildlife Service, Sacramento Office

http://www.fws.gov/sacramento/partnerships/safe_harbor.htm

small 
community 

Developed area with a population of less than 10,000. 

shaded riverine 
aquatic cover 

A nearshore aquatic area occurring at the interface between a river (or 
stream) and adjacent woody riparian habitat. 

Special Flood 
Hazard Area 

Flood hazard area identified on the Flood Insurance Rate Map (FIRM) 
defined as the area that will be inundated by the flood event having a 1% 
chance of being equaled or exceeded in any given year. The 1% annual 
chance flood is also referred to as the base flood or 100-year flood. SFHAs 
are labeled as Zone A, Zone AO, Zone AH, Zones A1-A30, Zone AE, Zone 
A99, Zone AR, Zone AR/AE, Zone 
AR/AO, Zone AR/A1-A30, Zone AR/A, Zone V, Zone VE, and Zones V1-V30. 

Federal Emergency Management Agency
http://www.fema.gov/, accessed June 2009

State Plan of 
Flood Control 

Means the state and federal flood control works, lands, programs, plans, 
policies, conditions, and mode of maintenance and operations of the 
Sacramento River Flood Control Project Described in Section 8350 of the 
California Water Code (CWC), and of flood control projects in the 
Sacramento River and San Joaquin River watersheds authorized pursuant to 
Article 2 (commencing with Section 12648) of Chapter 2 of Part 6 of Division 
6 for which the Board or the Department has provided the assurances of 
nonfederal cooperation to the United States, and those facilities identified in 
CWC Section 8361. 

California Water Code Section 9110 (f)
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State Plan of 
Flood Control 
Descriptive 
Document 

The State Plan of Flood Control Descriptive Document is an inventory and 
description of the flood control projects and works (facilities), lands, 
programs, plans, conditions, and modes of operations and maintenance for 
the State-federal flood protection system in the Sacramento River and San 
Joaquin River watersheds and facilities identified in WC Section 8361. The 
document fulfills part of the legislative requirement expressed in CWC 
Section 9120 (a) and (b). 

State Plan of 
Flood Control 
Planning Area 

The State Plan of Flood Control (SPFC) Planning Area is the geographic 
area that includes the lands currently receiving flood damage reduction 
benefits from the SPFC.  The SPFC Planning Area is completely contained 
within the Systemwide Planning Area. 

structural 
improvements 

Are projects that are intended to modify flood patterns and rely primarily on 
constructed components and include such measures as levees, floodwalls, 
and improved channels. 

California Water Code Section 79068(b)

sustainability A project is “sustainable” when it is socially, environmentally, and financially 
feasible for an enduring period. 

system Refers to the Sacramento-San Joaquin River Flood Management System, as 
described in Section 9611 of the California Water Code. 

systemwide Referring to the scale of an entire system (e.g., the flood management 
system within Sacramento-San Joaquin River Flood Management System). 

Systemwide 
Planning Area 

The Systemwide Planning Area is the geographic area that encompasses 
lands receiving flood damage reduction benefits from the existing facilities 
and operation of the Sacramento-San Joaquin River Flood Management 
System. 

transitory 
storage 

The temporary and periodic storage of peak floodflows from adjacent rivers 
or waterways through the modification of certain floodplain areas acquired 
through easement or fee title. 

Tulare Lake 
Basin 

Refers to the Tulare Lake Hydrologic Region as defined in the California 
Water Plan Update 2009, prepared by the Department of Water Resources 
pursuant to Chapter 1 (commencing with Section 10004) of Part 1.5 of 
Division 6 of the Water Code. 

California Government Code Section 65007(i)
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upgrade of a 
project levee 

Installing a levee underseepage control system, increasing the height or bulk 
of a levee, installing a slurry wall or sheet pile into the levee, rebuilding a 
levee because of internal geotechnical flaws, or adding a stability berm. 
Notwithstanding the above definition, an upgrade of a project levee does not 
include any action undertaken on an emergency basis.  

California Water Code Section 9651(h)

urban area2 A developed area in which there are 10,000 residents or more. 
California Government Code Section 65007 (j)

urbanizing area A developed area or an area outside a developed area that is planned or 
anticipated to have 10,000 residents or more within the next 10 years. 

California Government Code Section 65007 (k)

urban levee 
design criteria 

Urban Levee Design Criteria (ULDC) means the levee and floodwall design 
criteria developed by the California Department of Water Resources for 
providing the urban level of flood protection. 

California Government Code Section 65007(k) and Water Code Section 9602(i) 

urban level of 
flood protection 

Level of protection that is necessary to withstand flooding that has a 1-in-200 
chance of occurring in any given year using criteria consistent with, or 
developed by, the Department of Water Resources.  

California Government Code Section 65007(l) and Water Code Section 9602(i)

watershed The land area from which water drains into a stream, river, or reservoir. 
California Water Plan Update 2009 Glossary 

 

  

                                                           
2 “Urban Area” is also defined in the California Public Resources Code Section 5096.805 (k) as “any contiguous area in which more 
than 10,000 residents are protected by project levees.” For use with respect to the Central Valley Flood Protection Plan, “project levee” 
is as defined in California Water Code Section 9602(c). 
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Cover Photo: Sacramento Weir (December 24, 1964), DWR Photo Lab

The Sacramento Weir and Bypass discharges excess flows from the

Sacramento River (on the left) into the Yolo Bypass (not shown).  

The 1964-65 water year was marked by one of the most disastrous floods in California’s history.
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1.0 Introduction 
This document catalogues and describes the approaches and 
accomplishments of communication and engagement activities to support 
and complement technical planning processes implemented through the 
Central Valley Flood Management Planning (CVFMP) Program.  The 
CVFMP Program is an element of the FloodSAFE California (FloodSAFE) 
initiative. While the document’s central focus is on the CVFMP Program’s 
activities to complete the draft 2012 Central Valley Flood Protection Plan 
(CVFPP) and its key related documents – the State Plan of Flood Control 
Descriptive Document (DWR, 2010a) and the Flood Control System Status 
Report (DWR, 2011a) – it further describes communication and 
engagement efforts provided to other related FloodSAFE programs and 
studies. 

This document includes a comprehensive list of all events, meetings, and 
other activities that supporting gaining the input and participation necessary 
to produce a plan that reflects the needs and desires of those affected by 
and responsible for managing flood risk in the Sacramento and San Joaquin 
valleys of California’s Central Valley. 

Finally, this document summarizes the engagement record and provides a 
potential framework for the California Department of Water Resources 
(DWR) to consider as it updates the CVFPP every 5 years. 

1.1 Legislative Direction 

As authorized by Senate Bill (SB) 5 of 2007, also known as the Central 
Valley Flood Protection Act of 2008, DWR has prepared a sustainable, 
integrated flood management plan called the CVFPP by January 1, 2012, 
for adoption by the Central Valley Flood Protection Board (Board). The 
2012 CVFPP provides a systemwide approach to protecting lands currently 
protected from flooding by the existing State Plan of Flood Control (SPFC) 
and will be updated every 5 years. 

In addition to the direction given above, SB 5 added sections to the 
California Water Code that further instructed DWR to engage with federal, 
local, and other public agencies to produce the 2012 CVFPP and achieve 
other related flood risk management goals. California Water Code Sections 
9615 and 9616 note, in part, the following: 
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For the purposes of preparing the plan, the department shall 
collaborate with the United States Army Corps of Engineers and the 
owners and operators of flood management facilities… The plan 
shall…increase the engagement of local agencies willing to 
participate in improving flood protection, ensuring a better 
connection between state flood protection decisions and local land 
use decisions. 

1.2 Commitment to Engagement 

The legislation directing development of the CVFPP includes requirements 
for DWR to actively engage partner agencies and stakeholders in plan 
formulation.  In response to this direction, DWR committed to a broad and 
comprehensive engagement process that exceeded statute requirements.  
This additional effort was made because once adopted, the CVFPP will 
affect not only agencies charged with operating and maintaining SPFC 
facilities, but also agencies with decision-making authorities over land use, 
public safety, the environment, and economic development. DWR has 
previously found that enhanced engagement efforts ultimately result in a 
wider acceptance of plans and activities.  To that end, DWR sought the 
involvement of Central Valley communities, interest-based groups, tribes 
and California Native American organizations, and other parties from the 
beginning of the planning process through final document preparation. 

Engaging both technical experts and interested members of the public also 
contributed to a FloodSAFE goal of helping residents and businesses in the 
Central Valley to understand the flood risks they may face. 

1.3 Report Organization 

The organization of this document is as follows: 

 Section 1 introduces and describes the purpose of this document and 
DWR’s commitment to engagement. 

 Section 2 describes DWR’s overall approaches for engaging partners, 
stakeholders, and the public to produce the 2012 CVFPP and other 
technical supporting documents. The section also contains a 
comprehensive list of all outreach and engagement activities and 
communication tools. 

 Section 3 provides a comprehensive list of all outreach and engagement 
activities and communication tools. 
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 Section 4 describes the approach, activities and measurements 
implemented for the four planning phases. 

 Section 5 describes the engagement process implemented in support of 
development of the State Plan of Flood Control Descriptive Document 
(DWR, 2010a) and the Flood Control System Status Report (DWR, 
2011a). 

 Section 6 describes other outreach, engagement and coordination 
activities that occurred as part of FloodSAFE but also supported 
development of the 2012 CVFPP. 

 Section 7 identifies the many coordination activities implemented with 
external partners such as USACE, CVFPB, maintaining agencies, local 
jurisdictions, Native American Tribes and Tribal Organizations, as well 
as the internal coordination activities through Functional Area Cross 
Coordination Teams. 

 Section 8 lists abbreviations and acronyms used in this document. 
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2.0 Communications and 
Engagement Approaches 

Development of the CVFPP, which the California Legislature directed 
DWR to undertake, represents one of the largest and most complex 
planning efforts ever led by DWR on behalf of the residents, environment, 
visitors, and businesses in the State of California (State). Drawing from 
experiences in prior planning efforts, and the legislative direction, DWR 
placed major emphasis on developing communication and engagement 
approaches that would foster and sustain an open, transparent, and 
inclusive planning environment. Rather than independently defining the 
components of communication and engagement approaches, DWR 
conducted extensive research and evaluation of similar planning efforts and 
consulted with a wide array of experts and flood management stakeholders 
responsible for improving flood protection and ecosystem preservation, and 
implementing risk-informed land use decisions. 

2.1 Research and Needs 

Led by DWR’s Central Valley Flood Planning Office (CVFPO), the 
research sought to meet multiple functions and needs. As mentioned above, 
research focused on review of similar planning efforts and consultation 
with numerous stakeholders. 

The principal purpose of the research was to identify, measure, and 
consider the range of communication preferences among stakeholders and 
related audiences.  Preferences were then aligned with researched 
communication and engagement best practices. Secondary research 
objectives were to measure stakeholder awareness of flood management 
issues; identify key flood management topics of interest among 
stakeholders; and identify additional stakeholders for participation. 

As part of this research, DWR evaluated the communication and 
engagement approaches deployed for the California Water Plan (DWR, 
2009a), CALFED Bay-Delta Program, Water Forum, Sacramento and San 
Joaquin River Basins Comprehensive Study (USACE, 2002), the San 
Joaquin River Restoration Program, and other efforts. This review 
promulgated a list of potential outreach strategies and tactics to be 
considered for inclusion in a communications and engagement plan.  These 
potential strategies and tactics were elicited as part of in-depth stakeholder 
research interviews performed by DWR. 
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2.1.1 Stakeholder Research Interviews 
As noted previously, DWR determined that effective outreach would 
require more substantial stakeholder engagement than minimally required 
by law.  To that end, more than 100 experts and other flood management 
stakeholders were interviewed over a 30-day period beginning in mid-
January 2009. These individuals represented a wide array of organizations 
and interests directly applicable to the CVFPP and its companion products. 
Organizations represented during these interviews1 are listed in Table 2-1. 
Referral requests for other stakeholders during these interviews expanded 
the stakeholder audience significantly for the interview process and for 
subsequent engagement activities. 

These interviews provided foundational guidance for identifying, 
developing, and implementing potential communications and engagement 
strategies. The survey also brought forth stakeholder issues related to 
Central Valley flood management.  This early stakeholder input assisted the 
technical team in framing the approach to be used for presenting technical 
processes in subsequent meetings and briefings. 

A team of communications specialists and facilitators conducted 45- to 60-
minute phone interviews using a prepared script and predefined questions. 
All interviewers attended a training session in advance to promote 
consistency. 

Interviews were conducted in a conversational style rather than in a formal 
poll or market survey.  The approach encouraged elaboration by 
stakeholders.  Interviewees were also advised interviews would be reported 
in the aggregate to allow individual comments to remain confidential 
unless participants provided permission otherwise.  See Attachment 1 for a 
copy of the interview questionnaire and interviewer script. 

The interviews solicited stakeholder responses in four general areas: 

 Identify stakeholder participation in prior studies and collaborative 
efforts and elicit recommended best practices for communication and 
engagement strategies. 

 Elicit input on potential components of communications and 
engagement approaches for the 2012 CVFPP specifically and identify 
communications preferences of potential stakeholders. 

                                                           
1 In certain instances, more than one representative was interviewed in a given 

organization or interest-based group. 
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 Measure flood management system awareness and understanding 
among stakeholders, and identify any initial disconnects between DWR 
and stakeholders. 

 Understand key areas of interest and expected level of participation 
among stakeholders and solicit their nomination of additional 
participants. 

Table 2-1.  Organizations and Interests Interviewed for Communications and 
Engagement Framework Development 

American Rivers City of Folsom 
Landowners, farmers, and other 
citizens in the Central Valley and 
Sacramento-San Joaquin Delta 

American River Flood Control District City of Rio Vista Levee District 1, San Luis Canal 
American River Watershed Institute City of Sacramento  Low Flow Alliance 
Building Industry Association City of Stockton Lower San Joaquin Levee District 
CALFED Bay-Delta Program City of West Sacramento Lower Yolo Planning Forum 
California Central Valley Flood 
Control Association City of Yuba MBK Engineers 

California Chamber of Commerce Colusa County Natomas Basin Conservancy 
California Department of Boating and 
Waterways Delta Protection Commission Natural Heritage Institute 

California Department of 
Conservation Ducks Unlimited Natural Resources Defense Council 

California Department of Food and 
Agriculture East Bay Municipal Utility District National Oceanic and Atmospheric 

Administration Fisheries 
California Department of Parks and 
Recreation 

El Dorado County and Georgetown 
Divide Regional Conservation District Northern California Water Association 

California Department of 
Transportation Elliott Homes Pacific Gas and Electric Company 

California Emergency Management 
Agency 

Environmental Justice Coalition for 
Water 

Placer County Flood Control and 
Water Conservation District 

California Farm Bureau Federation Family Water Alliance Planning and Conservation League 
California Manufacturers and 
Technology Association 

Federal Emergency Management 
Agency Reclamation District 1001 

California Partnership for the San 
Joaquin Valley Floodplain Management Association Recreational Boaters of California 

California Sport Fishing Protection 
Alliance Friant Water Users River Islands 
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Table 2-1.  Organizations and Interests Interviewed for Communications and Engagement 
Framework Development (contd.) 

California State Association of 
Counties Solano County U.S. Department of the Interior, 

Bureau of Reclamation 
California State Water Resources 
Control Board Friends of the River Sacramento Area Council of 

Governments 

California Truckers Association Glenn County Planning and Public 
Works 

Sacramento Area Flood Control 
Association 

CalTrout Glenn County Farm Bureau Sacramento City Council 
Central Valley Flood Protection 
Board Glenn/Colusa Water District Sacramento County Board of 

Supervisors 
Central Valley Regional Water 
Quality Control Board Great Valley Center Sacramento County Water 

Resources 

CH2M Hill Hospital Council of Northern and 
Central California 

Sacramento Metro Chamber of 
Commerce 

Citizen Feather Kjeldsen, Sinnock, and Neudeck Sacramento River Conservation Area 
Forum 

Sacramento Valley Landowners 
Association 

Knights Landing Ridge Drainage 
District Sacramento River Preservation Trust 

San Joaquin County Stockton East Water District 
U.S. Fish and Wildlife Service, 
Sacramento National Wildlife Refuge 
Center 

San Joaquin County Public Works Sutter County U.S. Geological Survey 
San Joaquin River Exchange 
Contractors Water Authority Sutter County Public Works Office of U.S. Rep. Doris Matsui 

San Joaquin River Parkway and 
Trust Tehama Colusa Canal Authority Yolo Basin Foundation 

San Joaquin River Resource 
Management Coalition The Nature Conservancy Yolo County 

San Luis Delta Turlock Irrigation District Yolo County Farm Bureau 

Save the American River Association U.S. Army Corps of Engineers Yolo County Flood Control and Water 
Conservation District 

City of Sacramento Public Works   
 

Key Findings Regarding Communications and Engagement 
The industry expert research interviews yielded the findings summarized 
below: 

 Respondents overwhelmingly supported using a combination of 
valleywide, regional, and topical engagement opportunities, but gave 
their strongest support to the regional scale for substantive 
participation. 

 Most respondents supported a structure that would include venues of 
broad geographic scope, regional work groups that would allow more 
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detailed discussions and direct collaboration with DWR, and technical 
work groups that would be devoted to specific topics. 

 Many respondents requested opportunities for substantive involvement 
and responsibilities, and also requested some resource support. 

 Most respondents recommended that DWR staff, or their 
representatives vested with authority for decision making and 
continuity of the process, be present in work group meetings, which 
should be professionally facilitated to maintain momentum and support 
openness and accountability. 

 Respondents stated that they would like evidence throughout of an open 
process with no predetermined or preconceived outcomes, and would 
also like evidence that DWR heard and considered their input. 

 Respondents felt that many stakeholders were already engaged in a 
variety of public planning efforts; thus, it would be important that the 
engagement process be efficient. 

 Many respondents indicated a willingness to share information about 
the process through their organizations’ communications venues. 

 Many respondents were confused about the implications of the State’s 
budget problems for development of the CVFPP. 

 At least one major group of respondents recommended convening a 
valleywide, broad-based task force or committee to consider all 
recommendations from a big-picture perspective, and to provide input 
to DWR accordingly. 

Research Implications for Communications and Engagement  
Research implications for determining elements of the approaches to 
communications and engagement strategies and tactics were as follows: 

 The process should include a variety of options for public engagement, 
such as a venue for broad information sharing; regional work groups 
offering venues for direct collaboration about regional issues; and 
technical work groups devoted to specific topics. 

 Content development should be collaborative, and there should be two-
way interaction between the communications and engagement process 
and technical and planning work. 
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 Work groups should each be charged with specific activities within 
defined time frames, and it should be made clear how feedback 
obtained in these discussions would be used in planning. 

 DWR staff or their designated representatives should be present at topic 
and regional work groups. 

 Professional facilitators should provide continuity, consistency, and 
structure to public engagement venues. 

 The engagement process should have built-in review and feedback 
mechanisms at regular intervals throughout so that DWR could show 
clear evidence of listening to input and provide responses. 

 The process should proceed along a publicly available timeline, and 
decision-making processes should be explained to partners and 
interested parties in advance. 

 The communication and engagement approaches should identify 
existing venues that could play a role in CVFPP development, to 
maximize the time and energy invested by partners and interested 
parties. 

2.1.2 Communications and Engagement Framework 
The results of these interviews were significant contributors in 
development of the Communications and Engagement Framework 
(Framework) (DWR, 2009b) by DWR. The Framework provides guidance 
for DWR when working with stakeholders and other interested parties with 
vested interests in development of a sustainable and integrated flood 
management plan for areas currently protected by facilities of the SPFC. 

DWR adopted the communications and engagement approaches under a 
“framework” rather than a “plan,” recognizing that stakeholders sought to 
share, receive, and co-create content.  This emergent approach resulted in 
an open, transparent and inclusive planning environment that built on the 
feedback collected during stakeholder interviews. 

This adaptive communications approach was paired with four generalized 
planning “phases” (see Figure 2-1). Each phase was anticipated to have 
content developed through iterative planning. In each phase, plan 
developers informed, consulted, and/or collaborated with diverse interest 
groups and stakeholders in various engagement settings.  The flexible 
engagement framework supported, rather than directed, plan development 
and stakeholder participation. 
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Figure 2-1.  Planning Process for 2012 Central Valley Flood Protection Plan 
Development 

A major structural foundation of the Framework is DWR’s application of 
the International Association of Public Participation (IAP2) Spectrum of 
Public Participation (see Figure 2-2) (IAP2, 2007). The IAP2 identifies 
five basic approaches to public engagement: 

1. Inform – Agencies distribute information to the public about ongoing 
activities on a regular basis. 

2. Consult – Agencies ask the public for input into decisions. 

3. Involve – Agencies commit to actively consider public input in 
decisions and, in some instances, present responses to public input in 
writing. 

4. Collaborate – Agencies allow the public to participate in decisions as 
partners, but the agencies retain final decision-making authority. 

5. Empower – Agencies agree to implement decisions made by the 
public. 
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Figure 2-2.  International Association for Public Participation’s “Spectrum of 
Public Participation” 

The CVFPP team blended IAP2 outreach approaches to inform, consult, 
involve, and collaborate to achieve overall plan development goals and 
respond to the stakeholders’ level of interest.   DWR believed that 
ultimately the level of partnership and collaboration required to implement 
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the CVFPP was unlikely to occur unless stakeholders played a substantive 
role in creating the CVFPP. 

Outreach methods furthered DWR and the stakeholders’ understanding of 
localized conditions, challenges, and objectives essential to identifying 
improvements in integrated flood management. The outreach effort also 
explored the implications flood management actions requiring partnerships 
and cost-sharing among State, federal and local agencies. 

The IAP2 also describes an “empower” approach. However, because of 
DWR’s legal obligation to develop the CVFPP and the Board’s legal 
obligation to adopt the CVFPP, the “empower” quadrant was not suitable 
for this process. 

The application of the IAP2 approaches contributed to developing a variety 
of engagement venues for CVFPP technical planning processes. 
Engagement venues were selected based on the ability each offered to 
achieve the following accomplishments: 

 Motivating ongoing participation by local partners and other interested 
parties. 

 Developing common understanding among partners and interested 
parties about flood risk in the Central Valley. 

 Developing common understanding among target audiences about 
CVFPP goals, guiding principles, and legislative mandates. 

 Creating ongoing dialogue between and among agencies, partners, and 
other interested parties. 

 Effectively linking technical planning to public engagement. 

 Helping meet the letter and spirit of regulatory and legislative 
requirements, including consideration of disadvantaged community 
issues, environmental justice, and engagement with California Native 
American Tribes. 

 Helping foster support for the CVFPP. 

  



2012 Central Valley Flood Protection Plan 
Attachment 5: Engagement Record 

2-10 December 2011 
 Public Draft 

2.2 Types of Engagement 

2.2.1 Forums 
Conference-style forums were major outreach events designed to convene a 
variety of perspectives at significant milestones in the CVFPP development 
process. Each event focused on sharing information and promoting 
interaction with the broader public. DWR implemented two types of public 
forums during the planning process: (1) a Valleywide Forum when content 
applied to all locations within the Systemwide Planning Area, and (2) a 
Regional Forum when content presented was “place-based.” 

2.2.2 Work Groups 
Work groups were convened to engage subject matter experts and 
community leaders in assisting with developing information and material to 
inform the CVFPP. The two main types of work groups were Regional and 
Topic. Regional Work Groups focused on place-based topics, such as 
assessing water-related and other conditions in the region, while Topic 
Work Groups focused on category-based topics such as climate change and 
operations and maintenance. A subset of the work groups was the Joint 
Subcommittee, which included membership from Regional or Topic work 
groups, or both. The subcommittees focused on discrete topics that were 
then shared with their full work groups.  Each work group and 
subcommittee operated from a charter with defined deliverables and a 
specified time period (typically 2 to 6 months). 

2.2.3 Workshops 
A number of workshops were conducted to enable the team to receive 
highly focused, technical feedback on given subjects in a single meeting. 
These sessions convened multiple subject matter and interest-based groups, 
as well as the interested public.  Workshop topics ranged from review of 
major planning milestones, to specific issues such as small community 
protection, floodplain management, and permitting. 

2.2.4 Briefings 
Periodic, standardized briefings for elected officials and local jurisdictions 
were conducted to for consistency and coordination of information among 
key stakeholders. In addition, coordination with specific interest-based 
groups allowed for focused discussions of content. 
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2.3 Public Information 

2.3.1 Visual Identity 
To visually orient stakeholders to a task or activity for the CVFPP, DWR 
developed a visual identity, or “brand,” for the CVFMP Program, which 
was responsible for developing the CVFPP. This visual cue included a 
program logo, color palette, report template, PowerPoint template, signage, 
posters, and other event materials. This visual identity was created to 
complement and support the FloodSAFE visual identity. 

2.3.2 Web Site 
A program Web site provided stakeholders access to a variety of static and 
interactive tools, each designed to provide information and engage visitors 
in the planning process. 

2.3.3 E-Mail Subscriber List 
An e-mail subscriber list was created to allow interested parties to choose 
to receive CVFMP notifications and related information. 

2.3.4 Videos and Multimedia 
Videos and multimedia activities supported stakeholder recruitment during 
the planning phase, raised stakeholder and public awareness of flood 
management issues and opportunities, and functioned as a reference for 
completed engagement activities. DWR’s activities included the following: 

 Videos were used as outreach tools to help local partners and the public 
understand the context for development of the CVFPP, including the 
history of flood management in the Central Valley and the new State 
requirements enacted in the 2007 flood legislation. 

 Webcasts and webinars of forums and briefings provided accessibility 
to a larger number of stakeholders by allowing remote attendance. 
Copies of the sessions also permitted viewing at a later date. 

2.3.5 Publications 
Publications supported development of the CVFPP, raised awareness of 
ongoing efforts and key deliverables, and encouraged stakeholder and 
public interaction in work groups and workshops. CVFPP publications 
included the following: 

 Newsletters periodically provided updates on progress and highlighted 
opportunities for engagement. 



2012 Central Valley Flood Protection Plan 
Attachment 5: Engagement Record 

2-12 December 2011 
 Public Draft 

 Fact sheets focused on a specific topic or issue to inform readers and 
raise awareness. 

 Informational flyers promoted meetings or events in a simple format. 

 Public Notices are one- to-two page documents used to comply with 
statutory noticing requirements for a government action. 

 Reader’s Guides assisted stakeholders in reviewing documents and 
processes. 

 Posters provided information in a large format at engagement venues. 

 Reports documented either (1) accomplishments of a planning phase, 
technical work, and/or next steps, or (2) stakeholder opinions and 
perceptions of participation in a prior planning phase. 

2.3.6 Media Relations 
Broadcast, print, and online media served as partners in development of the 
CVFPP by raising public awareness of flood management goals and 
objectives.  Targeted press releases and other interactions with the media 
resulted in third party reporting of CVFMP Program accomplishments, and 
explanations of where and how DWR is investing funding from public-
approved bonds. Media relations included a combination of proactive and 
response activities. Proactive activities included direct contact with the 
media following a news release, coordinated briefings for reporters, and 
development of specialized media materials. DWR also responded to 
inquiries generated by the media. 

2.3.7 Advertising 
Advertising supported CVFPP planning activities by reinforcing public 
awareness of flood management issues and the visual identities of 
FloodSAFE and the CVFMP Program. 

2.4 Continuous Improvement 

In support of the iterative planning processes for the 2012 CVFPP, DWR 
conducted continuous improvement activities aimed at evaluating and 
improving outreach and engagement. 

2.4.1 External Assessments 
As part of adapting the CVFPP communications and engagement process 
for future phases of work, process assessments were conducted at the end 
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of the first two phases of engagement. The goals of these evaluations were 
to summarize efforts to date, assess outcomes, extract key lessons learned, 
and provide recommended modifications. 

Participant feedback was gathered through meeting discussions, interviews, 
and surveys. Participants offered constructive suggestions for improvement 
that were used in designing future public communications and engagement 
efforts during CVFPP development. 

2.4.2 Presentation and Media Training 
Two categories of communications training were identified to support 
technical development processes: presentation and media. 

Presentation training sessions enhanced staff skills in displaying and 
discussing technical information with the public and stakeholders. Such 
training encouraged positive interaction and improved collaboration during 
work group and workshop sessions. 

Media training fostered effective staff communications that would meet 
reporters’ editorial interests and deadlines, and provided DWR a vehicle for 
increasing public awareness and understanding of flood management 
planning. 
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3.0 Summary of Engagement 
Activities 

This section describes communications and engagement accomplishments 
used to help develop the 2012 CVFPP and related documents, as guided by 
the Framework. 

3.1 Record of Engagement Activities 

Engagement activities to date are summarized in Table 3-1, and other 
communication tools used are summarized in Table 3-2. 

Table 3-1.  Record of Engagement Activities 

Activity or Event Types No. of 
Events 

Phases 
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Dates 
1 2 3/4 

Research 
Organization/Interest Interviews 113 Pre-Phases   January 2009 – February 2009 

Forums 
Regional Forums 5 X     June 2009 
Valleywide Forums 2 X X    June 2010, December 2010 

Work Groups 

Regional Conditions Work Groups 

Upper Sacramento 8 X     August 2009 – April 2010 
Lower Sacramento 8 X     August 2009 – May 2010 
Upper San Joaquin 8 X     August 2009 – April 2010 
Lower San Joaquin 8 X     August 2009 – April 2010 
Delta 8 X     August 2009 – May 2010 

Regional Management Actions Work Groups 

Upper Sacramento 3  X    July 2010 – November 2010 
Lower Sacramento 3  X    June 2010 – November 2010 
Upper San Joaquin 3  X    June 2010 – November 2010 
Lower San Joaquin 3  X    June 2010 – November 2010 
Delta 3  X    June 2010 – November 2010 
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Table 3-1.  Record of Engagement Activities (contd.) 

Activity or Event Types No. of 
Events 

Phases 
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Dates 
1 2 3/4 

Topic Work Groups 

Levee Performance Scope 
Definition 4 X     August 2009 – October 2009 

Operations and Maintenance 
Scope Definition 4 X     August 2009 – October 2009 

Climate Change Scope 
Definition 4 X     August 2009 – October 2009 

Environmental Stewardship 
Scope Definition 4 X     August 2009 – October 2009 

Climate Change Threshold 
Analysis 2  X    August 2010 – August 2010 

Interim Levee Design Criteria 9 X X  X X December 2009 – September 
2010 

Urban Levee Design Criteria 5   X X X March 2011 – July 2011 
Urban Level of Flood 
Protection Criteria 4   X X X May  2011 – 

October/November 2011 
Subcommittees 

Agricultural Stewardship Scope 
Definition Joint Subcommittee 4 X     October 2009 – April 2010 

Regional Management Actions 
Objectives 7  X    October 2010 

Workshops 
Management Actions  15  X    July 2010 – September 2010 
Technical Analyses 2   X   June 2011 
Interim Levee Design Criteria 1   X X X January 2011 
Urban Levee Design Criteria 1   X X X September 2011 
Urban Level of Flood Protection 
Criteria 1   X X X September 2011 

2012 Central Valley Flood 
Protection Plan – Working Draft 
for Work Group Member Review 

1   X X X November 2011 

Briefings and Coordination 
In-Person and Phone Briefings to 
Local Governments 31 X X  X X September 2009 – November 

2010 
Coordination Meetings 7 X X    May 2010 – September 2010 
Media Briefings 5 X X    June 2010, August 2010 
Regional Work Groups 2   X   May 2011 

Legislative Outreach 
Briefings 1 X   X X January 2010 
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Table 3-1.  Record of Engagement Activities (contd.) 

Activity or Event Types No. of 
Events 

Phases 

C
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Dates 

1 2 3/4 

California Native American Tribe and Environmental Justice Outreach 
Tribe and Tribal organization 
briefings 17 X X X X X October 2009 – February 2011 

Environmental Justice outreach None2 X X     
Key: 
CVFPP = Central Valley Flood Protection Plan 
FloodSAFE = FloodSAFE California 

Table 3-2.  Use of Other Communications Tools 

Tool Types 
Phases 
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Publication Dates 

1 2 3/4 

Publications 
Newsletters 

FloodSAFE Focus, Vol. 1, Issue 1 X    X May 2010 
FloodSAFE Focus, Vol. 1, Issue 2  X   X July 2010 
FloodSAFE Focus, Vol. 1, Issue 3  X   X August 2010 
FloodSAFE Focus, Vol. 1, Issue 4  X   X October 2010 
FloodSAFE Focus, Vol. 1, Issue 5  X   X December 2010 
FloodSAFE Focus, Vol. 2, Issue 1   X  X March 2011 
FloodSAFE Focus, Vol. 2, Issue 2   X  X April 2011 
FloodSAFE Focus, Vol. 2, Issue 3   X  X July 2011 
FloodSAFE Focus, Vol. 2, Issue 4   X  X October 2011 

Fact Sheets  
Central Valley Flood Management Planning 
Program X     June 16, 2010 

CVFMP Program: How to Get Involved X     June 16, 2010 
Central Valley Floodplain Evaluation and 
Delineation Program X    X June 1, 2009 

Improving Flood Management in the 
Central Valley  X     June 17, 2010 

Levee Evaluation Program  X    X June 1, 2009 
  

                                                           
2 Environmental justice organizations deferred briefings in favor of participation in 

workgroups and workshops. 
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Table 3-2.  Use of Other Communication Tools (contd.) 

Tool Types 
Phases 
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Publication Dates 

1 2 3/4 

Central Valley Integrated Flood Management 
Study1 X   X  June 1, 2009 

Invitation to Tribal Governments and 
Communities to Be Involved in Development 
of the Central Valley Flood Protection Plan 

X    March 8, 2010 

Central Valley Flood Protection Plan Progress 
Report  X    January 2011 

Flyers 
June 2009 Regional Forums X    May 2009 
June 2010 Valleywide Forum X    May 2010 
Management Actions Workshops  (Round 1)  X    July 2010 
Management Actions Workshops  (Round 2)  X    August 2010 

Guides   
Reader’s Guide to the Interim Progress 
Summary No. 1 and Regional Conditions 
Report – A Working Document 

X    April 2010 

Attendee’s Guide to Phase 2 Workshops  X    
July 2010  
(updated August 2010) 

Posters 

Understanding the Challenge: Flood-Related 
Risks in the Central Valley X     June 2009 

Meeting the Challenge: Building on Existing 
Information and Developing New Data X     June 2009 

Meeting the Challenge: Central Valley Flood 
Protection Plan X     June 2009 

Meeting the Challenge: Flood Management 
Implementation Activities X     June 2009 

Reports 

Communications and Engagement 
Framework X     June 2009 (Public Draft) 

Operations and Maintenance Scope 
Definition Work Group Summary Report X     November 2009 (Draft) 

Levee Performance Scope Definition Work 
Group Summary Report X     November 2009 (Draft) 

Climate Change Scope Definition Work Group 
Summary Report X     December 2009 (Draft) 
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Table 3-2.  Use of Other Communication Tools (contd.) 

Tool Types 
Phases 
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Publication Dates 

1 2 3/4 

Environmental Stewardship Scope 
Definition Work Group Summary Report X     December 2009 (Draft) 

State Plan of Flood Control Descriptive 
Document X   X  January 2010 (Draft), November 

2010 
Regional Conditions Report – A Working 
Document X     March 2010 

Interim Progress Summary No. 1 X     April 2010 
Important Considerations for the Central 
Valley Flood Protection Plan Related to 
Sacramento-San Joaquin Valley 
Agriculture 

X     May 2010 (Draft) 

Phase 1 External Communication and 
Engagement Assessment X     September 2010 

Phase 2 Climate Change Threshold 
Analysis Work Plan  X    September 2010 (Draft) 

Notice of Preparation: Program 
Environmental Impact Report for the 
Central Valley Flood Protection Plan  

 X  X  October 2010 

Management Actions Report  X    November 2010 (Draft) 
Interim Progress Summary No. 2  X    December 2010 
Central Valley Flood Protection Plan 
Progress Report  X    January 2011 

Final Public Scoping Report: 2012 
Central Valley Flood Protection Plan 
Program Environmental Impact Report 

  X X  February 2011 

Central Valley Flood Protection Plan 
Summary – Working Draft for Work 
Group Member Review 

  X   October 2011 

Central Valley Flood Protection Plan – 
Working Draft for Work Group Member 
Review 

  X   October 2011 

Public Draft Flood Control System Status 
Report    X  December 2011 

Public Draft 2012 Central Valley Flood 
Protection Plan   X   December 2011 
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Table 3-2.  Use of Other Communication Tools (contd.) 

Tool Types 
Phases 
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Publication Dates 

1 2 3/4 

Web Site 
Materials Continue to Be Posted to the 
Program Web Site X X X X  Continuous 

Multimedia 

Videos 

Flood Risk Notification     X June 2011  
Regional Management Actions 
Workshops Orientation Video   X    July 2010 

Overcoming the Deluge: California’s 
Plan for Managing Floods 
(27-minute version) 

  X  X November 2011 

Overcoming the Deluge: California’s 
Plan for Managing Floods 
(12-minute version) 

    X November 2011 

Webcasts and Webinars 

Webcast – June 2010 Valleywide Forum X     June 2010 
Webcast – December 2010 Valleywide 
Forum  X    December 2010 

Webinars – 11 Round 1 Management 
Actions Workshops  X    July 2010 

Webinars – Regional Work Group 
Briefings   X   May 2011 

Webinars – 2012 CVFPP Summary 
Working Draft for Work Group Member 
Review 

  X   November 2011 

Webinar – 2012 CVFPP Working Draft 
for Work Group Member Review 
Workshop 

  X  X November 2011 

Note: 
1  Content developed by DWR in coordination with the Sacramento District of the U.S. Army Corps of Engineers. 
Key: 
CVFMP = Central Valley Flood Management Planning Program 
CVFPP = Central Valley Flood Protection Plan 
FloodSAFE = FloodSAFE California 
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3.2 Stakeholder Representation 

Throughout the communications and engagement process, DWR sought to 
connect, engage, and interact with a diverse and widely representative 
group of stakeholders. The communications and engagement activities 
included agencies at all levels of government, academic experts, local 
businesses, valley and Delta communities, elected officials, water 
suppliers, California Native American organizations, nonprofits, 
agricultural interests and environmental groups within and outside the 
SPFC. Represented stakeholders provided invaluable input at all levels of 
the engagement process, and made extensive contributions to development 
of the 2012 CVFPP. A comprehensive list of stakeholders is documented in 
Appendix B. 
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4.0 Plan Development Support 
As described in Section 2, DWR approached development of the 2012 
CVFPP via four general planning phases. Each phase was anticipated to 
have content developed through iterative planning. This planning 
environment was supported by strategies and tactics identified in the 
Framework and follow-on coordination with stakeholders. 

This approach provided the flexibility many stakeholders expressed as vital 
for them to identify, analyze, and address the technical, social, economic, 
and environmental conflicts that have faced Central Valley flood 
management planning for decades. This approach further accommodated 
staffing and management changes at DWR that occurred before and after 
transition of the State’s executive administration in January 2011. 

4.1 Phased Process 

The four planning phases identified for development of the 2012 CVFPP 
included Regional Conditions (Phase 1), Management Actions (Phase 2), 
and Systemwide Investment Formulation (Phases 3 and 4). The function 
and conduct of these planning phases included continuous and direct input 
and involvement by staff of the Board and U.S. Army Corps of Engineers, 
Sacramento District (USACE). 

4.2 Regional Conditions (Phase 1) 

From June 2009 through early June 2010, DWR hosted a variety of 
engagement activities that included conducting forums and work group 
sessions, and briefings to legislative staff, interest-based groups and 
California Native American Tribes. During that time, DWR also released a 
variety of publications. Following is an overview of stakeholder meetings 
and outreach activities during Phase 1. 

4.2.1 Regional and Valleywide Forums 
Five Regional Forums were held in June 2009 to launch Phase 1 and recruit 
work group members (see Figure 4-1). Locations included Chico, West 
Sacramento, Walnut Grove, Modesto, and Los Banos. 

In June 2010, a Valleywide Forum was held to conclude Phase 1 and 
launch Phase 2. The location was West Sacramento. 
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4.2.2 Work Groups 
Five Regional Conditions Work Groups (RCWG) 
were chartered to help develop content for the 
DWR Regional Conditions Report – A Working 
Document (DWR, 2010b). These work groups 
represented five geographic regions: Upper and 
Lower Sacramento Valley, Delta, and Upper and 
Lower San Joaquin Valley. Forty meetings were 
held. 

Four Topic Work Groups were chartered to help 
define the scope of, and important considerations 
for, topics relevant to all regions in the areas of 
climate change, environmental stewardship, levee 
performance, and operations and maintenance 
(O&M). Sixteen meetings were held. 

An Agricultural Stewardship Scope Definition 
Joint Subcommittee was convened, with 
participants from each Phase 1 regional and topic 
work group, to identify and capture the 
agricultural community’s concerns for integration 

into the 2012 CVFPP. Four meetings were held. 

4.2.3 Workshops 
No workshops were held in Phase 1. 

4.2.4 Briefings and Coordination 
In-person and phone briefings were given to local governmental agencies 
and their staff. Twenty-three briefings were held (see Table 4-1). 

One coordination meeting was held with the California Central Valley 
Flood Control Association. 

In advance of the June 2010 Valleywide Forum, briefings were held with 
four Central Valley print media outlets: 

 Sacramento Bee 

 Woodland Daily Democrat 

 Capitol Weekly 

 Associated Press 

 
Figure 4-1.  Five Central Valley Flood 
Protection Plan Engagement Regions 
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Table 4-1.  Phase 1 In-Person and Phone Briefings 
Colusa County Board of 
Supervisors 

Madera County Water Advisory 
Commission 

Shasta County Public Works Director 
& Planning Manager 

Contra Costa County Board of 
Supervisors Chair 

Madera County Board of 
Supervisors Glenn County Board of Supervisors 

Solano County Board of 
Supervisors Chair & Supervisor Yuba County Board of Supervisors Yolo County Board of Supervisors 

Chair 
Solano County Board of 
Supervisors 

Merced County Public Works/ 
Planning Staff Woodland City Council 

Contra Costa Board of Supervisors Stanislaus County Board of 
Supervisors Sutter Butte Flood Control Agency 

Fresno County Board of 
Supervisors Chair Rio Vista City Council & Staff Sutter County Board of Supervisors 

Fresno County Planning & Public 
Works Staff 

City of Sacramento Staff (2 
meetings) 

 
Madera County Board of 
Supervisors Chair Sacramento City Council 

4.2.5 Legislative Outreach 
A briefing was given to legislative staff at the State Capitol in January 
2010. 

4.2.6 California Native American and Environmental 
Justice Outreach 

California Native American Tribes and tribal organizations received 
FloodSAFE/CVFPP briefings following contact with more than 100 
organizations. Eleven briefings were held (see Table 4-2). 

A database was developed of nongovernmental organizations with interests 
in environmental justice. Notices of CVFMP Program events and 
milestones were e-mailed to these groups with briefing offers. 

Table 4-2.  Phase 1 Briefings for California Native American Tribes and 
Tribal Organizations 

California Indian Basket Weavers Cortina Indian Rancheria Inter-Tribal Council of California, Inc. 
Northern Circle Indian Housing 
Authority Redding Rancheria Sacramento Native American Health 

Center 
Hinthil Environmental Resource 
Consortium Inter-Tribal Council of California Bureau of Indian Affairs 

North Fork Mono Tribe California Rural Indian Health Board, 
Inc.  
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4.2.7 Phase 1 Public Information 

Publications 
Newsletters   The CVFPP effort led to development of the FloodSAFE 
Focus, a periodic publication of DWR’s Division of Flood Management. 
This publication is geared to report on the accomplishments of FloodSAFE 
as they contribute to public safety, environmental stewardship, and 
economic stability. During Phase 1, one issue of the newsletter was 
published (DWR, 2010–2011). 

Fact Sheets and Flyers   Eight fact sheets were developed, including 
overviews of FloodSAFE, the CVFMP Program and the range of 
communications and engagement opportunities. DWR also produced a fact 
sheet designed to encourage California Native American Tribe and tribal 
organization participation in 2012 CVFPP development. These documents 
were updated periodically as planning efforts advanced and stakeholders 
became more acquainted with technical aspects of the CVFPP and related 
documents. In addition to being used by work groups, fact sheets were 
distributed at briefings with California Native American Tribes, local land-
use agencies, local elected officials, interest-based groups, legislative staff, 
and policy makers.  Electronic copies of these fact sheets were posted on 
the CVFMP Program Web site and cross-linked to the FloodSAFE program 
Web site 

Informational flyers were developed in support of the Regional and 
Valleywide forums. 

Guides   A Reader’s Guide to the Interim Progress Summary No. 1  and 
Regional Conditions Report – A Working Document (DWR, 2010c) was 
developed to serve as a companion document to the DWR Interim Progress 
Summary No. 1 (DWR, 2010d) and the Regional Conditions Report – A 
Working Document (DWR, 2010b), and to summarize and describe their 
structures. 

Posters   Four large-scale posters were developed for use in the Regional 
Forums to describe the challenges of the Central Valley flood management 
system and potential corrective opportunities to be realized through the 
CVFPP. 

Reports   Major Phase 1 documents posted to the CVFMP Program Web 
site included the DWR Levee Performance Scope Definition Work Group 
Summary Report (2009c), the Operations and Maintenance Scope 
Definition Work Group Summary Report (2009d), the Environmental 
Stewardship Scope Definition Work Group Summary Report (DWR, 
2009e), the Climate Change Scope Definition Work Group Summary 
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Report (DWR, 2009f), the State Plan of Flood Control Descriptive 
Document (DWR, 2010a), the CVFPP Regional Conditions Report – A 
Working Document (DWR, 2010b), the Interim Progress Summary No. 1 
(DWR, 2010d), and Important Considerations for the CVFPP Related to 
Sacramento-San Joaquin Valley Agriculture (DWR, 2010e). 

Web Site and Multimedia 
Web Site   The CVFMP Program Web site (www.water.ca.gov/cvfmp) was 
developed to provide access to CVFPP-related information. This site was 
organized as subordinate to the FloodSAFE Web site 
(www.water.ca.gov/floodsafe). Links on the CVFMP Program Web site 
included the following: 

 About the Program – Describes goals of the CVFMP Program, and 
links to other related or companion documents to the CVFPP. 

 Calendar – Draws from DWR’s Water Calendar and provides visitors 
with single-click access to CVFPP-related meetings. 

 Publications – Contains a repository of program publications. 

 Meetings – Assists in promoting meetings and distribution of meeting 
materials, summaries, and charters for visitor reference. 

 Work Group Resources – Contains background information on 
various work groups. 

 Partner Registry – Provides stakeholders with the opportunity to 
subscribe to the CVFMP Program e-mail lists based on their areas of 
interest; more than 250 have signed up. 

 Contact – Includes physical mailing addresses for DWR, as well as an 
online form that allows a site visitor to contact the CVFMP Program. 

Videos   No videos were produced in Phase 1. 

Webcasts and Webinars   The June 2010 Valleywide Forum was 
broadcast live via Webcast. Stakeholders viewing the event were able to 
pose questions to panelists and staff. The Webcasts were posted to the Web 
for follow-on viewing and archived for future viewing. 
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4.3 Phase 1 External Assessment 

To evaluate stakeholder perceptions and opinions regarding the 
effectiveness of Phase 1 engagement activities, structured meeting 
discussions, interviews and surveys were conducted to produce the Phase 1 
External Communication and Engagement Assessment (DWR, 2010f). In 
addition to evaluating the overall effectiveness of Phase 1 engagement 
activities, the assessment assisted in guiding the format and function of 
Phase 2 communications and engagement activities. Of the 192 individuals 
participating in Phase 1 work groups and subcommittees, 18 responded via 
an online survey; 24 completed an in-depth interview with a work group 
facilitator; and nearly all of the approximately 90 RCWG members 
discussed the topic during a work group meeting. Work group members 
who never attended a meeting were contacted to learn if they had concerns.  
The Phase 1 External Communication and Engagement Assessment is 
available on the program Web site and results of the assessment were 
presented to stakeholders. Research collected through this effort identified 
the following: 

 Most respondents provided favorable comments about DWR’s efforts 
to date but reserved judgment about DWR’s commitment to the process 
until they could view the Regional Conditions Report – A Working 
Document (DWR, 2010b), and they had been briefed on the next phase 
of work. 

 Respondents suggested that DWR more clearly explain why 
participant-generated information was important, and some respondents 
expressed concern that some Phase 1 work group efforts might not be 
incorporated into future work products. Many suggested that a clearer 
road map (including schedule, work objectives, expected products and 
their use, and expected level of effort) be provided to the work groups. 

 Many RCWG members felt that participation in the process decreased 
over time because of the extensive number of meetings and because of 
concerns about the lack of incorporation of feedback into materials to 
produce the 2012 CVFPP. Many participants also commented that 
Phase 1 pacing and volume of work were not sustainable, yet they 
recognized the overall process would be driven by external deadlines. 

 Aside from pacing and work volume, most respondents gave positive 
marks to meeting support and the general process design.  Some 
respondents noted that it was difficult for them to assess the degree to 
which information generated across all work groups had been 
integrated into the Regional Conditions Report – A Working Document 
(DWR, 2010b) and other CVFPP materials.  Participants also identified 
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challenges for future CVFPP development, especially in developing 
management actions.  While work group members were aware of 
outreach to elected officials, key opinion leaders, and others, they 
suggested that more outreach, more often, would be needed. 

Following release of the Interim Progress Summary No.1 (DWR, 2010d), 
DWR was contacted by several stakeholder participants with concerns 
regarding the nature and findings of the document.  In general, these 
stakeholders were dissatisfied because they felt some of the important 
issues raised during the Phase 1 meetings were not included and they did 
not agree with the characterization of the “Level of Agreement” section of 
the document. Several small-group meetings were held with stakeholders in 
response to these concerns, which were captured and represented in the 
Phase 1 Assessment and follow-on CVFPP documents. Results of these 
sessions served as guidance for subsequent plan development activities and 
coordination with stakeholders during Phase 2. 

4.4 Management Actions (Phase 2) 

From June 2010 through December 2010, DWR continued hosting forums, 
work groups, and briefings to interest-based groups and California Native 
American Tribes. DWR also released of a variety of CVFPP-related 
publications. During Phase 2, workshops were introduced into the planning 
process. Following is an overview of stakeholder meetings and outreach 
activities during Phase 2. 

4.4.1 Regional and Valleywide Forums 
In December 2010, a Valleywide Forum was held to conclude Phase 2 and 
launch Phase 3/4. The location was West Sacramento. 

No regional forums were held. 

4.4.2 Work Groups 
Five Regional Management Actions Work Groups (RMAWG) were 
convened to help frame management action categories and assist with the 
general approach for incorporating management actions into the CVFPP. 
These work groups represented the same geographic regions as in Phase 1 
RCWGs. Fifteen meetings were held. 

Two Climate Change Threshold Approach Work Group meetings were 
convened as follow-on work to the Phase 1 climate change work. The 
Phase 2 work surveyed the approaches of ongoing studies to facilitate 
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development of a consistent climate change analysis process for DWR 
planning purposes. 

A Regional Management Action Objectives subcommittee was convened 
by each RMAWG to articulate regional objectives related to the primary 
CVFPP goal of improved flood risk management, then to report back to the 
main work groups for review and discussion. Seven meetings were held. 

4.4.3 Workshops 
Fifteen Regional Management Action Workshops were held in Phase 2. 
The Round 1 workshops reviewed and developed management actions 
contributing to the 2012 CVFPP goals in 11 categories: 

 Policy and Regulations 

 Ecosystem Restoration 

 Flood Protection System Modification 

 Permitting 

 Disaster Preparedness and Flood Warning 

 Floodfighting, Emergency Response, and Flood Recovery 

 Finance and Revenue 

 Operations and Maintenance 

 Additional Floodplain and Reservoir Storage 

 Storage Operations 

The Round 2 workshops identified how management actions could be 
applied in community settings within the CVFPP planning areas, and also 
identified opportunities to integrate environmental, water supply, and other 
benefits. The categories of these four workshops were as follows: 

 Small Communities Workshop 

 Integration Workshop 

 Rural/Agricultural Areas Workshop 

 Urban Areas Workshop 
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Total attendance exceeded 450 people. More than 800 written and verbal 
comments were received. 

4.4.4 Briefings and Coordination 
Eight in-person and phone briefings were given to local government 
agencies and their staff (see Table 4-3). 

Six coordination meetings were held with organizations whose members 
spanned large geographic areas (see Table 4-3). 

A media availability notice was delivered to Central Valley media in 
August 2010 to raise awareness of Phase 2 planning activities and remind 
the media of the State’s flood management planning efforts as the 
anniversary of Hurricane Katrina neared. While follow-up calls were held 
with print media reporters throughout the Central Valley, no news articles 
on Phase 2 were published as a result of this outreach. 

Table 4-3.  Phase 2 In-Person and Phone Briefings and Coordination 

In-Person and Phone Briefings 
Madera County Water Advisory 
Commission 

Butte County Planning Department 
Staff 

Sutter Local Agency Formation 
Commission 

Madera County Board of 
Supervisors 

Sacramento County Planning 
Department Staff Sutter Butte Flood Control Agency 

Contra Costa County Engineering 
Committee 

Water Resources Association of 
Yolo County  

Coordination Meetings 
San Joaquin Area Flood Control 
Agency/San Joaquin County 

Society of Marketing Professional 
Services Lower American River Task Force 

San Joaquin County Flood Control 
Technical Advisory Committee (2 
meetings) 

Delta Stewardship Council  

4.4.5 Legislative Outreach 
No formal legislative staff outreach was performed in Phase 2. 

4.4.6 California Native American and Environmental 
Justice Outreach 

California Native American Tribes and one statewide tribal organization 
received FloodSAFE/CVFPP briefings. Five briefings were held (see Table 
4-4). 

E-mail notices about CVFPP-related events and milestones were sent to 
organizations with known interests in environmental justice issues. 
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Table 4-4.  Phase 2 Briefings for California Native American Tribes and Tribal Organizations 
Chowchilla Tribe of North Valley 
Yokuts Nashville-Eldorado Miwoks Tribe California Manpower Indian 

Consortium 
Grindstone Rancheria Wintu Tribe of Northern California  

4.4.7 Phase 2 Public Information 

Publications 
Newsletters   During Phase 2, four issues of the FloodSAFE Focus were 
published (DWR, 2010–2011). 

Fact Sheets and Flyers The California Native American Tribe program 
fact sheet was updated and published. 

Public Notice   The Notice of Preparation: Program Environmental Impact 
Report for the CVFPP was published by DWR in October 2010. 

Guides   An Attendee’s Guide to Phase 2 Workshops (DWR, 2010g, 
updated August 2010) was developed to assist and orient workshop 
participants in their consideration of which workshop to attend and how 
their input would be applied to the current and subsequent planning phases. 

Posters   No posters were produced during Phase 2. 

Reports   Major Phase 2 documents posted to the program Web site 
included the DWR Management Actions Report (DWR, 2010h), the Interim 
Progress Summary No. 2 (DWR, 2010i), and the Phase 2 Climate Change 
Threshold Analysis Work Plan (DWR, 2010j), the State Plan of Flood 
Control Descriptive Document (DWR, 2010a), and the Final Public 
Scoping Report: 2012 CVFPP Program Environmental Impact Report 
(DWR, 2011b). 

Web Site and Multimedia 
Web Site   Materials continued to be posted to the program Web site 
throughout Phase 2. 

Videos   A 12-minute Regional Management Actions Workshops 
Orientation Video (DWR, 2010k) was produced and published online in 
advance of the July 2010 workshops. This video was part of DWR’s 
stakeholder recruitment efforts, and supported stakeholder understanding of 
the scope and purpose of the scheduled workshops, and how stakeholder 
participation helped in development of the CVFPP. 

Webcasts and Webinars   The December 2010 Valleywide Forum was 
broadcast live via Webcast and stored on the program Web site for future 
viewing. 
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All Round 1 Management Actions Workshops were offered via Webinar 
for those unable to attend in person. 

4.5 Phase 2 External Assessment 

Following Phase 2 of engagement to produce the 2012 CVFPP, a written 
survey was created with a mix of 12 quantitative and qualitative questions 
aimed at obtaining feedback to help improve the engagement process 
during the next phase of CVFPP development. Topics included 
stakeholders’ levels of satisfaction with the Phase 2 process and work 
group support staff, understanding of how stakeholder input would feed in 
into development of the CVFPP, potential future challenges that could 
arise, and other topics. 

The survey was distributed at five RMAWG meetings conducted in early 
November 2010 and was sent electronically to RMAWG members who did 
not attend the meetings. Survey participants were offered the opportunity to 
be interviewed.  The Phase 2 External Assessment was based on 52 survey 
responses received, other input and correspondence provided to the 
meeting facilitators, and 15 phone interviews conducted by the meeting 
facilitators across the five work groups.  The Phase 2 External Assessment 
was presented to DWR for internal use to inform the design of subsequent 
phases of engagement. Findings of the assessment included the following: 

 The assessment found overall satisfaction with the engagement process, 
with more than 80 percent of respondents indicating that they were 
either “satisfied” or “somewhat satisfied,” and no respondents 
indicating that they were either “unsatisfied” or “very unsatisfied.”  
However, overall satisfaction was highly contingent on next phases and 
eventual contents of the 2012 CVFPP.  Respondents identified several 
successful elements during Phase 2, including: development of regional 
objectives in subcommittees, creation of management actions, diversity 
of work group participation, and support provided by DWR staff and 
others. 

 A significant majority of survey respondents (87 percent) saw the 
stakeholder engagement process as somewhat to very likely to have a 
meaningful impact on the content of the 2012 CVFPP.  Respondents 
cited DWR’s efforts to engage local perspectives and recruit diverse 
participation as two key strengths of the engagement process to date. 

 Respondents also requested less emphasis on discussing process during 
meetings, a slower pace of work, and a clearer understanding of how 
agricultural and environmental values would be integrated into flood 
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management planning.  Respondents cited two key challenges for 
successfully developing the 2012 CVFPP: (1) the time available to 
develop the plan, and (2) funding for implementing the plan.   
Suggestions from participants for future phases of CVFPP development 
included: focusing on prioritized “recommended actions,” using maps 
and tools to support place-based discussions; and providing specific 
examples of how work group involvement and engagement would be 
conducted in subsequent phases. 

4.6 Systemwide Investment Formulation (Phase 
3/4) 

From January 2011 to December 2011, DWR continued hosting workshops 
and briefings to interest-based groups, and California Native American 
Tribes. DWR also released a variety of CVFPP-related publications. 
Following is an overview of stakeholder meetings and outreach activities 
during Phase 3/4. 

4.6.1 Regional and Valleywide Forums 
No forums were held in Phase 3/4. 

4.6.2 Work Groups 
No work groups were formed in Phase 3/4. 

4.6.3 Workshops 
In January 2011, a workshop was held to release Version 4 of the Interim 
Levee Design Criteria (ILDC) (DWR, 2010l) and solicit comments for 
consideration in Version 5. 

Two CVFPP Technical Analyses Workshops were held in June 2011 to 
provide an overview of analyses supporting development of the State 
Systemwide Investment Approach, including evaluation methods and 
initial findings. The locations included Stockton and West Sacramento. 

In October 2011, DWR held two Webinars to present and brief work group 
members on the availability of the Central Valley Flood Protection Plan 
Summary – Working Draft for Work Group Member Review (DWR, 
2011c). These Webinars preceded the October 2011 release of the Central 
Valley Flood Protection Plan – Working Draft for Work Group Member 
Review (DWR, 2011d). Details of this document were discussed with 
CVFMP Program work group members during two November 2011 
workshops held in Stockton and Sacramento. Following these workshops, a 
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Webinar was held to receive input from stakeholders who were unable to 
attend the prior events. 

4.6.4 Briefings and Coordination 
In May 2011, Regional Work Group participants were invited to participate 
in two Webinar briefings.  These briefings brought attendees up to date 
with current planning activities and next steps. 

4.6.5 Legislative Outreach 
No legislative outreach occurred in Phase 3/4. 

4.6.6 Native American and Environmental Justice 
Outreach 

During this phase, DWR presented at the February 2011 Region 9 U.S. 
Environmental Protection Agency Regional Tribal Operations Committee 
meeting.  

4.6.7 Phase 3/4 Public Information 

Publications 
Newsletter  Four issues of FloodSAFE Focus were published (DWR, 
2010-–2011). 

Fact Sheets and Flyers 
A package of fact sheets on various topic areas applicable to the CVFPP 
were developed as part of the public release. 

Guides   No guides were developed during Phase 3/4. 

Posters   No posters were developed during Phase 3/4. 

Reports   The public draft Urban Levee Design Criteria was released 
(DWR, 2011e). The 2012 Central Valley Flood Protection Plan Summary 
– Working Draft for Work Group Member Review (DWR, 2011c) and the 
2012 Central Valley Flood Protection Plan – Working Draft for Work 
Group Member Review (DWR, 2011d) were released in October 2011. The 
Public Draft Flood Control System Status Report (DWR, 2011a) and the 
Public Draft 2012 Central Valley Flood Protection Plan (DWR, 2011f) 
were released in December 2011. 

Web Site and Multimedia 
Web Site   Materials continued to be posted to the program Web site 
throughout Phase 3/4. 
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Videos   Two public-awareness-oriented videos were developed during 
Phase 3/4: 

 Titled Overcoming the Deluge: California’s Plan for Managing Floods 
(WEF, 2011), the Water Education Foundation (WEF) public education 
video is a 27-minute documentary-style production geared to inform a 
lay audience of the history of flood threats in the Central Valley, and 
the State’s efforts to address these challenges. WEF developed the 
video as a subcontractor to the CVFMP Program. From a content 
perspective, DWR functioned as a resource for information and 
interview referrals, and confirmation of data selected by the producer 
for inclusion in the video. To conform to producer guidelines for the 
Public Broadcast System (PBS), DWR did not engage in any editorial 
advocacy or influence over WEF or the producer selected by WEF in 
the development of the video.  Therefore, the video was eligible to be 
shown on PBS stations in California. The program was broadcast three 
times during prime time on Sacramento PBS station KVIE in 
November 2011. Following this airing, the video was distributed to all 
other California PBS stations via satellite. 

 A second, 12-minute video was produced by WEF based on footage 
and content produced for Overcoming the Deluge: California’s Plan for 
Managing Floods (WEF, 2011). While this second video carried the 
same title, the video was developed to provide an abbreviated overview 
of the State’s efforts to address flood management challenges, threats 
and potential solutions. To differentiate each video, WEF incorporated 
video content and interviews into the second video that were not used 
in the documentary video. The second video was shown during the 
September 2011 Flood Management Association conference in San 
Diego. 

Webcasts and Webinars   In May 2011, the two Regional Work Group 
briefings were held via Webinar. 

In November 2011, two Webinars were held to present and receive 
comments on DWR’s release of the 2012 Central Valley Flood Protection 
Plan Summary–Working Draft for Work Group Member Review (DWR, 
2011c). 
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4.7 CVFPP Phase 3/4 Assessment and 
Stakeholder Assessment Executive 
Summary 

A CVFPP Phase 3/4 Assessment and Stakeholder Assessment Executive 
Summary is planned for development during the Board’s adoption process 
of the CVFPP. This report will be updated once the assessment and 
summary is completed. 

4.8 CVFPP Adoption Process 

The Board, with support by DWR, plans to conduct a series of public 
meetings and public hearings for adoption of the 2012 CVFPP and the 
Programmatic Environmental Impact Report (PEIR). This report will be 
updated during the Board adoption process. 
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5.0 Plan Companion Efforts 
While DWR used methods such as structured work groups, workshops, and 
public forums to obtain input and content that would assist in 2012 CVFPP 
development, efforts to produce two companion documents – the State 
Plan of Flood Control Descriptive Document (DWR, 2010a) and the Flood 
Control System Status Report (DWR, 2011a) – required much different 
engagement approaches. These content-rich documents relied heavily on 
extremely localized input, knowledge, and data, and historical knowledge 
and documentation. 

5.1 State Plan of Flood Control Descriptive 
Document 

For the State Plan of Flood Control Descriptive Document (DWR, 2010a), 
released November 2010, DWR worked with individual levee districts, 
reclamation districts, and other maintaining agencies, the Board, and 
USACE to obtain materials related to the purpose and origin of the State-
federal flood facilities under their management, including original and 
updated operations and maintenance manuals. 

The State Plan of Flood Control Descriptive Document (DWR, 2010a) was 
released for a 1-month public review and comment period in January 2010. 
Additionally, the Regional Conditions Work Groups were briefed on the 
State Plan of Flood Control Descriptive Document and invited to review it 
before DWR finalized the document. 

The Board provided comments on the draft document and posted the final 
draft to its Web site for electronic download in November 2010. 

5.2 Flood Control System Status Report 

To produce the Flood Control System Status Report (DWR, 2011a) – 
publicly released in December 2011 with the CVFPP – DWR engaged 
State, federal, and local agencies and landowners to gain a thorough 
understanding of the State-federal flood management system’s performance 
in the Sacramento and San Joaquin valleys. Many of the Flood Control 
System Status Report’s technical inputs were derived from on-the-ground 
inspections of flood management facilities, such as levees, in both urban 
and nonurban areas. In addition, DWR obtained historical data from State, 
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federal, and local agencies, and USACE and through interviewing local 
landowners. 

Before the public draft release of the Flood Control System Status Report 
(DWR, 2011a), DWR provided an administrative working draft version to 
nearly 100 agencies and organizations which have direct operations and 
maintenance responsibilities over SPFC facilities. This July 2011 release 
aimed to gather the most up to date information on facility conditions, and 
elicit detailed feedback on how accurately the draft document characterized 
the performance of these facilities. 

Coordinating with USACE to obtain data used in the Flood Control System 
Status Report (DWR, 2011a) was a critical component of the document 
development process. USACE also reviewed the report before it was 
released as a public draft. 
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6.0 Other Related FloodSAFE 
Efforts 

Although most of the outreach and engagement efforts supported 
development of the 2012 CVFPP, DWR also conducted outreach for 
several CVFPP-related programs and projects that are part of the broader 
FloodSAFE initiative. These activities stem from six legislative bills 
enacted in October 2007 to address statewide flood problems, including: 
assessing the capabilities of the Central Valley levee system; developing 
plans to better manage the flood protection system; and mandating that 
local planning efforts recognize the risks of flooding. These bills became 
effective January 2008 and collectively added or amended sections in the 
California Code, Health and Safety Code, Public Resource Code, and 
Water Code. Together, these bills outlined a comprehensive approach to 
improving flood management at the State, regional, and local levels. 

6.1 Building Standards Code Amendments 

Included in the flood legislation of October 2007 was a California Health & 
Safety Code requirement for DWR to propose updated requirements to the 
California Building Standards Code (Code). The requirements proposed for 
adoption and approval by the California Building Standards Commission 
(CBSC) are for construction in areas protected by facilities of the CVFPP 
where flood levels are anticipated to exceed 3 feet for the 200-year flood 
event. These proposed Code amendments were developed after DWR 
consulted with the Board, the Division of the State Architect, and the 
Office of the State Fire Marshal. 

To develop and direct the project until its completion, DWR formed a 
Building Codes Team (BCT) consisting of DWR staff, subject matter 
experts, and additional technical and facilitation support. 

As noted above, DWR was required to consult with specified State 
agencies.  To meet this requirement, the BCT convened a Technical 
Advisory Committee (TAC) to obtain input from stakeholder groups, 
including those agencies.  The TAC consisted of more than 20 State 
agencies and organizations from different sectors of the building industry 
(residential, commercial, industrial, public, and private development). 
Members were recruited to augment the expertise in the BCT by forming a 
coalition of broad building code and flood management expertise. TAC 
members contributed technical expertise and knowledge to assist the BCT 
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in developing the proposed code changes, and gave advice on strategy for a 
viable, acceptable rollout plan for proposed Code amendments. TAC 
members also encouraged to take part in public engagement meetings. The 
TAC was not chartered with approval authority, nor did it represent a 
consensus-seeking process. 

Public engagement meetings were held in January 2009, and later in the 
spring, to solicit input for the preliminary results of the investigation and, 
ultimately, the proposed CBSC update package. Multiple meetings were 
held in the Central Valley to facilitate broad participation of local agencies, 
interested parties, and individuals. 

The BCT incorporated comments from the TAC, the public, and DWR 
management and submitted its proposal package to the CBSC in July 2009. 

On August 11, 2009, the BCT met with the CBSC's Building, Fire & Other 
Code Advisory Committee (CAC), a meeting open to the public. The CAC 
advised DWR on package improvements.  DWR incorporated the CAC 
advice and public review comments and –following protocol – resubmitted 
a revised proposal package to CBSC in September 2009. The revised 
package was also provided to the public for a 45-day review period. 

During the public review period, comments were received only from the 
California Building Industry Association (CBIA). These comments, in 
short, agreed with DWR's proposed changes and requested that DWR 
clarify if the proposed changes to the California Residential Code were to 
be made in the code’s appendix. DWR concurred with CBIA and reissued 
the Express Terms regarding proposed updates to the California Residential 
Code. 

As a result of the transparent and collaborative process, the Building Code 
amendments were adopted on a unanimous vote. 

To prepare for a proposed second round of code amendments, a workshop 
and Webinar were held. The September 2010 workshop considered code 
issues that may impact children, seniors, and those with disabilities and 
focused on special access and functional needs before, during, and after a 
disaster.  To help prepare for the workshop and webinar, outreach was 
directed to advocates for the access and functional needs community, as 
well as building industry officials and industry specialists. 

As the need for additional Code amendments arises to meet requirements of 
the CVFPP and applicable sections of the Health and Safety Code or 
Residential Code, a staged work plan and additional public outreach will be 
needed to include stakeholder input is included in the amendment process. 
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6.2 Local Land Use Planning Handbook 

In cooperation with the Governor's Office of Planning and Research, 
California Department of Housing and Community Development, 
California Emergency Management Agency, Board, and California 
Geological Survey, DWR prepared a guidance document titled 
Implementing California Flood Legislation into Local Land Use Planning: 
A Handbook for Local Communities (Handbook) (DWR, 2010m). The 
Handbook describes how the flood risk management legislation affects city 
and county responsibilities related to local planning requirements, 
including general plans, development agreements, zoning ordinances, 
tentative maps, and other actions. 

The focus of the Handbook is identifying how the 2007 flood legislation 
related to local responsibilities affects cities and counties in implementing 
planning documents and tools such as general plans, zoning ordinances, 
development agreements, and subdivision maps, among others. The 
Handbook presents general guidance, identifies informational resources to 
help cities and counties develop locally relevant responses through 
obtaining applicable flood information, and notes appropriate agencies that 
can offer assistance. 

The Handbook does not attempt to define specific policy or other solutions 
for compliance related to local responsibilities and implementation of the 
2007 flood legislation. 

Before release, a focus group of stakeholders was provided with an 
overview and given the opportunity to review and suggest revisions.  As a 
result of this input, key sections were redrafted, and the Handbook was 
released, reflecting applicable stakeholder suggestions. 

Since the release of the award winning Handbook,3 DWR has provided 
briefings and more information to local jurisdictions, as requested. 

  

                                                           
3 The Handbook has earned a statewide award from the California chapter of the American 

Planners’ Association. 
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6.3 Flood Risk Notification 

In 2010, DWR completed the first annual distribution of more than 275,000 
notices to landowners, who collectively own more than 360,000 properties 
at risk of flooding from SPFC levees. Each flood risk notice identified the 
sources of potential flooding specific to the property and offered tips for 
the following: 

 Flood emergency planning and preparedness 

 Federal Emergency Management Agency’s (FEMA) National Flood 
Insurance Program 

 Preventing problems, such as keeping storm drains clear, and elevating, 
or flood-proofing, buildings 

Each notice also includes a thumbnail map of the levee flood protection 
zones in the Sacramento and San Joaquin valleys and a Web address where 
property owners can view flood risk by street address and other important 
information. 

These annual notices to property owners are a California Water Code 
requirement under Assembly Bill (AB) 156, which was passed with SB 5 
as part of the 2007 flood legislation. 

6.4 Flood Protection Criteria 

SB 5 of 2007 (i.e., California Government Code (CGC) Section 65007(l)) 
(CGC, 2010) defines the urban level of flood protection as the level of 
flood protection necessary to withstand flooding that has a 1 in 200 chance 
of occurring in any given year, using criteria consistent with, or developed 
by, DWR. Passage of the legislation obligates jurisdictions with land use 
authorities to use flood protection criteria before: 

 Entering into a development agreement for a property 

 Approving a discretionary permit/discretionary entitlement/ministerial 
permit that would result in construction of a new residence 
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 Under certain situations related to other applicable sections of law, 
approving a tentative map/parcel map for a subdivision in urban and 
urbanizing areas within flood hazard areas identified by FEMA.4  

For urban and urbanizing areas within flood hazard zones identified by 
FEMA, and protected by State-federal project levees in the Sacramento and 
San Joaquin valleys, the urban level of flood protection will be achieved by 
2025.  While cities and counties located outside the Sacramento and San 
Joaquin valleys are not required to make findings related to the urban level 
of flood protection, these criteria can help inform engineering and local 
land use decisions for areas at risk of flooding.  To assist local governments 
and pertinent State agencies in complying with legal requirements, DWR 
initiated a series of work groups and workshops to develop levee design 
criteria associated with 200-year levels of flood protection and related 
issues. 

6.4.1 Urban Level of Flood Protection Work Group 
In July 2011, DWR distributed draft criteria to work group members for 
demonstrating urban level of flood protection to provide specific criteria 
associated with the urban level of flood protection, as defined in CGC 
Section 65007(l) and California Water Code Section 9602(i) (CWC, 2008). 

DWR convened a work group consisting primarily of local government 
planners to obtain feedback on draft criteria and determine whether the 
criteria were comprehensive, provided a sufficient level of detail, and were 
implementable.  Members were required to have expertise in land use 
decision making and, while expertise in floodplain management was 
welcome, it was not required. 

In addition to local government representatives, DWR invited 
representatives from the California State Association of Counties, League 
of California Cities, California County Planning Directors Association, 
American Planning Association California Chapter, and Floodplain 
Management Association to participate in the work group.  FEMA, 
USACE, the Board, California Department of Housing and Community 
Development, Governor’s Office of Planning and Research, and California 
Emergency Management Agency were also invited to join the work group. 

                                                           
4 Requirements apply beyond 36 months after the Board’s adoption of the CVFPP, SB 5 of 

2007, which requires cities and counties in the Sacramento-San Joaquin Valley to either 
demonstrate the urban level of flood protection, impose conditions that will achieve the 
urban level of flood protection (e.g., elevate or flood proof structures, construct a levee), 
or demonstrate adequate progress toward providing the urban level of flood protection. 
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The work group met in May, June, and August 2011 to review draft 
criteria, identify major concerns, and provide recommendations for 
improving the criteria and accessibility of the document. 

6.4.2 Interim Levee Design Criteria 
As noted above, SB 5 of 2007 (i.e., CGC Section 65007(l)) defines the 
urban level of flood protection as the level of flood protection necessary to 
withstand flooding that has a 1 in 200 chance of occurring in any given 
year, using criteria consistent with, or developed by, DWR. 

Since 2007, DWR has developed three versions of the ILDC.  For the 
fourth version, DWR has convened a stakeholder work group in December 
2009, through the CVFMP Program, to help refine and supplement initial 
versions of the criteria.  Members consisted primarily of engineers 
representing levee and reclamation districts throughout the Central Valley, 
as well as representatives from FEMA, USACE, and the California 
Emergency Management Agency.  This approach allowed DWR to address 
complex technical and policy issues with representatives of those public 
agencies responsible for meeting legislative requirements.  DWR released a 
final Version 4 ILDC on December 20, 2010, followed by a public 
workshop in January 2011 and a public comment deadline of February 4, 
2011. 

6.4.3 Urban Levee Design Criteria 
In March 2011, DWR has reconvened the ILDC Work Group, expanded its 
membership, and renamed it the Urban Levee of Design Criteria (ULDC) 
Work Group. Based on recommendations from the California State 
Association of Counties and the Board, members new to the group included 
representatives of the San Francisco Bay Area and Los Angeles Basin.  
Members were charged with completing three tasks: 

 Review existing public and work group member comments on previous 
versions of the ILDC and advise how to best address the comments. 

 Provide additional comments and advice on a draft ULDC – including 
new issues that should be added – and, as appropriate, draft new text for 
the ULDC. 

 Provide comments on selected topics being discussed by the Urban 
Level of Protection Work Group. 

The ULDC Work Group was also asked to comment on urban levee 
vegetation criteria drafted for consideration by DWR and the California 
Roundtable for Central Valley Flood Management.  The ULDC Work 
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Group also coordinated its efforts with the Urban Level of Protection Work 
Group, the CVFMP Program, the DWR Levee Evaluations and Early 
Implementation Projects programs, and the Board’s revisions of Title 23 of 
the California Code of Regulations, which includes standards for levee 
construction on specifically identified streams throughout the Central 
Valley. 

The work group met five times between March and July 2011. 

6.4.4 Special ULDC Session on Levee Vegetation 
In June 2011, DWR hosted a special ULDC session on levee vegetation.  
As with its ILDC predecessor, the ULDC Work Group helped develop and 
comment on early drafts of levee design criteria involving levee vegetation.  
The purpose of the special session was to solicit feedback on specific issues 
about which DWR had requested detailed discussion.  These included 
environmental mitigation requirements, specifications for root distance, and 
minimum trunk diameter for trees to be removed or retained, and 
vegetation management on the waterside slope. 

6.5 Urban and Nonurban Levee Evaluations 

As part of its process to evaluate the structural integrity and performance of 
hundreds of miles of urban and nonurban levees in the Central Valley, 
DWR consulted with USACE, local maintaining agencies, and private 
landowners. 

The levee evaluation process, began in 2007, relies extensively on 
geotechnical, topographic, bathymetric, and other types of explorations. 
DWR has worked with numerous State, federal, and local experts to obtain 
historical records and data, including current levee system conditions and 
performance data. 

Input from local Central Valley stakeholders was particularly important for 
completing nonurban levee evaluations because there is limited or sparse 
documentation about the construction history, performance, and subsurface 
conditions of such structures. As part of the Urban Levee Evaluations 
(ULE) and Nonurban Levee Evaluations (NULE) projects, local agencies 
were actively engaged, including participating in interviews with 
maintenance personnel, meetings presenting initial findings, and meetings 
to review drafts of the preliminary results. Coordination with local agencies 
allowed the ULE/NULE teams to access and document extensive local 
knowledge of urban and nonurban levees. Coordination efforts also 
provided local stakeholders with an opportunity to provide input on initial 
ULE/NULE findings. DWR continues to use information obtained from 
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these efforts to help identify high priority areas for future investigation or 
remediation. 

Urban and nonurban levee evaluation activities provided information used 
for completing the Flood Control System Status Report (DWR, 2011a). 

6.6 Vegetation on Levees 

The failure of New Orleans levees during Hurricane Katrina due, in part, to 
engineering design and construction deficiencies spurred a massive 
reevaluation of national levee policies by USACE. After the reevaluation 
was completed, with a focus on improving levee standards and increasing 
public safety, USACE clarified national policy and expanded enforcement 
actions on existing policy.  A key enforcement action was application of a 
USACE policy that would, if stringently implemented, require substantial 
removal of vegetation from levees. 

The most recent descriptions of USACE vegetation management policy are 
contained in the Engineer Technical Letter (ETL) 1110-2-571, Guidelines 
for Landscape Planting and Vegetation Management at Levees, 
Floodwalls, Embankment Dams, and Appurtenant Structures (USACE, 
2009a) (adopted April 10, 2009), and the associated draft Policy Guidance 
Letter (PGL), Process for Requesting a Variance from Vegetation 
Standards for Levees and Floodwalls (USACE, 2009b) (Federal Register 
6364-68). 

On April 15, 2010, DWR and the California Department of Fish and Game 
submitted extensive comments on the above mentioned ETL and PGL. The 
agencies stated that the USACE vegetation management policy would 
reduce public safety in California and result in extensive and unnecessary 
environmental damage if implemented as directed by USACE. 

The agencies further noted that noncompliance with the USACE vegetation 
policies allowed the federal government to withhold its resources to assist 
State and local maintaining agencies in their efforts to establish the 
integrity of State/federal levees in California. 

California agrees with USACE that public safety is the highest priority for 
flood management. California further agrees on the importance of 
appropriate vegetation management on levees. However, despite these 
shared views, California asserts that USACE’s strict enforcement of the 
ETL and PGL will adversely impact public safety. It is the State’s 
viewpoint that while USACE’s prescriptive approach to vegetation 
management can be applied in certain settings, its universal application is 
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inconsistent with numerous technical, financial, legal, and institutional 
factors. 

6.6.1 Roundtable 
In 2007, the California Levees Roundtable was established.  Using a 
collaborative process that included USACE, the California Levee 
Roundtable created the California Central Valley Flood System 
Improvement Framework (California Levee Roundtable, 2009).  This 
document provided temporary exemptions from ETL compliance for 
legacy levees in the Central Valley and committed USACE, the State of 
California, and DWR to ongoing collaboration on a long-term plan.5 

This State/federal coordination coincided with USACE strictly enforcing 
the ETL on existing and new levees nationally, as well as for levee 
improvement projects in California in 2009. In 2010, USACE proposed an 
updated draft of its vegetation variance process by issuing a draft PGL 
(described above and being contested by the State). 

6.7 Delta Programs 

During the initiation of Regional Work Groups for the CVFPP, Delta 
stakeholders requested that DWR increase efforts to coordinate with Delta 
agencies and programs as part of its responsibility to develop a flood 
management plan for the Central Valley.  California Natural Resources 
Agency Secretary Mike Chrisman distributed a memorandum on October 
7, 2009, to participants and stakeholders in the Bay-Delta Conservation 
Plan (BDCP) and FloodSAFE programs, outlining a series of coordination 
actions, commitments, and integrated planning principles. Included in the 
memorandum was a commitment to conduct regular joint public workshops 
with executive and policy representatives of major related agency 
initiatives. 

Based on the memo, DWR’s Division of Flood Management, through 
FloodSAFE and in conjunction with USACE, contacted agency staff 
                                                           
5 As noted earlier, the State is engaged in an aggressive 25-year program, the FloodSAFE 
initiative, to upgrade its flood management system, and the CVFPP will prepare strategies 
for implementing comprehensive systemwide improvements. Under the framework, 
USACE allowed California to maintain Public Law 84-991 eligibility for its levees and 
remain active in the Public Law 84-99 program. This enables the State to continue 
receiving federal levee rehabilitation assistance in the event of a flood – if the State is 
demonstrating positive progress and meeting the milestones of achieving the framework’s 
short-term goals and maintenance objectives. This Public Law 84-99 eligibility shall be 
reviewed annually for renewal in  accordance with USACE policy and remain in effect 
until 2012, at which time the eligibility criteria will be reconsidered based on the contents 
of the CVFPP. 
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responsible for implementing a variety of flood, water supply, and 
ecosystem management programs, projects, plans, and studies. These 
included the following: 

 DWR – BDCP and Delta Habitat Conservation and Conveyance 
Program; CVFMP Program; Delta Emergency Operations Plan; Delta 
Knowledge Improvement Program; Delta Levees Maintenance 
Subventions Program; Delta Levees Special Flood Control Projects; 
and Delta Risk Management Strategy. 

 Delta Stewardship Council – Delta Plan (Delta Stewardship Council, 
2011) 

 USACE – CALFED Bay-Delta Program Levee Stability Program; 
Central Valley Integrated Flood Management Study; and Delta Islands 
and Levees Feasibility Study. 

Through this outreach, the agencies have exchanged information on the 
purposes of the activities in the above list. Topics shared during this 
exchange included program/project-level integrated water management 
goals; major actions/tools to address the goals; program type and key 
milestones; and assumed critical dependencies with other programs and 
their coordination priorities. 
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7.0 Coordination Activities 
Many of the coordination and engagement activities detailed in this 
document are described in terms of when they occurred during the roughly 
4-year period DWR devoted to preparing for and producing the 2012 
CVFPP. This section of the report also details coordination to produce the 
2012 plan, but is organized by the internal and external partners with whom 
DWR worked during 2012 CVFPP preparation. 

7.1 External Partners 

To design and execute its vision for preparing the 2012 CVFPP and related 
documents, DWR worked with public agencies and elected officials at all 
levels of government, with local agencies responsible for maintaining the 
SPFC, and with California Native American Tribes and Tribal 
organizations, as detailed below. 

7.1.1 U.S. Army Corps of Engineers 
As noted in Sections 3 and 4, and elsewhere in this report, USACE was one 
of DWR’s key partners, providing input, information, and guidance for the 
2012 CVFPP and related documents. USACE’s involvement included the 
following: 

 Input to the Framework via participation in stakeholder interviews 

 Participation in work groups and workshops 

 Attendance at periodic plan development team meetings 

 Review of CVFPP management actions 

 Input to and review of the Flood Control System Status Report (DWR, 
2011a) and State Plan of Flood Control Descriptive Document (DWR, 
2010a). 

Additionally, DWR is currently assisting USACE as it undertakes its 
Central Valley Integrated Flood Management Study (CVIFMS). DWR and 
the Board will jointly implement the CVIFMS as nonfederal sponsors. 
Scheduled to be completed in 2017, this program-level feasibility study 
will complement the CVFPP. 
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7.1.2 Central Valley Flood Protection Board 
Because the Board is the entity ultimately responsible for reviewing and 
adopting the 2012 CVFPP, DWR sought input from Board often, as is 
noted elsewhere in this report. As with USACE, communication with 
Board representatives and staff was open and ongoing throughout the 
CVFPP development process, but also included the following specific 
elements: 

 Input to the Framework via participation in stakeholder interviews 

 Participation in work groups and workshops 

 Review of CVFPP management actions, the Flood Control System 
Status Report (DWR, 2011a), and the State Plan of Flood Control 
Descriptive Document. (DWR, 2010a) 

 Periodic briefings from DWR management and staff during regular 
Board meetings or meetings specifically scheduled to review plan 
development progress 

7.1.3 Maintenance Agencies 
These local agencies are tasked with on-the-ground maintenance of SPFC 
facilities. Their feedback and input was critical in helping DWR understand 
the full range of challenges associated with addressing floods in the Central 
Valley and identifying specific strategies or projects that may be 
compatible with their local operations. As noted in the chapters above, this 
involvement also included elements such as the following: 

 Input to the Framework via participation in stakeholder interviews 

 Participation in work groups and workshops 

 Providing historical documents and data for use in the Flood Control 
System Status Report (DWR, 2011a), and the State Plan of Flood 
Control Descriptive Document (DWR, 2010a) 

 Targeted review of the draft Flood Control System Status Report 
(DWR, 2011a) 

7.1.4 State and Federal Legislature 
The CVFMP Program team worked closely with DWR liaisons to the State 
Legislature and members of Congress to inform Central Valley members of 
the California State Legislature and California Congressional Delegation 
about development of the CVFPP throughout the process. 
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The following strategies were used to inform elected officials: 

 Delivery of CVFPP Progress Reports to appropriate Capitol 
offices/District offices with a cover memorandum from the Division of 
Flood Management (DFM). 

 E-mail memorandum to each member at the launch of the program and 
each year following. The e-mail provided an update about the CVFMP 
Program and invited legislative staff to a DWR-sponsored briefing. 

 Two briefings conducted at the State Capitol for staff of the State 
Legislature. One briefing was held in January 2010, and the second 
briefing was held in February 2011.  The purpose of briefing legislative 
staff was to inform that each member’s office about the progress of the 
CVFPP development and the extent of engagement by constituents in 
respective legislative districts in developing the CVFPP. The briefings 
also were an opportunity for DWR to provide general FloodSAFE 
updates to the Legislature. 

 A briefing is also planned for early 2012 to coincide with the release of 
the CVFPP to the Board. District staff to California’s Congressional 
Delegation will be invited to join State Legislature staff at the 2012 
briefing. 

7.1.5 Local Jurisdictions 
DWR representatives made regular presentations in 2009 and 2010 about 
the CVFMP to the boards of supervisors, key city councils, and regional 
flood planning agencies of Central Valley counties. The purpose of these 
briefings was to inform jurisdictions about the progress of CVFPP 
development and the extent of engagement by constituents in developing 
the CVFPP.  A three-step process was used to conduct briefings to local 
jurisdictions: 

1. Meetings were held with city, county, and regional agency flood 
planning staff in advance of meeting with elected officials. 

2. Briefings were offered to the chair of the boards of supervisors and 
mayors in key cities. In most cases, these briefings were conducted via 
telephone. 

3. Presentations were made at regularly scheduled (public) meetings of the 
board of supervisors and at a few city council meetings.  Presentations 
included an overview of FloodSAFE, the CVFMP Program, and the 
status of the CVFPP. 
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7.1.6 Native American Tribes 
California Native American Tribes and Tribal organizations are key 
potential partners in FloodSAFE, the CVFMP Program, and other related 
efforts. CVFMP Program efforts to engage California Native American 
Tribes in planning activities focused on establishing two-way 
communication channels and cultivating working relationships with Tribes 
and tribal organizations that have a direct, historical, or cultural interest in 
the Systemwide Planning Area. 

As part of this outreach, DWR developed a comprehensive Tribal Contacts 
Database of tribes throughout the Central Valley and upper watersheds, and 
of related Tribal organizations. This area was divided into three geographic 
sections or “tiers.” Tier 1covers lands that receive flood protection from 
facilities of the SPFC and the Systemwide Planning Area. Tier 2 adds all 
lands within the watershed. Tier 3 includes lands that extend beyond the 
watershed. A fourth tier was created for Tribal organizations. The overall 
Tribal Contacts Database includes more than 160 California Native 
American Tribes and Tribal organizations. 

The division of tribes into “tiers” was intended to identify potential plan 
development participants based on a direct (i.e., lands subject to Central 
Valley flooding) or indirect (e.g., historical or cultural) association with 
flood management planning applicable to the 2012 CVFPP. Tier 1 Tribes 
were seen as outreach priorities because these Tribes own and occupy lands 
that receive flood protection from facilities of the SPFC and are within the 
Systemwide Planning Area. Tier 2 Tribes were notified of planning activity 
and invited to participate if they had a historical or cultural interest in the 
Sacramento and San Joaquin rivers, based on their geographic proximity. 
Tier 3 Tribes were informed of planning progress through e-mail. Ongoing 
relationships were achieved with more than 40 Tribes and Tribal 
organizations. Introductory and program update fact sheets were designed 
specifically for the Native American community and distributed to Tier 1, 
2, and 4 contacts in coordination with DWR’s Tribal Liaison. This outreach 
resulted in 17 presentations to Tribal councils and Tribal organizations in 
Phases 1 and 2 (see Table 7-1) by DWR Regional Coordinators. 

This outreach contributed to the participation of four Tribes – Colusa 
Indian Community Council, Mechoopda Indian Tribe, Upper Lake 
Rancheria, and the Wintu Tribe – in technical planning activities. 

Native American attendees at briefings generally were receptive to and 
appreciative of the presentations. While some Tribes became active 
planning participants, others expressed skepticism about flood management 
planning in California. Native American representatives at the briefings 
often suggested that State flood management planning efforts would benefit 
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greatly from coordination with Native American efforts to manage 
upstream watersheds. Additional key areas of interest included the 
following: 

 Impact of flood management activities on sensitive sites, such as burial 
grounds, and on water storage levels. 

 Role of tribes outside the Systemwide Planning Area. 

 Role of the federal government and other jurisdictions. 

 Availability of funding support for tribal flood management and 
planning projects. 

Tribal interests not applicable to Central Valley flood management 
planning – either geographically or by subject matter – were referred to 
DWR’s Tribal Liaison for follow-up. 

Table 7-1.  CVFMP and CVFPP Briefings for California Native American 
Tribes and Tribal Organizations 

Tribe/Tribal Organization Briefing Date 
Inter-Tribal Council of California October 31, 2009 
California Indian Basket Weavers Association December 5, 2009 
Northern Circle Indian Housing Authority January 9, 2010 
Hinthil Environmental Resources Consortium January 13, 2010 
North Fork Mono Tribe January 14, 2010 
California Rural Indian Health Board, Inc. January 22, 2010 
Cortina Indian Rancheria March 11, 2010 
Inter-Tribal Council of California General Counsel March 20, 2010 
Sacramento Native American Health Coalition April 7, 2010 
Bureau of Indian Affairs April 13, 2010 
Redding Rancheria May 11, 2010 
Chowchilla Tribe of North Valley Yokuts June 29, 2010 
Grindstone Rancheria July 11, 2010 
Nashville-Eldorado Miwok Tribe July 11, 2010 
Wintu Tribe of Northern California August 26, 2010 
California Manpower Indian Consortium November 6, 2010 
U.S. Environmental Protection Agency Region 9 
Regional Tribal Operations Committee Meeting February 9, 2011 

Key: 
CVFMP = Central Valley Flood Management Planning Program 
CVFPP = Central Valley Flood Protection Plan 
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7.2 Internal Partners 

To support successful development of the 2012 CVFPP, the team worked 
collaboratively with all related DWR divisions.  In particular, the 
FloodSAFE Environmental Stewardship and Statewide Resources Office 
(FESSRO) Staff, Regional Coordinators, Legal and Legislative Affairs 
Offices, and Executive Team were essential partners in plan preparation.  
Participation ranged from regular briefings and joint team meetings to 
weekly attendance at Plan Development Team sessions. 

7.2.1 Intradepartmental 
To promote policy and technical consistency and improve coordination 
among and across all programs, a series of Functional Area Cross 
Coordination Teams (FAXCT) were developed.  These teams meet on a 
regular basis (with additional meetings scheduled, as required) to support 
ongoing communication and improve opportunities to leverage the work of 
all the programs and operations. 

Eight FAXCT groups were engaged during the planning cycle with two 
additional FAXCT groups planned.  Following is a summary of the 
coordination structure. 

FAXCT-1: Communication and Engagement 
This group is charged with guiding, coordinating, and managing effective 
and strategic communication and engagement activities for successful 
implementation of FloodSAFE programs and projects. 

FAXCT-2: Emergency Response 
This group is responsible for DFM being continuously ready to respond to 
flood emergencies and to coordinate all information needs. 

FAXCT-3: Flood Models Analysis and Dissemination 
This group facilitates coordination within FloodSAFE to identify and share 
information about the different needs and types of hydrologic and hydraulic 
models being used and developed.  The group also oversees a data and 
model repository that allows information to be distributed to government 
agencies and public. 

FAXCT-4: Flood Management Planning and Conservation Strategy 
The group provides overall coordination within FloodSAFE to establish 
DWR’s organizational sponsorship for the CVFPP.  Activities include 
coordinating and allocating resources for CVFPP content development and 
reviewing CVFPP products.  The group also monitors CVFPP development 
progress and accomplishments for consistency with FloodSAFE 
implementation strategies and milestones.  A key responsibility of this 
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FAXCT is providing guidance on strategy and policy and facilitating 
integration of regional projects and activities into the CVFPP systemwide 
approach and evaluation. 

FAXCT-5: Operations and Maintenance and Environmental 
Stewardship 
This group facilitates coordination within FloodSAFE to improve the 
quality and consistency of inspections and operations and maintenance of 
flood facilities statewide.  This group is also tasked with establishing a 
sustainable and strategic investment process and facilitating a continuous 
open and collaborative dialogue with operators and maintainers of SPFC 
facilities, USACE, the Board and other key stakeholders. 

FAXCT-6: Delta Programs 
This FAXCT has not been activated yet. 

FAXCT-7: Flood Risk Assessment 
This group facilitates the development of consistent policies and 
standardized approaches for conducting flood risk assessments.  It also 
seeks to maximize the usefulness and efficiency of FloodSAFE flood risk 
assessments, and is tasked with review and comment on proposed and final 
technical study results. 

FAXCT-8: Floodplain Management 
This group supports development of consistent plans, programs, principles, 
and policies for implementing floodplain management practices within 
FloodSAFE.  It also coordinates and communicates DWR floodplain 
management policies and programs across the FloodSAFE functional areas. 
An additional task is commenting on proposed and final floodplain 
management plans and related activities within FloodSAFE implementation 
plans. 

FAXCT-9: Regional Projects 
This group creates and implements the process for Flood Risk Reduction 
projects and programs for urban and rural areas. The group uses a multi 
objective, systemwide approach.  Activities include developing processes 
for participating or conducting State, federal, and local managed studies, 
projects, and programs. 

FAXCT-10: Flood and Water Management and Statewide Planning 
This FAXCT has not yet been activated, but is expected to assist in 
integrating Statewide Flood Management Program activities into 
FloodSAFE and DFM programs. 

Where appropriate, members of USACE planning teams and Board staff 
may also participate in the FAXCT meetings. 
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9.0 Acronyms and Abbreviations 
AB .............................. Assembly Bill 

BCT ........................... Building Codes Team 

BDCP ........................ Bay Delta Conservation Plan 

Board  ........................ Central Valley Flood Protection Board 

CAC ........................... Code Advisory Committee 

CBIA .......................... California Building Industry Association 

Code .......................... California Building Standards Code 

CBSC ........................ California Building Standards Commission 

CEQA ........................ California Environmental Quality Act 

CVFMP ...................... Central Valley Flood Management Planning 

CVFPO ...................... Central Valley Flood Planning Office 

CVFPP ...................... Central Valley Flood Protection Plan 

CVIFMS ..................... Central Valley Integrated Flood Management Study 

DFM ........................... Division of Flood Management 

DHCCP ...................... Delta Habitat Conservation and Conveyance 
Program 

DWR .......................... California Department of Water Resources 

ETL ............................ Engineer Technical Letter 

FAXCT ....................... Functional Area Cross Coordination Teams 

FEMA ........................ Federal Emergency Management Agency 

FESSRO .................... FloodSAFE Environmental Stewardship and 
Statewide Resources Office 

FloodSAFE ................ FloodSAFE California 

Framework ................ Communication and Engagement Framework 

GC ............................. Government Code 

Handbook  ................. Implementing California Flood Legislation into Local 
Land Use Planning: A Handbook for Local 
Communities 

IAP2 ........................... International Association of Public Participation 

ILDC .......................... Interim Levee Design Criteria 

NOP ........................... Notice of Preparation 
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NULE ......................... Nonurban Levee Evaluations Project 

O&M .......................... operations and maintenance 

PBS ........................... Public Broadcast System 

PEIR .......................... Program Environmental Impact Report 

PGL ........................... Policy Guidance Letter 

RCWG ....................... Regional Conditions Work Group 

RMAWG..................... Regional Management Actions Work Group 

SB .............................. Senate Bill 

SPFC ......................... State Plan of Flood Control 

State .......................... State of California 

TAC ........................... Technical Advisory Committee 

ULDC ......................... Urban Levee Design Criteria 

ULE ............................ Urban Levee Evaluations Project 

USACE ...................... U.S. Army Corps of Engineers 

WEF ........................... Water Education Foundation 
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Appendix A 
Central Valley Flood Management Planning Program 
Questions for Interviews with Partners and Interested 
Parties 

DRAFT: January 16, 2009 

Interviewer Script 

Introduction 
Thank you for talking/meeting with me today. First of all, let’s take care of 
some housekeeping issues. 

1. You were selected to be interviewed because you represent an 
organization/agency that has a stake in California flood management, or 
because you have been personally active in this arena.  You are one of 
approximately 100 people that we are listening to this month to gather 
input about communication and engagement strategies so that an 
effective public engagement plan can be developed to support the 
development of the Central Valley Flood Protection Plan. 

2. As I mentioned when we scheduled this call, it will take between 45 
minutes and one hour. I’d like to confirm how much time you have 
available for this discussion.  (Wait for response. Interviewer must 
moderate the discussion accordingly.) 

3. This interview will be a conversation rather than a strict poll-like 
survey, so please feel free to respond to my questions accordingly. 

4. Your responses will be anonymous unless you specifically state that we 
can quote you. 

5. If you have questions along the way that I’m unable to answer, I will 
forward them to Chris McCready, the Department of Water Resources 
FloodSAFE public information coordinator. She will make sure the 
right person answers the question and I will get the response back to 
you within a few days.  Of course, if you have comments or questions 
you would like to discuss with Chris, you may contact her directly. 
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Background 
The goal of the Central Valley Flood Management Planning Program is to 
improve understanding among the Central Valley’s public agencies and 
constituent groups about the objectives related to flood management and 
our shared flood risk; evaluate and describe the current Central Valley 
flood management system status; and to identify potential for integrated 
and sustainable flood management solutions. This will be accomplished in 
part by receiving substantial input from local and regional public agencies, 
businesses and other interested parties in a participatory process. 

The Central Valley Flood Management Planning Program is a part of 
FloodSAFE California—a statewide effort supported by voter-approved 
bonds.  The California Department of Water Resources is leading the 
Program, with active participation by USACE and the Central Valley Flood 
Protection Board. 

The major responsibilities of the Central Valley Flood Management 
Planning Program include: 

 Describing the existing facilities and current performance of the state-
federal flood management system in the Central Valley. 

 Working with partners and interested parties to prepare a sustainable 
integrated flood management plan.  This plan will inform future state, 
federal, and local investments in flood management actions and will 
describe a long-term strategy to help manage flood risk and accomplish 
other related flood management objectives in the Central Valley. 

 Supporting state and local agencies in developing funding mechanisms 
to finance local flood management responsibilities, and providing 
assistance for complying with other specific mandates in the water 
code. 

All of these tasks will require active communication and engagement with 
partners and interested parties throughout the process.  This interview is 
intended to be an initial dialogue in which we hear your thoughts on the 
best ways for us to structure communication and engagement so that the 
Central Valley Flood Management Planning Program will be successful. 

As I mentioned earlier, the Department of Water Resources will use the 
information gathered in these interviews to help develop a communications 
and engagement plan to support the Central Valley Flood Management 
Planning Program. This communications and engagement plan will be 
publicly available via the FloodSAFE Web site within a few months. 
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Question Intent of Question 
What involvement do you currently have in activities 
relating to water resource management or flood 
management? 

Understand background and relevant experience, and 
how those experiences may shape their expectations for 
the CVFMP Program. 

How familiar are you with the Central Valley Flood 
Management Planning Program? 

Gather baseline information and help define necessary 
educational activities. 

How would you define success for the effort to describe 
the state’s existing flood management system and make 
recommendations for future improvements? 

Understand whether partner’s ideal flood management 
outcome is consistent with the goals and objectives of the 
CVFMP Program. 
Identify any disconnects between what the CVFMP 
Program is supposed to do and what partners may be 
expecting it to do. 

What would you consider the biggest challenge in flood 
management in your local area? In the Central Valley? 

Understand perception of challenges, without initiating a 
conversation regarding specific solutions. 

Active participation by partners and interested parties is 
critical to the success of this effort.  Here are examples of 
how this participation could occur: 
 Regular convening of a valley-wide forum with 

participation from diverse interests and regions to 
provide input on the “big picture.” 

 Regular meetings of regional planning groups, for 
example in the Sacramento, San Joaquin and Delta 
areas, to provide input on regional issues. 

 Meetings of interested parties to address specific 
topics, such as maintaining protection in rural areas, 
ecosystem health or climate change. 

Receive input on key expected components of the 
Communications and Engagement Plan. 

What do you think of the examples for public participation 
that I just described? 
How do you see yourself or your organization/agency 
being involved? 
If necessary, prompt with: 
Actively involved in developing content during the 
planning process on a month-to-month basis? 
As an expert reviewer on key topics? 
As a reviewer only at key milestones? 
If appropriate, prompt with the following: 
Can you tell me now who from your  
organization is likely to participate in this effort? 
Can I follow up with you later to learn more about you or 
your organization’s interest in participating? 

Understand their key area of interest, their expected level 
of participation and their organization’s participation. 

Do you have any recommendations about how we can 
motivate partners and interested parties to remain 
actively engaged in the process? 

Hear from them directly what will help them stay 
engaged. 

Which other organizations or people should be involved 
in this process?  Is there anyone else whom we should 
interview? 

Non-positional way of learning who the partner views as 
important; gather information to expand the partner and 
interested parties database. 
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Question Intent of Question 
How would you like to receive information about the 
Central Valley Flood Management Planning Program in 
the future?  Will you inform your organization/colleagues 
that we will provide them information about this effort? 

Help ensure smooth communication; determine 
communications preferences. 

Can you suggest any newsletters, Web sites, forums or 
other existing communication channels that should 
receive information about this effort? 

Expand the CVFMP Program communication channels. 

Is there anything else that you’d like us to know? Gather unsolicited information. 
Do you have any questions for me? Maintain open channels of communication. 
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Appendix B 
Table B.  Comprehensive List of Stakeholders 

Category Organization 
Consulting AMEC Geomatrix 

Flood Management American River Flood Control District 

Recreation American River Recreation Association 

Nonprofit American River Watershed Institute 

Environmental American Rivers 

Agriculture Amistad Ranches 

Consulting Arcadis 

Academic/Scientific Arizona Water Institute 

Environmental Audubon Society 

Environmental Bay Institute 

Environmental Big Chico Creek Watershed Alliance 

Flood Management Brannan-Andrus Levee Maintenance District 

Consulting Brown and Caldwell 

Business Building Industry Association 

Govt. – Federal Bureau of Reclamation 

Business Burlington-Northern-Santa Fe Railroad 

Govt. – Local Butte County 

Govt. – Local Butte County Environmental Health 

Agriculture Butte County Farm Bureau 

Govt. – Local Butte County Public Works 

Govt. – Local Butte County Resource Conservation District 

Environmental Butte Creek Conservancy 

Govt - State CALFED Bay-Delta Program 

Govt - State CalFire 

Govt - State California Air Resources Board 

Flood Management California Central Valley Flood Control Association 

Business California Chamber of Commerce 

Recreation California Department of Boating and Waterways 

Govt - State California Department of Conservation 

Govt - State California Department of Education 
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Table B.  Comprehensive List of Stakeholders (contd.) 
Category Organization 

Govt - State California Department of Fish and Game 

Govt - State California Department of Food and Agriculture 

Govt - State California Department of Parks and Recreation 

Govt - State California Department of Transportation 

Govt - State California Emergency Management Agency 

Academic/Scientific California Extreme Precipitation Symposium 

Agriculture California Farm Bureau Federation 

Tribal California Indian Basket Weavers 

Tribal California Indian Heritage Council 

Tribal California Manpower Indian Consortium 

Business California Manufacturers and Technology Association 

Agriculture California Partnership for the San Joaquin Valley 

Govt. – State California Regional Water Quality Control Board 

Agriculture California Rice Commission 

Govt. – Local California Riparian Habitat Joint Venture 

Tribal California Rural Indian Health Board, Inc. 

Recreation California Sport Fishing Protection Alliance 

Govt. – Local California State Association of Counties 

Govt. – State California State Coastal Conservancy 

Business California Truckers Association 

Academic/Scientific California Water Institute – California State University Fresno 

Recreation California Waterfowl Association 

Agriculture California Women for Agriculture 

Consulting CBEC Inc. 

Water Supply Central California Irrigation District 

Water Supply Central Delta Water Agency 

Govt. – State Central Valley Flood Protection Board 

Govt – Local Central Valley Habitat Joint Venture 

Consulting CH2M Hill 

Tribal Chowchilla Tribe of North Valley Yokuts 

Water Supply Chowchilla Water District 

Govt. – Community City of Benicia 

Govt. – Community City of Chico 

Govt. – Community City of Colusa 

Govt. – Community City of Elk Grove 
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Table B.  Comprehensive List of Stakeholders (contd.) 
Category Organization 

Govt. – Community City of Firebaugh 

Govt. – Community City of Folsom 

Govt. – Community City of Galt 

Govt. – Community City of Hamilton City 

Govt. – Community City of Isleton 

Govt. – Community City of Lathrop 

Govt. – Community City of Lodi 

Govt. – Community City of Manteca 

Govt. – Community City of Mendota 

Govt. – Community City of Modesto 

Govt. – Community City of Patterson 

Govt. – Community City of Rio Vista 

Govt. – Community City of Ripon 

Govt. – Community City of Sacramento 

Govt. – Community City of Stockton 

Govt. – Community City of Tehama 

Govt. – Community City of West Sacramento 

Govt. – Community City of Woodland 

Nonprofit Climate Central 

Flood Management Colusa Basin Drainage District 

Elected  Colusa County Board of Supervisors 

Agriculture Colusa County Farm Bureau 

Govt. – Local Colusa County Planning Department 

Environmental Colusa County Resource Conservation District 

Tribal Colusa Indian Council 

Consulting Conaway Preservation Group LLC 

Govt. – Local Contra Costa County 

Elected  Contra Costa County Board of Supervisors 

Flood Management Contra Costa Flood Control District 

Tribal Cortina Indian Rancheria 

Consulting DCC Engineering 

Environmental Deer Creek Conservancy 

Govt. – Local Delta 5 Counties Coalition 

Govt. – Local Delta Protection Commission 

Agriculture Deseret Farms of California 

Consulting Downey Brand LLP 

Environmental Ducks Unlimited 



2012 Central Valley Flood Protection Plan 
Attachment 5: Engagement Record 

B-4 December 2011 
 Public Draft 

Table B.  Comprehensive List of Stakeholders (contd.) 
Category Organization 

Govt. – Local East Bay Municipal Utility District 

Agriculture East San Joaquin Water Quality Coalition 

Environmental El Dorado County and Georgetown Divide Regional Conservation 
District 

Business Elliott Homes 

Consulting ENGEO 

Environmental Environmental Defense Fund 

Environmental Environmental Justice Coalition for Water 

Agriculture Families Protecting the Valley 

Water Supply Family Water Alliance 

Flood 
Management Floodplain Management Association 

Elected  Fresno County Board of Supervisors  

Agriculture Fresno County Farm Bureau 

Govt. – Local Fresno County Planning & Public  Works 

Flood Control Fresno Metropolitan Flood Control District 

Recreation Fresno Trap and Skeet Club 

Water Supply Friant Water Users Authority 

Environmental Friends of the River 

Consulting GEI Consultants 

Agriculture Glenn Colusa Irrigation District 

Elected  Glenn County Board of Supervisors 

Govt. – Local Glenn County Department of Agriculture 

Flood Control Glenn County Levee District 1 

Flood Control Glenn County Levee District 2 

Govt. – Local Glenn County Planning & Public Works Agency 

Govt. – Local Glenn County Water Advisory Committee 

Tribal Grindstone Rancheria 

Tribal Habematolel Pomo of Upper Lake 

Tribal Hinthil Environmental Resource Consortium 

Nonprofit Hospital Council of Northern and Central California 

Consulting ICF International 

Environmental Institute for Ecological Health 

Tribal Inter-Tribal Council of California 

Consulting Kimley-Horn and Associates, Inc. 

Environmental Kings River Conservation District 

Consulting Kjeldsen, Sinnock, and Neudeck 
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Table B.  Comprehensive List of Stakeholders (contd.) 
Category Organization 

Consulting Kleinfelder Inc. 

Flood 
Management Knights Landing Ridge Drainage District 

Consulting KSN Inc. 

Water Supply Lake County Flood Control District 

Flood 
Management Lake County Water Resources Association 

Agriculture Lang Farm 

Agriculture Larrabee Farms 

Water Supply Lathrop Irrigation District 

Nonprofit League of Women Voters 

Environmental Low Flow Alliance 

Flood 
Management Lower San Joaquin Levee District 

Flood 
Management Lower Yolo Bypass Planning Forum 

Consulting Lumos and Associates 

Agriculture M&T Ranch 

Elected  Madera County Board of Supervisors 

Elected  Madera County Board of Supervisors 

Govt. – Local Madera County Resource Management Agency 

Govt. – Local Madera County Water Advisory Commission 

Agriculture Madera Farm Bureau 

Water Supply Madera-Chowchilla Water & Power Authority 

Agriculture Mapes Ranch 

Tribal Mechoopda Indian Tribe 

Agriculture Merced Council for the Central Valley Farmland Trust 

Govt. – Local Merced County Association of Governments 

Govt. – Local Merced County Public Works 

Flood Control Merced County Streams Group 

Water Supply Merced Irrigation District 

Water Supply Metropolitan Water District of Southern California 

Environmental Mill Creek Conservancy 

Tribal Nashville-Eldorado Miwoks Tribe 

Nonprofit Natural Heritage Institute 

Environmental Natural Resources Defense Council 

Environmental Natural Resources Institute 

Consulting Newfields 

Govt. – Federal NOAA - National Marine Fisheries Service 
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Table B.  Comprehensive List of Stakeholders (contd.) 
Category Organization 

Environmental North Delta CARES 

Tribal North Fork Mono Tribe 

Consulting North Star Engineering 

Environmental Northern California Conservation Planning Partners 

Agriculture Northern California Water Association 

Tribal Northern Circle Indian Housing Authority 

Elected  Office of California Assemblyman Logue 

Elected  Office of California Assemblyman Yamada 

Elected  Office of California Senator Aanestad 

Elected  Office of U.S. Representative Cardoza 

Elected  Office of U.S. Representative Matsui 

Business Pacific Coast Federation of Fishermen’s Associations 

Business Pacific Gas and Electric 

Consulting Phillip Williams & Associates 

Flood 
Management Placer County Flood 

Nonprofit Planning and Conservation League 

Recreation Point Reyes Bird Observatory Conservation Science 

Consulting Praxis Consulting Group Inc. 

Consulting PWA, Ltd. Environmental Hydrology & Geomorphology 

Recreation Recreational Boaters of California 

Tribal Redding Rancheria 

Nonprofit Restore Americas Estuaries 

Environmental Restore the Delta 

Elected  Rio Vista City Council  

Environmental Riparian Habitat Joint Venture 

Agriculture River Garden Farms Co. 

Environmental River Islands 

Nonprofit River Partners 

Consulting Roberts ECP 

Nonprofit S.D. Bechtel, Jr. Foundation 

Flood 
Management Sacramento Area Flood Control Agency 

Elected  Sacramento City Council 

Govt. – Local Sacramento County Department of Water Resources 

Govt. – Local Sacramento County Municipal Services Agency 

Business Sacramento Metropolitan Chamber of Commerce 

Tribal Sacramento Native American Health Center 
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Table B.  Comprehensive List of Stakeholders (contd.) 
Category Organization 

Govt. – Local Sacramento River Conservation Area Forum 

Environmental Sacramento River Preservation Trust 

Agriculture Sacramento River Water Contractors 

Flood Management Sacramento River Westside Levee District 

Agriculture Sacramento Valley Landowner's Association 

Flood Management Sacramento West Side Levee District 

Flood Management San Joaquin Area Flood Control Agency 

Govt. – Local San Joaquin County Advisory Commission 

Agriculture San Joaquin County Farm Bureau 

Flood Management San Joaquin County Flood Management Division 

Govt. – Local San Joaquin County Office of Emergency Services 

Govt. – Local San Joaquin County Public Works 

Agriculture San Joaquin Farm Bureau Federation 

Environmental San Joaquin River Conservancy 

Water Supply San Joaquin River Exchange Contractors Water Authority 

Environmental San Joaquin River Parkway and Trust 

Agriculture San Joaquin River Resource Management Coalition 

Environmental San Joaquin River Resource Management Coalition 

Agriculture San Joaquin Valley Clean Energy organization 

Water Supply San Luis & Delta Mendota Water Authority 

Consulting SAS Strategies 

Environmental Save the American River Association 

Consulting Schaaf and Wheeler 

Govt. – Local Shasta County Public Works  

Consulting Shaw Group 

Tribal Shingle Springs Band of Miwok Indians 

Environmental Sierra Club 

Business Sierra Holdings 

Nonprofit Sierra Nevada Alliance 

Recreation Snug Harbor Marina 

Business Society of Marketing Professional Services 

Govt. – Local Solano County 

Elected  Solano County Board of Supervisors 

Agriculture Solano/Yolo Air Resources Control Board 

Water Supply South Delta Water Agency 

Academic/Scientific Stanford University 

Elected  Stanislaus County Board of Supervisors 

Govt. – Local Stanislaus County Planning Department 
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Table B.  Comprehensive List of Stakeholders (contd.) 
Category Organization 

Agriculture Stanislaus Farm Bureau 

Consulting Stantec Consulting 

Water Supply Stevinson Irrigation District 

Consulting Stillwater Sciences 

Water Supply Stockton East Water District 

Water Supply Stony Creek Fan Conjunctive Water Management Group 

Consulting Storm Water Consulting 

Flood Management Sutter Butte Flood Control Agency 

Elected  Sutter County Board of Supervisors 

Environmental Sutter County Resource Conservation District 

Govt. – Local Sutter Local Agency Formation Commission 

Water Supply Tehama Colusa Canal Authority 

Environmental Tehama County Resource Conservation District 

Environmental The Nature Conservancy 

Flood Management Three Rivers Levee Improvement Authority 

Environmental Trout Unlimited 

Environmental Trust for Public Land 

Govt. – Local Tulare County Redevelopment Agency 

Environmental Tuolumne River Trust 

Water Supply Turlock Irrigation District 

Govt. – Federal U.S. Army Corps of Engineers 

Govt. – Federal U.S. Bureau of Indian Affairs 

Govt. – Local Reclamation District 0001 

Govt. – Local Reclamation District 0003 

Govt. – Local Reclamation District 0010 

Govt. – Local Reclamation District 0017 

Govt. – Local Reclamation District 0070 

Govt. – Local Reclamation District 0108 

Govt. – Local Reclamation District 0150 

Govt. – Local Reclamation District 0307 

Govt. – Local Reclamation District 0317 

Govt. – Local Reclamation District 0341 

Govt. – Local Reclamation District 0348 

Govt. – Local Reclamation District 0349 

Govt. – Local Reclamation District 0369 

Govt. – Local Reclamation District 0404 

Govt. – Local Reclamation District 0407 

Govt. – Local Reclamation District 0501 
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Table B.  Comprehensive List of Stakeholders (contd.) 
Category Organization 

Govt. – Local Reclamation District 0524 

Govt. – Local Reclamation District 0536 

Govt. – Local Reclamation District 0537 

Govt. – Local Reclamation District 0544 

Govt. – Local Reclamation District 0551 

Govt. – Local Reclamation District 0554 

Govt. – Local Reclamation District 0556 

Govt. – Local Reclamation District 0563 

Govt. – Local Reclamation District 0755 

Govt. – Local Reclamation District 0765 

Govt. – Local Reclamation District 0784 

Govt. – Local Reclamation District 0785 

Govt. – Local Reclamation District 0787 

Govt. – Local Reclamation District 0817 

Govt. – Local Reclamation District 0827 

Govt. – Local Reclamation District 0828 

Govt. – Local Reclamation District 0900 

Govt. – Local Reclamation District 0999 

Govt. – Local Reclamation District 1000 

Govt. – Local Reclamation District 1001 

Govt. – Local Reclamation District 1002 

Govt. – Local Reclamation District 1004 

Govt. – Local Reclamation District 1007 

Govt. – Local Reclamation District 1500 

Govt. – Local Reclamation District 1600 

Govt. – Local Reclamation District 1601 

Govt. – Local Reclamation District 1602 

Govt. – Local Reclamation District 1660 

Govt. – Local Reclamation District 2031 

Govt. – Local Reclamation District 2035 

Govt. – Local Reclamation District 2058 

Govt. – Local Reclamation District 2060 

Govt. – Local Reclamation District 2062 

Govt. – Local Reclamation District 2063 

Govt. – Local Reclamation District 2064 

Govt. – Local Reclamation District 2067 

Govt. – Local Reclamation District 2068 
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Table B.  Comprehensive List of Stakeholders (contd.) 
Category Organization 

Govt. – Local Reclamation District 2074 

Govt. – Local Reclamation District 2075 

Govt. – Local Reclamation District 2085 

Govt. – Local Reclamation District 2089 

Govt. – Local Reclamation District 2091 

Govt. – Local Reclamation District 2092 

Govt. – Local Reclamation District 2094 

Govt. – Local Reclamation District 2095 

Govt. – Local Reclamation District 2096 

Govt. – Local Reclamation District 2098 

Govt. – Local Reclamation District 2099 

Govt. – Local Reclamation District 2100 

Govt. – Local Reclamation District 2101 

Govt. – Local Reclamation District 2102 

Govt. – Local Reclamation District 2103 

Govt. – Local Reclamation District 2104 

Govt. – Local Reclamation District 2107 

Govt. – Local Reclamation District 2126 

Govt. – Federal U.S. Department of Agriculture 

Govt. – Federal U.S. Federal Emergency Management Agency 

Govt. – Federal U.S. Fish and Wildlife Service 

Govt. – Federal U.S. Forest Service 

Academic/Scientific University of California - Davis 

Academic/Scientific University of California - San Diego 

Academic/Scientific University of California - Santa Barbara 

Govt. – State University of California Cooperative Extension 

Academic/Scientific University of the Pacific, Natural Resources Institute 

Agriculture Van Ruiten Brothers 

Environmental Water Resources Association of Yolo County 

Govt. – Local Water Resources for Tehama County 

Flood Management West Sacramento Area Flood Control Agency 

Consulting West Yost Associates 

Environmental Western Regional Climate Center 

Business Western States Title Services 

Consulting Westervelt 

Tribal Winneman Wintu Tribe 

Consulting Winzler and Kelly 
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Table B.  Comprehensive List of Stakeholders (contd.) 
Category Organization 

Elected  Woodland City Council 

Environmental Yolo Basin Foundation 

Elected  Yolo County Board of Supervisors  

Govt. – Local Yolo County Department of Parks and Resources 

Agriculture Yolo County Farm Bureau 

Flood Management Yolo County Flood Control and Water Conservation District 

Govt. – Local Yolo County Water Resources Agency 

Elected  Yuba County Board of Supervisors 

Govt. – Local Yuba County Public Works 
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Cover Photo: Sacramento Weir (December 24, 1964), DWR Photo Lab

The Sacramento Weir and Bypass discharges excess flows from the

Sacramento River (on the left) into the Yolo Bypass (not shown).  

The 1964-65 water year was marked by one of the most disastrous floods in California’s history.
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Baldwin, Ronald California Emergency Management Agency 
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Romero, Paul Flood Plain Management Division 
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Sakato, Max Reclamation District No. 1500 and California Central Valley 

Flood Control Association 
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Shpak, Dave City of West Sacramento, West Sacramento Area Flood Control 
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Smythe, Tom Lake County Department of Public Works 
Spinks, Chuck American Society of Civil Engineers 
Stephens, Pierre  California Department of Water Resources 
Stork, Ronald Friends of the River 
Stripling, Marty River Garden Farms Co., Sacramento River Westside Levee 

District, Reclamation Districts 108 and 787 
Swagerty, Helen River Partners 
Taylor, Ernie California Department of Water Resources 
Tucker, Scott Reclamation District No. 1500 
Twitchell, Jeffrey District One of Sutter County 
van Rijn, David U.S. Army Corps of Engineers 
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Wagner-Tyack, Jane Restore the Delta , League of Women Voters of San Joaquin 

County 
Washburn, Tim Sacramento Area Flood Control Agency 
Welch, Douglas Chowchilla Water District 
Winkler, Steve San Joaquin County 
Winternitz, Leo The Nature Conservancy 
Woodland, Scott California Department of Water Resources 
Yeadon, Bob California Department of Water Resources 
Zezulak, David California Department of Fish and Game 
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Agricultural Stewardship Scope Definition Joint Subcommittee 
Anderson, Ray Retired Farmer 
Berry, Julia D. Madera Farm Bureau 
Blodgett, Bruce San Joaquin County Farm Bureau 
Bonea, Ryan P. Sutter County Resource Conservation District; Yuba County 

Resource Conservation District 
Bruce, Todd William Dutra Group, Yolo Air Resources Control Board 
Canevari, Mick University of California Cooperative Extension 
Capuchino, S. Leo City of Mendota 
Carey, Phil California Department of Water Resources, Sacramento 

Maintenance Yard 
Chang, Joseph California Department of Water Resources 
Ellis, Tom Sacramento West Side Levee District, Land owners in the Colusa 

Basin, Board of Directors of Colusa County Farm Bureau. 
Fisher, Kari California Farm Bureau Federation 
Fredrickson, Justin California Farm Bureau Federation 
Hildebrand, Mary San Joaquin Farm Bureau, South Delta Water Agency Board, and 

California Central Valley Flood Association Board 
Lang, Kent Reclamation Districts 537 and 1000 
Martin, Mari Resource Management Coalition 
Medders, Karen North Delta CARES 
Miramontes, Tim Yolo County Farm Bureau; California Rice Commission; 

California Farm Bureau Rice Advisory Committee; Yolo County  
Pedrozo, Diana 
Westmoreland 

Merced County Farm Bureau, California Women for Agriculture, 
East San Joaquin Water Quality Coalition, San Joaquin Valley 
Clean Energy organization, Merced Council for the Central 
Valley Farmland Trust 

Pegos, David California Department of Food and Agriculture 
Perrone, Michael California Department of Water Resources 
Rabone, Geoff Merced Irrigation District 
Richter, David Sutter Basin grower 
Roscoe, Terry California Department of Fish and Game 
Sakato, Max Reclamation District No. 1500 
Scheuring, Chris California Farm Bureau Federation 
Sevelius, Pia Butte County RCD 
Sutton, Susan SAS Strategies,  rice farming 
Tatayon, Susan The Nature Conservancy 
Taylor, William J.  Bureau of Reclamation 
Van Ruiten, Anthony Van Ruiten Brothers 
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Wallace, William Jr. Landowner 
Zezulak, David California Department of Fish and Game 

 

Climate Change Scope Definition 
Crooks, Stephen National Blue Ribbon Panel: Wetlands Restoration Greenhouse 

Gas Mitigation Emission Offset Protocol 
Dettinger, Michael U.S. Geological Survey 
Edwards, David California Air Resources Board 
Filler, Tom California Department of Water Resources 
Patterson, Elizabeth California Department of Water Resources (Retired) 
Raff, David U.S. Bureau of Reclamation 
Roscoe, Terry California Department of Fish and Game 
Redmond, Kelly Western Regional Climate Center 
Schwartz, Mark University of California, Davis 
Seavy, Nat Point Reyes Bird Observatory 
Tansey, Michael U.S. Bureau of Reclamation 
Tatayon, Susan The Nature Conservancy 
Taylor, Tia National Weather Service Intern 
Townsley, Stu U.S. Army Corps of Engineers 
Webb, Robert National Oceanic and Atmospheric Administration 

 

Environmental Stewardship Scope Definition 
Bair, Lewis Reclamation District No. 108, Sacramento River West Side 

Levee District, Knights Landing Ridge Drainage District 
Bishop, Debra AECOM 
Bowles, Chris cbec 
Briggs, Kelly California Department of Water Resources 
Buck, Peter Sacramento Area Flood Control Agency 
Cain, John American Rivers 
Clemons, Scott California Riparian Habitat Joint Venture 
Cohen, Ellie Point Reyes Bird Observatory 
Cox, Julia California State Parks 
Cumming, Ken National Marine Fisheries Service 
DeSpain, Michael Mechoopda Indian Tribe 
Falzone, Anthony Trout Unlimited 
Frink, Ted California Department of Water Resources 
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Gaines, Terri California Department of Water Resources 
Gettleman, Ben Kearns & West 
Ginney, Eric  M. Philip Williams & Associates 
Griggs, Tom River Partners 
Hermanson, Lynn AECOM 
Hobbs, Jennifer U.S. Fish and Wildlife Service 
Hopkins, John Institute for Ecological Health; Northern California Conservation 

Planning Partners 
Hoshovsky, Marc California Department of Water Resources 
Hubert, Elizabeth California Department of Water Resources 
Indrieri, Ashley Family Water Alliance 
Kirby, Ken Kirby Consulting Group 
Korhonen, Clarence City of Elk Grove 
Lorenzato, Stefan Yolo County Flood Control  

& Water Conservation District 
Matella, Mary UC Berkeley 
Ng, Michele California Department of Water Resources 
Perrone, Michael California Department of Water Resources 
Picker, Michael Sutter Butte Flood Control Agency 
Poncelet, Eric Kearns & West 
Rabone, Geoff Merced Irrigation District 
Rofe, Leon California Indian Heritage Council, Wintu 
Roscoe, Terry Tuolumne River Trust 
Schmitt, Monty Natural Resources Defense Council 
Seavy, Nat Point Reyes Bird Observatory 
Sevelius, Pia Butte County Resource Conservation District 
Stehl, Alex California State Parks 
Sun, Yung-Hsin MWH 
Tatayon, Susan The Nature Conservancy 
Toland, Tanis United States Army Corps of Engineers 
Tompkins, Mark Trout Unlimited 
Unkel, Chris Ducks Unlimited 
Weinrich, Doug United States Fish and Wildlife Service 
Wilcox, Carl California Department of Fish and Game 
Yonemura, Randy California Indian Heritage Council 
Young, Matt MWH 
Zezulak, Dave California Department of Fish and Game 
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Interim Levee Design Criteria 
Connelly, Mark  San Joaquin County Public Works 
Edell, Stuart Butte County Public Works 
Farley, Greg  Madera County 
Harder, Les  Sacramento Area Flood Control Agency 
Heinzen, Ron  San Joaquin Area Flood Control Agency 
Labrie, Gil  Brannan-Andrus Levee Maintenance District 
Leep, Ken  California Emergency Management Agency 
Lenaburg, Ray  Federal Emergency Management Agency 
Perlea, Mary  U.S. Army Corps of Engineers 
Peterson, David  Peterson Brustad, Inc. 
Reinhardt, Ric  MBK Engineers 
Roscoe, Terry  California Department of Fish and Game 
Ruzich, Ken  Reclamation District 900 
Shpak, Dave  City of West Sacramento 
Tootle, Joe  ENGEO Inc. ,Reclamation District 17 
Twitchell, Jeff  Levee District #1 of Sutter County 

 

Levee Performance Scope Definition 
Peter Buck Sacramento Area Flood Control Agency 
Steve Chainey California Department of Water Resources 
Stuart Edell Butte Co Public Works; Sutter Butte Flood Control Agency 
Les Harder Sacramento Area Flood Control Agency 
Reggie Hill Lower San Joaquin Levee District 
Gil Labrie Brannan-Andrus Levee Maintenance District 
Chris Neudeck Reclamation District 17 and Sherman Island 
Mary Perlea U.S. Army Corps of Engineers 
Jeff Twitchell Levee District #1 of Sutter County 
Ron Heinzen San Joaquin Area Flood Control Agency 

 

Operations and Maintenance Scope Definition 
Acker, Robert Merced Irrigation District 
Bair, Lewis Sacramento River West Side Levee District and CVFMA, 

Interagency Flood Management Collaborative 
Basset, John Sacramento Area Flood Control Agency 
Brown, Howard NOAA Fisheries 
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Carlon, John River Partners 
Cumming, Kenneth NOAA Fisheries 
Devereux, Paul Reclamation District 1000, Interagency Flood Management 

Collaborative 
Eckman, Russ California Department of Water Resources 
Ericson, Jon California Department of Water Resources 

Fales, Diane Reclamation District 1001 
Hampton, Bill Levee District #1 of Sutter County 
Hill, Reggie Lower San Joaquin Levee District 
Hobgood, Gary California Department of Fish and Game 
Kerr, Tim American River Flood Control District 
Lang, Kent Reclamation Districts  537 and 1600 
Moroney, Kelly U.S. Fish and Wildlife Service 
Morris, Patrick Water Board 
Mraz, Dave California Department of Water Resources   
Ruzich, Ken Reclamation District 900 
Sandner, Jim US Army Corps of Engineers 
Tatayon, Susan The Nature Conservancy 
Wellman-Barbree, Ilene California Department of Water Resources 
Winkler, Steve San Joaquin Flood Control and Water Conservation District 

Phase 2 

Regional Management Actions 
Anthony, Randall Merced Irrigation District 
Aramburu, Margit University of the Pacific 
Bair, Lewis Reclamation  District 108, Sacramento River West Side Levee 
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1.0 Introduction 
The purpose of this 2012 Plan Formulation reference document is to 
describe the plan formulation process for the Central Valley Flood 
Protection Plan (CVFPP).  This section introduces the reference document 
and describes the 2012 CVFPP authorizing legislation and its requirements, 
the contents of the 2012 CVFPP, and the organization of this reference 
document. 

1.1 Background and Plan Authority 

The Central Valley has experienced some of the State of California’s 
(State) largest and most damaging floods. The most recent significant 
floods in the Central Valley, which occurred in 1986 and 1997, together 
caused more than $1 billion in damage (USACE, 1997). 

The existing flood management system in the Central Valley consists of a 
number of projects individually constructed over the last 150 years, 
including dams and reservoirs, levees, channels, weirs, bypasses, and other 
features that provide varying levels of flood protection. This system 
supports public safety, has prevented billions of dollars in flood damages in 
the Central Valley, and the system’s multiple benefits have contributed to a 
vibrant California economy. 

But today, much of this legacy flood management system is characterized 
by aging facilities built using outdated techniques, and the system is being 
relied on to provide benefits that were not envisioned when its elements 
were first constructed.  Also, along many reaches of river in the system, 
ecosystem functions and natural habitats have been severely degraded over 
time. As currently configured, the system is prone to erosive river forces, is 
easily distressed from high water, and does not support healthy ecosystem 
functions and natural floodplain habitats. Further, because of limited 
funding and other constraints, State and local agencies have found it 
increasingly difficult to carry out adequate flood management system 
maintenance programs. At the same time, escalating development in 
Central Valley floodplains has increased the population at risk from 
flooding and the potential for flood damages to homes, businesses, 
communities, and critical statewide facilities. 
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Despite the protection provided by the current flood management system, 
residual flood risk in the Central Valley remains among the highest in the 
country. Currently, even small flood events with only a 5 percent annual 
chance of occurrence can stress parts of the flood management system. 

A combination of recent events, including flooding related to Hurricane 
Katrina in New Orleans and recent flooding along the Mississippi River 
and its tributaries, has highlighted the vulnerability of the Central Valley to 
catastrophic floods, the potential consequences to life and property 
(particularly in deep floodplains), and possible impacts to the financial 
stability of the State. 

In fall 2007, the California Legislature passed five interrelated bills aimed 
at addressing the problems of flood protection and flood damage liability. 
These bills included Senate Bill (SB) 5, SB 17, Assembly Bill (AB) 5, 
AB 70, and AB 156. Primary authorization for the CVFPP originates in SB 
5, also known as the Central Valley Flood Protection Act of 2008.1 In 
addition, the Disaster Preparedness and Flood Prevention Bond Act 
(Proposition 1E) and the Safe Drinking Water, Water Quality and Supply, 
Flood Control Protection Bond Act (Proposition 84) provide both specific 
and general authority for related State flood management efforts. AB 162, 
another flood-related bill passed in 2007, required additional consideration 
of flood risk in local land-use planning throughout California. These bills 
added or amended sections in the California Government Code (CGC), 
Health and Safety Code, Public Resources Code (PRC), and California 
Water Code2 (CWC), and included specific requirements for developing 
the CVFPP.  The 2007 flood-related legislation and plan authority are 
further discussed in Section 1.2. 

In 2008, the California Department of Water Resources (DWR) embarked 
on the Central Valley Flood Management Planning (CVFMP) Program, a 
long-term planning effort to improve integrated flood management within 
the Central Valley, and carry out direction from the California Legislature. 
DWR, in collaboration with the U.S. Army Corps of Engineers (USACE), 
was required to prepare a sustainable,3 integrated flood management4 plan 
                                                           
1  More detailed information on authority and guidance is included in Chapter 1 of the draft 

Regional Conditions Report – A Working Document (DWR, 2010b). 
2  Relevant code sections are highlighted in the 2007 Flood Legislation Summary (DWR, 

2007a) and 2007 Flood Legislation Companion Reference (DWR, 2007b).  
3  A project is considered “sustainable” when it is socially, environmentally, and financially 

feasible for an enduring period. 
4  Integrated flood management is an approach to flood risk that recognizes the 

interconnection of flood management actions within broader water resources 
management and land use planning; the value of coordinating across geographic and 
agency boundaries; the need to evaluate opportunities and potential impacts from a 
system perspective; and the importance of environmental stewardship and sustainability 
(DWR, 2008a). 
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called the CVFPP by January 1, 2012. The 2012 CVFPP is to be 
considered and adopted by the Reclamation Board (now the Central Valley 
Flood Protection Board (Board)). The Board is directed to adopt the 2012 
CVFPP no later than July 1, 2012.  The CVFPP outlines a systemwide 
approach to protecting lands currently protected from flooding by existing 
facilities of the State Plan of Flood Control5,6 (SPFC), and will be updated 
every 5 years thereafter (in years ending in 7 and 2). 

1.1.1 FloodSAFE California 
The 2012 CVFPP is being developed under DWR’s FloodSAFE California 
(FloodSAFE), a multifaceted and collaborative, long-term statewide 
initiative to improve public safety through integrated flood management. 
FloodSAFE uses a systemwide approach to flood management, while 
reducing flood risk at regional and local levels. 

DWR and the Board will provide leadership, through FloodSAFE and work 
with State, federal, tribal, local and regional officials to improve emergency 
response, improve flood management systems, improve operations and 
maintenance (O&M), and inform the public about flood preparedness and 
safety. 

FloodSAFE will coordinate flood management efforts so that (1) the 2012 
CVFPP and its future updates contain the best available information and 
inputs from other FloodSAFE projects and programs, and (2) existing and 
ongoing FloodSAFE functions and funding mechanisms are efficiently 
used to help implement 2012 CVFPP recommendations. 

DWR is implementing various aspects of FloodSAFE using funds from 
Proposition 1E and Proposition 84, with direction from the 2007 flood 
legislation. It is recognized that funding provided by Propositions 1E and 
84 will not be sufficient to realize all of the envisioned improvements to 
flood management in the Central Valley; these improvements will take 
many years to complete. Successful implementation of FloodSAFE and the 
2012 CVFPP will require additional, sustainable funding streams for 

                                                           
5  CWC Section 8523 defines the SPFC as the State and federal flood control works, lands, 

programs, plans, conditions, and mode of maintenance and operations of the 
Sacramento River Flood Control Project (CWC Section 8350) and flood control projects in 
the Sacramento River and San Joaquin River watersheds (river basins) for which the 
Board or DWR has provided assurances, and of those facilities identified in CWC Section 
8361. 

6  The assurances (satisfactory to the Secretary of War) are that the State will provide, 
without cost to the United States, all lands, easements, and rights-of-way necessary for 
the completion of the project; bear the expense of necessary highway, railroad, and 
bridge alterations; hold and save the United States free from claims for damages 
resulting from construction of the works; and maintain and operate all works after 
completion. 
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improvement projects and core flood management functions such as 
inspections and O&M. 

1.2 Central Valley Flood Protection Plan 
Requirements 

As discussed previously, primary authorization for the 2012 CVFPP 
originates in SB 5. In addition, Propositions 1E and 84 provide both 
specific and general authority for related State flood management efforts. 
SB 5 and SB 17, and AB 5, AB 70, and AB 156 added or amended sections 
in the CGC, Health and Safety Code, PRC, and CWC, and included 
specific requirements for developing the 2012 CVFPP. 

Several documents are being prepared to collectively meet the intent and 
requirements of the 2007 flood-related bonds and legislation. CVFPP 
Attachment 1: Legislative Reference contains more detailed information 
related to the requirements and how they have been satisfied. The 2012 
CVFPP contributes to meeting the bond and legislation requirements. 

The 2007 flood-related legislation also require cities and counties in the 
Sacramento-San Joaquin Valley to incorporate consistent information from 
the 2012 CVFPP into their local land-use plans after the 2012 CVFPP is 
adopted.  Cities and counties that do not comply with these and other 
related requirements may be subject to restrictions when approving new 
development in urban and urbanizing areas. 

The 2012 CVFPP seeks to prioritize State investments to most effectively 
advance the State interest in flood risk reduction.  Investments will focus 
on the long-term sustainability of the flood management system as a whole, 
rather than on a project-by-project basis, with consideration for the value of 
environmental and agricultural stewardship in the Central Valley. 

As required by the legislation, the CVFPP is to be updated every 5 years, 
with the first update to occur in 2017. DWR anticipates that updates will 
incorporate new and revised information and also that goals and actions 
will be reviewed and realigned as specific projects are implemented and 
conditions evolve in the Central Valley. Additional activities, such as local 
and regional studies, federal feasibility studies, and investigations of 
environmental integration activities, will occur to support implementation 
of physical elements or features of the CVFPP. As specific projects are 
undertaken, environmental review and detailed design will be carried out to 
meet legal requirements. 



 1.0 Introduction 

January 2012 1-5 
Public Draft 

To meet legislative requirements, the following documents were, or are in 
the process of being, developed in addition to and in support of the 2012 
CVFPP (Figure 1-1). 

 Key: CVFPP = Central Valley Flood Protection Plan  SPFC = State Plan of Flood Control 

Figure 1-1.  Contributing Documents 

• The State Plan of Flood Control Descriptive Document (Descriptive 
Document) (DWR, 2010a) complies with Proposition 1E, which 
requires that information on the SPFC “…be updated by department 
and compiled into a single document…” and inform development of the 
2012 CVFPP. The Descriptive Document (DWR, 2010a) provides an 
inventory of flood management projects and works (facilities), lands, 
programs, plans, conditions, and mode of O&M for the State-federal 
flood protection system in the Sacramento River and San Joaquin river 
basins of California.  The Descriptive Document is the first inventory 
of the SPFC compiled or referenced in a single report.  The report is 
structured as a reference document for the SPFC and includes narrative 
descriptions, tables, and figures, especially maps, to help the reader find 
information about this complex flood protection system. 

• The Flood Control System Status Report (FCSSR) (DWR, 2011a) was 
created to comply with CWC Section 9120 and to contribute to CVFPP 
development.  The FCSSR describes the current status (physical 
condition) of SPFC facilities at a systemwide level. The FCSSR is 
primarily intended to present information on the physical condition of 
SPFC facilities, and to help guide future inspection, evaluation, 
reconstruction, and improvement of the facilities. 

• A Program Environmental Impact Report (PEIR) (DWR, anticipated 
2012) is being prepared by DWR under the California Environmental 
Quality Act (CEQA) to facilitate Board adoption of the 2012 CVFPP. 
Completion is expected in 2012. The report analyzes the broad potential 
impacts associated with adopting the CVFPP, at a program scale. 
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Subsequent implementation actions stemming from adoption of the 
CVFPP will likely require project-level environmental review for 
CEQA compliance. Per agreement with the Board, DWR will act as 
lead agency and be responsible for compliance with CEQA 
requirements and guidelines, and for certifying the PEIR. As a 
responsible agency, the Board will independently consider the findings 
in the PEIR, and reach its own conclusions related to adoption of the 
2012 CVFPP. 

Collectively, this body of work fulfills the intent and requirements of the 
Central Valley Flood Protection Act of 2008, embedded in SB 5 (2007) and 
codified in Sections 9616 through 9625 of the CWC. 

1.3 Contents of Central Valley Flood Protection 
Plan 

Contents of the 2012 CVFPP include the following: 

• Responding to the need for improved flood management in the Central 
Valley 

• Preliminary approaches 

• State Systemwide Investment Approach (SSIA) 

• Implementing and managing the SSIA 

As discussed above, DWR has prepared or is preparing several plan-related 
studies to collectively fulfill the legislative mandate described above. 
Similar to the 2012 CVFPP, these documents were or are being developed 
using a collaborative planning process involving interested parties. The 
2012 CVFPP and its supporting documents contain the following to meet 
the requirements of CWC Section 9614: 

• Description of the Sacramento-San Joaquin River Flood Management 
System and the cities and counties included in the system 

• Description of the system performance and the challenges to modifying 
the system to provide appropriate levels of flood protection using 
available information 
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• Description of the facilities included in the SPFC, including all of the 
following: 

- Precise location and a brief description of each facility; a 
description of the population and property protected by the facility; 
system benefits provided by the facility, if any, and a brief history 
of the facility, including the year of construction; improvements to 
the facility; and any failures of the facility 

- Design capacity of each facility 

• Description and evaluation of the performance of each facility, 
including the following: 

- An evaluation of failure risks due to each of the following: 

o Overtopping 

o Under-seepage and through-seepage 

o Structural failure 

o Other sources of risk, including seismic risks, that DWR or the 
Board determines are applicable 

- Description of any uncertainties regarding performance capability, 
including uncertainties arising from the need for additional 
engineering evaluations or uncertainties arising from changed 
conditions, such as changes in estimated channel capacities 

• Description of each existing dam that is not part of the SPFC that 
provides either significant systemwide benefits for managing flood 
risks within the Sacramento and San Joaquin river basins, or protects 
urban areas within the Sacramento and San Joaquin river basins 

• Description of each existing levee and other flood management facility 
that is not part of the SPFC and that provides either significant 
systemwide benefits for managing flood risks within the Sacramento 
and San Joaquin river basins, or protects urban areas within the 
Sacramento and San Joaquin river basins 

• Description of the probable impacts of projected climate change, 
projected land-use patterns, and other potential flood management 
challenges on the ability of the system to provide adequate levels of 
flood protection 
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• Evaluation of the structural improvements and repairs necessary to 
bring each SPFC facility to within its design standard, including a 
prioritized list of recommended actions 

• List of facilities (included in the evaluation) recommended to be 
removed from the SPFC.  For each facility recommended for removal, 
the evaluation will identify both of the following: 

- Reasons for proposing removal of the facility from the SPFC 

- Any additional recommended actions associated with removing the 
facility from the SPFC 

• Description of structural and nonstructural methods for providing an 
urban level of flood protection to current urban areas. The description 
will also include a list of recommended next steps to improve urban 
flood protection 

• Description of structural and nonstructural means for enabling or 
improving systemwide riverine ecosystem function, including, but not 
limited to, establishing riparian habitat and seasonal inundation of 
available floodplains, where feasible 

The 2012 CVFPP focuses on improving integrated flood management and 
flood protection for areas protected by SPFC facilities.  While the CVFPP 
focuses on areas protected by SPFC facilities, the O&M of facilities in 
tributary watersheds that influence SPFC-protected areas are also 
considered. 

The 2012 CVFPP recognizes the connection of flood management actions 
to water resources management; land-use planning; environmental 
stewardship; and long-term economic, environmental, and social 
sustainability.  Integrated flood management also recognizes the 
importance of evaluating opportunities and potential impacts from a 
systemwide perspective, and the importance of coordinating across 
geographic and agency boundaries to treat entire hydrologic units. 

The 2012 CVFPP provides opportunities to mitigate some of the negative 
effects of current trends while promoting wise investments of State, 
federal, and local funds: 

• The 2012 CVFPP will emphasize wise floodplain management, which, 
in concert with the Federal Emergency Management Agency (FEMA) 
National Flood Insurance Program, will limit excessive floodplain 
development and promote the continued sustainability of the current 
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rural-agricultural economy and small communities in the Central 
valley. 

• Investments in levees and other flood protection infrastructure will be 
considered on a systemwide basis.  It is likely that urban communities 
with the greatest concentrations of population and damageable property 
will continue to receive the greatest share of available State and federal 
funds.  However, the 2012 CVFPP gives careful attention to repairing 
known weaknesses in the rural-agricultural levee system and also 
protecting small communities.  Because rural-agricultural areas are less 
developed, the State is interested in seeing more nonstructural 
improvements, as these often can have lower long-term annual O&M 
costs and higher system benefits.  With this in mind, the 2012 CVFPP 
provides a framework for a much broader benefit analysis than the 
traditional approach, which relies almost entirely on the benefit-to-cost 
ratio and net economic development indicators to guide investments.  
The 2012 CVFPP considers potential system improvements, such as 
expanded bypasses and associated ecosystem enhancements, which are 
beyond the sponsorship capabilities of even the most robust local 
agencies. 

• The 2012 CVFPP proposes to take an integrated system approach to 
flood system maintenance and ecosystem restoration.  In practice, this 
means developing more extensive and robust wildlife habitat along the 
Central Valley flood management system, such that periodic 
maintenance, which temporarily disrupts habitat, is compensated for by 
acreage of appropriate and connected habitat, improved maintenance 
techniques, and other tools. 

• The 2012 CVFPP focuses on implementation of an integrated system 
approach to flood management programs and considers the sequential 
phasing of incremental elements of the programs.  This approach relies 
on development of a firm technical foundation to inform 
implementation actions in future CVFPP phases, with an initial focus 
on the most urgent flood management system needs. It also supports 
development of a sound funding strategy to pursue effective, long-term 
flood management in the Central Valley. 

1.4 Report Organization 

The purpose of this reference document is to describe the plan formulation 
process, including the SSIA, for the 2012 CVFPP. This document is 
organized into the following sections: 
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Section 1 (Introduction) provides context for this reference document, 
background and plan authority, CVFPP requirements, and contents of the 
2012 CVFPP. 

Section 2 (Plan Development) describes the plan development process, 
planning area, anticipated uses of the CVFPP, and studies and reports 
related to the CVFPP. 

Section 3 (Systemwide Conditions) discusses existing systemwide 
conditions, including environmental, physical, social and economic, and 
policy and institutional conditions.  The section also discusses likely future 
systemwide conditions through 2050 and the key drivers and influencing 
factors of likely changes. 

Section 4 (Flood and Related Resource Problems) discusses 
environmental, physical, social and economic, and policy and institutional 
problems. 

Section 5 (Goals, Principles, and Objectives) discusses FloodSAFE and 
CVFPP goals and their relationship, CVFPP guiding principles, and 
legislative and planning objectives. 

Section 6 (Management Actions) identifies management actions, 
describes preliminary evaluation and consolidation of management actions, 
and summarizes management actions carried forward. 

Section 7 (Preliminary Approaches) describes the preliminary approach 
formulation process for No Project, Achieve SPFC Design Flow Capacity 
Approach, Protect High-Risk Communities Approach, and Enhance Flood 
System Capacity Approach; evaluates and compares accomplishments; and 
summarizes findings. 

Section 8 (State Systemwide Investment Approach) describes the 
elements and selection of the SSIA, including formulation, systemwide 
concepts, regional elements, performance of the approach, and the 
investment strategy. This approach is compared to No Project based on 
estimated costs, benefits, completeness, effectiveness, efficiency, and 
acceptability. 

Section 9 (Local and Regional Project Summaries) summarizes local 
and regional projects in the Systemwide Planning Area. 

Section 10 (References) lists sources referenced in preparation of this 
reference document. 
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Section 11 (Acronyms and Abbreviations) lists the acronyms and 
abbreviations used in this reference document. 
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2.0 Plan Development 
This section describes the plan development process, planning area, 
anticipated uses of the CVFPP, and related studies and reports. 

2.1 Plan Development Process 

The 2012 CVFPP was developed using an iterative planning process. 
Extensive public engagement occurred as part of Phases 1 and 2. Originally 
outlined in four phases, the concluding phases of CVFPP development 
(Phases 3 and 4) were redefined and streamlined based on input from 
partners and interested parties (Figure 2-1). 

 
Figure 2-1.  Planning process for 2012 Central Valley Flood 
Protection Plan Development 

Concurrent with public engagement, DWR gathered systemwide data and 
conducted evaluations for the SPFC.  DWR also (1) prepared a PEIR 
documenting environmental impacts associated with the CVFPP, and 
(2) performed supporting technical analyses related to hydrology, reservoir 
operations, riverine and estuarine hydraulics, levee system performance, 
economic flood damages, life risk, regional economics, designs and costs, 
climate change, and groundwater recharge. 

Results of these efforts contributed to developing three preliminary 
approaches to improving the flood management system, and ultimately an 
SSIA. 
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2.1.1 Public Engagement Process 
DWR initiated an extensive communications and public engagement 
process for the 2012 CVFPP by reaching out to partnering agencies, 
interested parties, and the public, allowing them to share and solicit 
information and offer input and recommendations.  The intent was to 
facilitate open communication and provide opportunities to participate in 
CVFPP development in a variety of ways, depending on interest and 
availability of potential stakeholders. Outreach activities, including 
outreach to Native American tribes and disadvantaged communities, are 
detailed in Attachment 5: Engagement Record. 

A comprehensive, multiphase, public engagement planning process was 
essential in developing the CVFPP. Figure 2-2 depicts the phases and 
major components of the engagement process. In addition, all public 
engagement activities are detailed in Attachment 5: Engagement Record. 

 Key: Board = Central Valley Flood Protection Board        CVFPP = Central Valley Flood Protection Plan 

Figure 2-2.  Communication and Public Engagement Process 

The four phases of CVFPP public engagement were completed as follows: 

• Phase 1 – Defined existing conditions and likely future challenges; 
identified problems from various perspectives; and defined goals, 
principles, and objectives to guide development and implementation of 
the plan.  Results from this planning phase are described in the 
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Regional Conditions Report – A Working Document (RCR) (DWR, 
2010b) and summarized in Interim Progress Summary No. 1 (DWR, 
2010c). 

• Phase 2 – Identified a broad range of potential structural and 
nonstructural management actions for meeting the plan’s objectives, 
consistent with the guiding principles, and defined evaluation methods 
and screening criteria to be applied.  Results from this phase were 
summarized in the Management Actions Report (DWR, 2010d) and 
Interim Progress Summary No. 2 (DWR, 2010e). 

• Phases 3 and 4 – Phases 3 and 4 were combined to become the final 
phase of plan development.  Following development of individual 
management actions, three preliminary approaches were formulated to 
reduce the number of possible combinations of individual management 
actions.  Finally, an SSIA was developed that incorporates the most 
promising features and elements of each of the preliminary approaches. 

For the 2012 CVFPP, flood and related resource problems were identified 
from input provided by State, federal, regional, local, and tribal interests.  
Many of these interested parties participated in planning area work groups 
and/or topic work groups convened to help articulate existing resource 
conditions for the 2012CVFPP; flood and related resource problem 
identification was an important output of those meetings.  The public 
engagement process is described in detail in Attachment 5: Engagement 
Record. 

2.1.2 Systemwide Documentation and Technical 
Analyses 

DWR gathered systemwide data and conducted evaluations for the SPFC to 
meet specific legislative requirements, and support CVFPP development 
concurrent with public engagement.  A PEIR was prepared documenting 
environmental impacts associated with the CVFPP, and supporting 
technical analyses were performed and documented.  Additional detail and 
reference information for supporting documents are provided in Section 
2.4.  Information from these efforts contributed to CVFPP plan 
development, as follows: 

• Existing Conditions (Section 3) – SPFC Descriptive Document 
(DWR, 2010a), RCR (DWR, 2010b), PEIR, Attachment 8: Technical 
Analysis Summary Report 

• Flood and Related Resource Problems (Section 4) – RCR (DWR, 
2010b), FCSSR(DWR, 2011a), PEIR, Attachment 2: Conservation 
Framework, Attachment 8: Technical Analysis Summary Report 
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• Goals, Principles, and Objectives (Section 5) – RCR (DWR, 2010b), 
Attachment 2: Conservation Framework, Attachment 8: Technical 
Analysis Summary Report, Implementation  

• Management Actions (Section 6) – Management Actions Report 
(DWR, 2010d), Attachment 2: Conservation Framework, Attachment 8: 
Technical Analysis Summary Report 

• Preliminary Approaches (Section 7) – PEIR; Attachment 2: 
Conservation Framework, Attachment 8: Technical Analysis Summary 
Report 

• State Systemwide Investment Approach (Section 8) – PEIR, 
Attachment 2: Conservation Framework, Attachment 8: Technical 
Analysis Summary Report 

2.2 Planning Area 

Two relevant geographic areas are relevant to CVFPP development: 

• SPFC Planning Area 

• Systemwide Planning Area  

Both planning areas are shown in Figure 2-3. The SPFC Planning Area is a 
geographic area that includes lands currently receiving protection from 
flooding by facilities of the SPFC. The State’s flood management 
responsibility is limited to the SPFC Planning Area. The SPFC Planning 
Area is best delineated by Levee Flood Protection Zone (FPZ) maps 
(DWR, 2008c), and the area inundated by the only SPFC reservoirs, Lake 
Oroville and Castle Lake (Merced County). 

The Systemwide Planning Area is the geographic area that includes lands 
currently subject to flooding and receiving protection from facilities and 
operation of the Sacramento-San Joaquin River Flood Management 
System.  This area includes facilities that provide significant systemwide 
benefits (such as reservoirs on major tributaries) or that protect urban areas 
within the Sacramento-San Joaquin Valley.  The SPFC Planning Area is 
completely contained within the Systemwide Planning Area. After 
floodplain delineation work under the Central Valley Flood Evaluation and 
Delineation Program concludes, updated floodplains will be available for 
refining the Systemwide Planning Area. 
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Figure 2-3.  Geographic Scope of Central Valley Flood Protection Plan 
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The Systemwide Planning Area is delineated through a combination of the 
currently available floodplain information: 

• Sacramento and San Joaquin River Basins Comprehensive Study 
(Comprehensive Study) (USACE, 2002) 500-year floodplain, with an 
update from the American River Common Features General 
Reevaluation Report (USACE, 2010) 

• Comprehensive Study (USACE, 2002) 200-year floodplain along the 
Sacramento River from Redding to Red Bluff. Floodplain was prepared 
by the DWR Northern District for the Comprehensive Study (USACE, 
2002) to supplement floodplain information outside the Comprehensive 
Study’s (USACE, 2002) unsteady flow through a network of open 
channels (UNET) model 

• Draft FPZ maps, currently defined as showing areas that could be 
inundated should a project levee fail while water is flowing in a channel 
at maximum reasonable capacity.  (These inundation areas do not have 
a uniform flood frequency association.) 

• Information on Sacramento-San Joaquin Delta (Delta) boundary 

For the Systemwide Planning Area (including the SPFC Planning Area), 
the CVFPP does the following: 

• Describes key components of the Sacramento-San Joaquin Flood 
Management System 

• Identifies and describes existing and future systemwide conditions, 
flood and related resource problems, goals, principles, and objectives 
for the Systemwide Planning Area that will guide the formulation, 
evaluation, and recommendation of potential solutions 

• Identifies, packages, and evaluates all potentially useful management 
actions7 to achieve the goals and objectives of the CVFPP.  Potential 
management actions can be physically located either within or outside 
the boundary of the Systemwide Planning Area, but all management 
actions of the CVFPP will be designed to produce benefits within the 
Systemwide Planning Area 

In addition to the planning areas, the Sacramento and San Joaquin river 
basins were divided into five smaller regions, as shown in Figure 2-4, for 

                                                           
7  Management actions include all structural and nonstructural activities or projects that 

could be undertaken to improve flood management within the designated planning area. 
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the purposes of data collection and public engagement with partners and 
interested parties. 

• Upper Sacramento River Region – Sacramento River above the 
Fremont Weir, including the Sutter Bypass to its confluence with the 
Feather River. 

• Lower Sacramento River Region – Feather River from its confluence 
with the Sutter Bypass and Sacramento River downstream from the 
Fremont Weir, including the Feather, Yuba, and American river basins. 

• Upper San Joaquin River Region – San Joaquin River upstream from 
the Merced River confluence, including the Merced River basin. 

• Lower San Joaquin River Region – Joaquin River downstream from 
the Merced River confluence. 

• Delta Region – Legal Delta, as defined in CWC Section 12220. 

2.3 Anticipated Uses of Central Valley Flood 
Protection Plan 

The CVFPP guides a variety of follow-on studies and planning efforts, 
environmental reviews, and implementation actions. It may be used 
differently by State, federal, regional, and local agencies, as described 
briefly below. 

2.3.1 State Use of Central Valley Flood Protection Plan 
The CVFPP recommends potential State actions to directly or indirectly 
improve flood risk management in the Central Valley. Neither development 
nor adoption of the CVFPP represents a commitment by the State to 
provide or to maintain any particular level of flood protection (CWC 
Section 9603(a)). State participation in implementing flood protection may 
range from leadership in project development and financial assistance to 
technical support. State agencies may also pursue recommended changes to 
policies, standards, or regulations, as appropriate to their existing 
authorities. 
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Figure 2-4.  Planning Regions for Data Collection and Public Engagement 
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For example, DWR may participate in recommended follow-on feasibility 
studies, or pursue improvements to its core flood management functions 
(such as O&M or emergency response). The CVFPP will also help define 
DWR’s role in future improvement projects, including risk assessments, 
urgent repairs, and local and regional projects. DWR is currently 
developing criteria for local agencies to use in demonstrating an urban level 
of flood protection for urban and urbanizing areas, pursuant to CWC 
Section 9602. After adoption of the plan, DWR will continue to provide 
technical assistance to local jurisdictions in applying these criteria and 
aligning local planning efforts with the CVFPP. 

After adoption of the 2012 CVFPP, the Board may choose to take action 
within its existing jurisdictional and regulatory capacities. Adoption of the 
plan by the Board will trigger various existing requirements related to local 
land-use planning and management (see Local and Regional, below). 

Other State agencies may also choose to take action within their existing 
jurisdictional roles and responsibilities based on information in the CVFPP. 

2.3.2 Federal Use of Central Valley Flood Protection 
Plan 

In mutual recognition of the importance of close collaboration and 
coordination on Central Valley flood risk reduction measures, USACE is 
conducting a parallel planning process, the Central Valley Integrated Flood 
Management Study (CVIFMS) (currently under development), with DWR 
and the Board as the nonfederal sponsors. Scheduled to be completed in 
2017, this program-level feasibility study will complement the CVFPP. It 
will define a long-range flood management program for the Sacramento 
and San Joaquin river basins and a corresponding level of federal 
participation. In relation to the CVFPP, the study will also evaluate flood 
management improvements in the Central Valley from a federal 
perspective, and help determine federal interest in implementation. USACE 
intends to coordinate closely on CVFPP development to provide input, 
review documents, and produce joint data, information, and analytical 
tools. USACE will also provide technical expertise on flood hydrology 
development, reservoir operations analyses, and incorporation of risk-based 
decision-making processes that improve system reliability. 

The CVIFMS may result in Congressional action authorizing or modifying 
federal participation in projects consistent with the CVFPP. The CVFPP 
may influence federal actions or provide information to ongoing or new 
USACE feasibility studies evaluating site-specific improvements to the 
flood management system. 
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The CVFPP is unlikely to directly influence current activities of FEMA, 
such as administration of the National Flood Insurance Program. However, 
the CVFPP may recommend changes to the scope or administration of 
federal programs related to flood risk management. 

2.3.3 Local and Regional Use of Central Valley Flood 
Protection Plan 

Adoption of the 2012 CVFPP will trigger various requirements related to 
local land-use planning and management. These requirements oblige local 
jurisdictions to consider flood risk and flood management in their planning 
and decision making (such as general plans, zoning ordinances, 
development agreements, and other discretionary actions), concurrent with 
development of the 2012 CVFPP and after its adoption by the Board. Local 
jurisdictions may use information or guidance contained in the CVFPP to 
demonstrate consistency with State urban flood protection requirements, or 
to guide development of local or regional flood projects consistent with the 
CVFPP to garner State financial participation. 

2.4 Studies and Reports Related to Central 
Valley Flood Protection Plan 

Development of the 2012 CVFPP includes work to achieve various 
planning milestones, environmental review activities, communication and 
engagement with partners and interested parties, technical analyses and 
data collection, and related efforts.  Key planning milestones completed 
include developing documentation related to the SPFC; defining flood and 
related resource problems; and identifying goals, guiding principles, 
objectives, and management actions. 

As a companion effort to the CVFPP, DWR is developing a Central Valley 
Flood System Conservation Strategy (CVFSCS), which is a long-term 
strategic approach for DWR to (1) achieve the environmental goals and 
objectives of the Central Valley Flood Protection Act, FloodSAFE 
Initiative, and CVFPP; (2) implement the environmental stewardship 
policy; and (3) address public environmental expectations. The goal is to 
integrate environmental stewardship into flood system planning and 
ongoing O&M.  Supporting environmental enhancement as a primary 
planning objective has the added benefit of reducing environmental 
regulatory compliance issues for projects and/or operations, which then 
benefits DWR through increased regulatory agency support, reduces costs 
in project development, and reduces time frames for implementing actions.  
Integrating environmental stewardship in the project conception and design 
phase creates the opportunity to develop a project that is more sustainable 
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and cost effective, and that will provide ecological benefits and protect 
water supply and public safety.  Performing initial planning for 
development of the CVFSCS is a key milestone for development of the 
CVFPP. 

The CVFSCS is a long-term strategic effort that will evolve as the CVFPP 
is updated every 5 years.  The first phase of the CVFSCS is the 
Conservation Framework, discussed in detail in Attachment 2: 
Conservation Framework. The Conservation Framework is a preview of the 
CVFSCS and an environmental guide for the CVFPP reader.  It describes 
how environmental stewardship is integrated, directs the reader to relevant 
environmental elements, and provides environmental detail in the text and 
through technical supporting documentation.  In some cases, conservation 
strategy elements may not be identified separately if the planning process is 
successful at integrating environmental stewardship.  For example, 
restoration opportunities identified through the Conservation Framework 
Restoration Opportunity Analysis would be integrated into the SSIA. 

Activities in progress now to support development of the long-term 
CVFSCS will continue past completion of the 2012 CVFPP and lead to 
completion of the long-term CVFSCS to coincide with and support the 
2017 update of the CVFPP.  By the 2017 update of the CVFPP, the 
CVFSCS will be fully developed and will complement the CVFPP and the 
federal CVIFMS. 

Several other documents have been completed or are under preparation to 
meet the legislative requirements of CWC Section 9120, as previously 
mentioned. These documents informed the planning process for the 
CVFPP. They are separate, but complementary, documents in different 
phases of development. 

Table 2-1 summarizes companion documents to the CVFPP that have been 
developed or are currently under development. 
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Table 2-1.  CVFPP Companion Documents 
Name Reference 

CVFPP Program Environmental Impact Report DWR, anticipated 2012 
CVFPP Progress Report DWR, 2011b 
State Plan of Flood Control Descriptive Document DWR, 2010a 
Flood Control System Status Report DWR, 2011a 
Management Actions Report DWR, 2010d 
Regional Conditions Report – A Working Document DWR, 2010b 

Urban Levee Design Criteria DWR, 2011a (update 
anticipated 2012) 

Urban Level of Flood Protection Development underway 
Attachment 1: Legislative Reference DWR, anticipated 2012 
Attachment 2: Conservation Framework DWR, anticipated 2012 
Attachment 3: Documents incorporated by Reference DWR, anticipated 2012 
Attachment 4: Glossary DWR, anticipated 2012 
Attachment 5: Engagement Record DWR, anticipated 2012 
Attachment 6: Contributing Authors DWR, anticipated 2012 
Attachment 7: Plan Formulation Report DWR, anticipated 2012 
Attachment 8: Technical Analysis Summary Report DWR, anticipated 2012 
Key: 
CVFPP = Central Valley Flood Protection Plan 
DWR = California Department of Water Resources 

Table 2-2 summarizes USACE studies, FloodSAFE documents, and other 
State or federal plans and studies related to the CVFPP. 
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Table 2-2.  Documents and Ongoing Studies Related to 2012 CVFPP 

Name Authorizing 
Agency 

American River Common Features General Reevaluation Report USACE 
Bay-Delta Conservation Plan DWR 
California Water Plan DWR 
Central Valley Integrated Flood Management Study USACE 
Delta Islands and Levees Feasibility Study USACE 
Delta Risk Management Strategy DWR 

Delta Plan Delta Stewardship 
Council 

FloodSAFE Implementation Plan DWR 
FloodSAFE Revised Economic Impact Analysis of the Proposed Mandatory 
Building Code Update for Single-Family Residential (R-3 and R-3.1) and 
Educational (E) Occupancy Groups 

DWR 

FloodSAFE Strategic Plan DWR 
Frazier Creek/Strathmore Creek Feasibility Study USACE 
Levee System Integrity Program DWR 
Lower Cache Creek General Investigation USACE 
Lower San Joaquin River Feasibility Study USACE 
Merced County Streams Feasibility Study and General Reevaluation 
Report USACE 

Rock Creek/Keefer Slough Feasibility Study USACE 
Sacramento-San Joaquin River Basins Comprehensive Study USACE 
Sacramento River Bank Protection Project – Phase II Supplemental 
Authorization USACE 

Sacramento River Bank Protection Project – Phase III USACE 
San Joaquin River Restoration Program Reclamation 
Sutter Basin Feasibility Study USACE 
West Sacramento Area Flood Control Agency Project and General 
Reevaluation Report USACE 

West Stanislaus County/Orestimba Creek Feasibility Study USACE 
White River/Deer Creek Feasibility Study USACE 
Yuba River Basin Project General Reevaluation Report USACE 
Key: 
CVFPP = Central Valley Flood Protection Plan 
DWR = California Department of Water Resources 
Reclamation = U.S. Department of Interior, Bureau of Reclamation 
USACE = U.S. Army Corps of Engineers 
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3.0 Systemwide Conditions 
This section provides an overview of existing and future systemwide 
conditions in the SPFC and Systemwide Planning Areas.  More detailed 
information can be found in the plan-related and reference documents listed 
in Section 2.4. 

3.1 Existing Systemwide Conditions 

The following subsections present information on, or references to, reports 
with information on existing environmental, physical, social, economic, 
and policy and institutional conditions.  This section is based primarily on 
existing and available information.  Information on existing systemwide 
conditions will be updated as relevant technical data are developed for 
future updates of the CVFPP. 

3.1.1 Existing Environmental Conditions 
Three documents attached to the 2012 CVFPP were used to discuss the 
existing environmental conditions in the Systemwide Planning Area: 

• The most detailed description of the ecological environment and 
biological conditions in the Systemwide Planning Area is in the PEIR 
(DWR, 2012).  Topics discussed include aesthetics, air quality, aquatic 
and terrestrial biological resources, geology, soils, and seismicity, 
groundwater resources, hazards and hazardous materials, hydrology, 
land use and planning, noise, public services, recreation, transportation 
and traffic, utilities and service systems, and water quality. 

• The RCR (DWR, 2010b) also discusses biological conditions 
(terrestrial and aquatic resources), social and economic conditions, 
cultural resources, institutional, emergency planning, response, and 
recovery. 

• Floodway ecosystem conditions are discussed in further detail in the 
Attachment 2: Conservation Framework.  Topics discussed include 
river flow and hydrologic processes; geomorphic processes and channel 
and floodplain dynamics; and riparian and riverine habitats and species, 
invasive species, and fish passage barriers. 
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3.1.2 Existing Physical Conditions 
The primary focus of the 2012 CVFPP is to reduce flood risk and promote 
integrated flood management for areas protected by the SPFC facilities 
illustrated in Figures 3-1 and 3-2, and described in Table 3-1. 

The SPFC flood management system evolved over time through an 
incremental construction process driven by periodic flood disasters, and the 
need to maintain navigable channels, reclaim lands for agricultural use, and 
support population growth and development in the Central Valley. 

SPFC facilities have been added over time through the individual and 
combined efforts of State, federal, and local agencies. These features were 
constructed with varying design standards and construction techniques, and 
do not provide a consistent level of flood protection throughout the system. 
Despite efforts to manage floods through building and upgrading facilities, 
changes in land use in areas protected by the SPFC, including urban 
development in floodplains and a shift to higher value permanent 
agriculture, have increased consequences of flooding over time. 
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Key: SPFC = State Plan of Flood Control 

Figure 3-1.  State Plan of Flood Control Facilities, Sacramento River Basin 
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Key: SPFC = State Plan of Flood Control 

Figure 3-2.  State Plan of Flood Control Facilities, San Joaquin River Basin 
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Table 3-1.  Overview of State Plan of Flood Control 
Feature and Description 
Project Works: 
 • Approximately 1,600 miles of levees  

• Two flood relief structures and one natural overflow area spilling floodwaters from the Sacramento 
River into the Butte Basin 

• Four fixed weirs (Moulton, Colusa, Tisdale, Fremont) and one operable weir (Sacramento) spilling 
floodwaters from the Sacramento River into the Butte Basin, Sutter Bypass, and Yolo Bypass 

• Four dams (North Fork Feather River Diversion, Oroville Dam, Cache Creek Settling Basin, Castle 
Dam) 

• Five control structures directing flow in bypass channels along the San Joaquin River 
• Seven major pumping plants 
• Channels 
• Bypasses and sediment basins 
• Environmental mitigation areas 
• Associated facilities, such as bank protection, stream gages, and drainage facilities 

Lands: 
 • Fee title, easements, and land-use agreements 

• Approximately 18,000 parcels 

Operations and Maintenance: 
 • Two standard operations and maintenance manuals 

• 118 unit-specific operations and maintenance manuals 
• Maintenance by State and local maintaining agencies 

Conditions: 
 • Assurances of Cooperation (as specified in Memorandums of Agreement, the California Water 

Code, and agreements) 
• Flood Control Regulations, Section 208.10, 33 Code of Federal Regulations 
• Requirements of standard and unit-specific operations and maintenance manuals 
• Design profiles (1955 and 1957) 

Programs and Plans: 
 • Historical documents and processes 

• As-constructed drawings 
• Oversight and management 
• Ongoing programs and plans 

Key: 
State = State of California 
 

Current Status of State Plan of Flood Control Facilities 
Today, much of the legacy Central Valley flood management system is 
characterized by aging infrastructure, built over many years, often using 
outdated standards and techniques. In addition, the system is subject to 
different hydrologic and climate conditions at the present time than when 
the facilities were originally constructed. Society’s expectations for flood 
system performance that also supports other benefits, such as ecosystem 



2012 Central Valley Flood Protection Plan 
Attachment 7: Plan Formulation Report 

3-6 January 2012 
 Public Draft 

function, are also different today than when the SPFC facilities were 
originally constructed. 

Although the SPFC has prevented billions of dollars in flood damages since 
facilities were originally constructed, some SFPC facilities face a high 
chance for failure when evaluated against modern engineering and safety 
criteria (DWR, 2011). The general condition of urban levees, nonurban 
levees, and channels of the SPFC are presented in Figure 3-3 and 
summarized below: 

• Approximately half of about 300 miles of SPFC urban levees evaluated 
do not meet current engineering criteria. 

• Approximately three-fifths of about 1,200 miles of SPFC nonurban 
levees evaluated have a high relative potential for failure from under-
seepage, through-levee seepage, structural instability, and/or erosion. 

• Approximately half of the 1,016 miles of channels evaluated in the 
SPFC have inadequate capacities to convey design flows; these 
channels require additional evaluation to confirm conditions. 

• None of the 32 hydraulic structures or 11 pumping plants inspected by 
DWR for the SPFC were rated Unacceptable during the 2009 
inspections; however, many are approaching the end of their design 
lives and need replacement, or at least, major rehabilitation.  Of the 10 
SPFC bridges inspected by DWR in 2009, 2 were in need of repairs. 

The most detailed description of existing conditions for flood 
management facilities in the SPFC Planning Area are in the State Plan 
of Flood Control Descriptive Document (DWR, 2010a) and FCSSR 
(DWR, 2011a). 

The SPFC represents a portion of the Central Valley flood management 
system for which the State has special responsibilities, as defined in the 
California Water Code.  It is defined as follows (CPRC 5096.805(j)): 

The state and federal flood control works, lands, programs, 
plans, conditions, and mode of maintenance and operations of 
the Sacramento River Flood Control Project described in 
Section 8350 of the Water Code, and of flood control projects in 
the Sacramento River and San Joaquin River watersheds 
authorized pursuant to Article 2 (commencing with Section 
12648) of Chapter 2 of Part 6 of Division 6 of the Water Code 
for which the board or the department has provided the 
assurances of nonfederal cooperation to the United States. 
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Figure 3-3.  Summary of Physical Levee Conditions Based on Levee Evaluations 
Program Results 
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• The State Plan of Flood Control Descriptive Document (DWR, 2010a) 
includes detailed descriptions of SPFC works or facilities, SPFC lands, 
SPFC O&M, SPFC conditions, and programs and plans related to the 
SPFC.  Existing physical conditions are described in Sections 2, 3, and 
4.  The document also includes a less detailed description of non-SPFC 
works or facilities that affect SPFC O&M as part of the larger flood 
management system. 

• The FCSSR (DWR, 2011a) presents the current status, or physical 
condition of SPFC levees, channels, and flood control structures, and 
limited information on non-SPFC facilities.  Adverse physical 
conditions identified in the FCSSR are used as a basis for defining 
flood and related resources problems for the 2012 CVFPP, and are 
discussed in Section 4. 

3.1.3 Multipurpose Reservoirs and Designated 
Floodways 

There are numerous multipurpose reservoirs and designated 
floodways that are important to flood management in the Central 
Valley.  The State has not provided assurances of cooperation to 
the federal government for most of the multipurpose dams 
(except Oroville Dam) or designated floodways, so they are not 
considered SPFC facilities.   

Where implemented, the Board’s Designated Floodway Program 
helps limit further development into active floodways.  Although 
not considered SPFC facilities, designated floodways are an 
important management tool to help the State meet its 
requirement for passing project design flows and are therefore a 
condition of project operation for the SPFC. For more 
information on how designated floodways are part of the SPFC, 
see Section 6.8 of the State Plan of Flood Control Descriptive 
Document (DWR, 2010a). 

Figure 3-4 provides an overview of multipurpose reservoirs 
within the Sacramento and San Joaquin river basins that include 

flood management as one of the purposes.  Additional details concerning 
the reservoirs are summarized in Table 3-2. An overview of designated 
floodway locations is shown in Figure 3-5. 

State Assurances 
of Cooperation to 

the Federal 
Government 

• Not given for most 
multipurpose reservoirs 
in the Central Valley 
because no direct State 
operational 
responsibility. 

• Not given for 
designated floodways 
because they are a 
condition of project 
operation for the SPFC. 
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3.1.4 Assets Protected by the State Plan of Flood 
Control 

Over the last century, the Central Valley has experienced intensive 
development to meet the needs of a growing population.  A complex water 
supply and flood risk management system supports and protects a vibrant 
agricultural economy, several cities, and numerous small communities.  
The SPFC protects a population of more than 1 million people, major 
freeways, railroads, airports, water supply systems, utilities, and other 
infrastructure of statewide importance, including more than $70 billion in 
assets (includes structural and content value, and estimated annual crop 
production values) (Figure 3-6).  Many of the more than 500 species of 
native plants and wildlife found in the Central Valley rely to some extent 
on habitat existing within the SPFC Planning Area. 
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Figure 3-4.  Multipurpose Reservoirs Within Sacramento and San Joaquin River Basins 
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Table 3-2.  Multipurpose Reservoir Project Summary 

Reservoir Dam Year 
Completed 

Total 
Reservoir 
Capacity 

(TAF) 

Flood 
Storage 
Capacity 

(TAF) 
Owner/Operator 

Sacramento River Basin 

Shasta Lake Shasta Dam 1949 4,552 1,300 Reclamation 

Black Butte Lake Black Butte Dam 1963 144 136 USACE 

Folsom Lake Folsom Dam 1956 975 6702 Reclamation 

Lake Oroville Oroville Dam1 1967 3,538 750 DWR 

New Bullards Bar 
Reservoir 

New Bullards 
Bar Dam 1967 970 170 Yuba County 

Water Agency 

Indian Valley Reservoir Indian Valley 
Dam 1976 301 40 

Yolo County Flood 
Control and Water 
Conservation 
District 

San Joaquin River Basin 

Millerton Lake Friant Dam 1949 521 1703 Reclamation 

Lake McClure New Exchequer 
Dam 1967 1,025 350 Merced Irrigation 

District 

New Don Pedro 
Reservoir 

New Don Pedro 
Dam 1970 2,030 340 Turlock Irrigation 

District 

Hensley Lake Hidden Dam 1975 90 65 USACE 

H.V. Eastman Lake Buchanan Dam 1975 151 45 USACE 

New Melones Lake New Melones 
Dam 1978 2,420 450 Reclamation 

Los Banos Detention 
Reservoir Los Banos Dam 1965 35 14 Reclamation/DWR 

Pardee Reservoir Pardee Dam 1963 210 

2004 East Bay Municipal 
Utilities District 

Camanche Reservoir Camanche Dam 1963 431 

New Hogan Reservoir New Hogan Dam 1964 317 152 USACE 

Source: USACE, 1997 
Notes: 
1   Oroville Dam is part of the SPFC, as is the smaller single-purpose Castle Dam in the San Joaquin River Basin. All other dams in 

this table are non-SPFC.   
2   Folsom Dam is operated with variable flood storage between 400,000 acre-feet and 670,000 acre-feet to take credit for seasonally 

available storage in upstream reservoirs. 
3   Friant Dam is operated in conjunction with Mammoth Pool and upstream reservoirs. 
4    Camanche Dam is operated in conjunction with Pardee Dam and upstream reservoirs. 
Key: 
DWR = California Department of Water Resources 
Reclamation = U.S. Department of the Interior, Bureau of 
Reclamation 

 
SPFC = State Plan of Flood Control  
TAF = Thousand acre-feet  
USACE = U.S. Army Corps of Engineers 
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Figure 3-5.  Designated Floodways Within Sacramento and San Joaquin River Basins 
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Figure 3-6.  Geographic Distribution of Assets Protected by State Plan of Flood Control 
Facilities 
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3.1.5 Existing Social and Economic Conditions 
Detailed descriptions of existing social and economic conditions in the 
planning area are summarized in the Attachment 8: Technical Analysis 
Summary Report: 

• Attachment 8F: Flood Damage Analysis – Expected annual damages 
are calculated using the USACE Hydraulic Engineering Center (HEC)-
Flood Damage Assessment (FDA) model to analyze direct tangible 
flood damages to structures, businesses, and crops, and indirect tangible 
costs related to emergency response and recovery. 

• Attachment 8G: Life Risk Analysis – Analyzes life risk as a 
qualitative indicator of flood risk using a HEC-FDA modeling 
approach. 

• Attachment 8H: Regional Economic Analysis – Estimates the effects 
of proposed flood management improvements on regional economic 
activity, specifically employment (jobs) and output (dollars). 

• Attachment 8I: Benefit Assessment – Describes benefit categories 
associated with proposed flood management improvements in the 2012 
CVFPP. 

Topics in the attachments include building cost per square foot; estimate of 
structure and content value, crop damage values; estimate of emergency 
costs; life safety as an indicator of flood risk; comparison of conditions 
analyzed and their respective life safety values; population and household 
income; employment and economic output by industry, employment, State 
and local tax revenue; regional economic impact analysis; and economic 
benefit evaluation framework. 

3.1.6 Existing Policy and Institutional Conditions 
Detailed descriptions of policy and institutional conditions in the 
Systemwide Planning Area are presented in the RCR (DWR, 2010b).  
Topics include laws and regulations, governance structures and 
responsibilities, funding, and coordination. Further description of existing 
policy and institutional conditions are contained in the Descriptive 
Document, Sections 5, 6, and 7, for O&M, conditions (terms), and 
programs and plans related to the SPFC. 
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3.2 Likely Future Systemwide Conditions 

Defining existing conditions and how these conditions may change in the 
future is critical to the planning process. The magnitude of change 
influences not only the scope of problems and opportunities, but the extent 
of related conditions that could be affected by possible actions taken to 
address them. This section briefly describes the period of analysis for the 
2012 CVFPP, key drivers and influencers for integrated flood management, 
and likely future conditions. 

For the 2012 CVFPP, the period of analysis is through 2050. The period of 
analysis is the time frame for which plan effects are evaluated and likely 
changes in conditions are considered. All plan elements were analyzed 
using this period of analysis. It should be noted that project life for many 
plan elements may be longer than the period of analysis.  Further, it may 
not be possible to project or anticipate all changes over the period of 
analysis. 

Key drivers and influencing factors associated with integrated flood 
management define likely future conditions and challenges. Drivers are 
trends and external forces outside the control of flood managers that impact 
integrated flood management.  Drivers and influencers for integrated flood 
management in the Central Valley include the following: 

• Change in population, and type and location of development in 
floodplains 

• Water supply reliability and conveyance needs 

• Climate change 

• Environmental regulations 

• Water quality 

• Availability of public funding for flood management system 
improvements 

• Legislative mandates to increase levels of flood protection in urban and 
urbanizing areas 

For more detailed information on these drivers and influencers, see the 
RCR (DWR, 2010b). 

Predicting future changes to the physical, biological, social, and economic 
environments is complicated by various flood management, ecosystem 
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restoration, water supply reliability, and water quality efforts that are 
anticipated to be implemented over the period of analysis (through 2050). It 
is difficult to estimate how these individual projects may influence future 
conditions because they are not part of a well-defined, integrated, or 
regional plan. Furthermore, these efforts may not meet the conditions 
generally required for projects to be considered reasonably foreseeable 
(i.e., authorized, funded, and permitted, or under construction). Following 
is a brief description of likely changes in future conditions. 

3.2.1 Likely Future Environmental Conditions 
Basic conditions in the physical environment are expected to remain 
relatively unchanged in the future. No significant changes to area 
topography, bathymetry, soils, or geology are foreseen. Continued 
development in urban and suburban areas is expected. 

Without physical changes to the river basins, hydrologic conditions will 
probably also remain unchanged. The region’s hydrology could be altered 
should there be significant changes in global climatic conditions. Without 
changes in hydrology, topography, or geology, sedimentation and erosion 
patterns are also likely to remain unchanged. 

Increased population is one factor that could degrade water quality, but 
existing regulations require mitigation for that effect. Increased ecosystem 
restoration (i.e., restored wetlands) would provide some improvement in 
water quality. In addition, efforts are underway to better manage the quality 
of runoff from urban environments to stream systems, and to control the 
levels and types of herbicides, fungicides, and pesticides that can be used in 
the environment. 

As the population continues to grow, a general degradation of air quality 
conditions could occur. However, because of technological innovation and 
increasingly stringent regulations, air quality could improve over time. 

Ongoing restoration efforts along rivers are expected to marginally improve 
natural riparian habitat, riverine processes, and rivers’ abilities to meander. 
Restoring floodplain processes will also provide some flood protection by 
increasing groundwater recharge. Without levee realignments or new 
offstream storage or bypasses, the geomorphology of the Sacramento and 
San Joaquin river basins would remain similar to present conditions. 

Efforts are underway by numerous agencies and groups to restore various 
biological conditions throughout the Sacramento and San Joaquin river 
basins. Accordingly, areas of wildlife habitat, including wetlands and 
riparian vegetation areas, are expected to be protected and restored. While 
regional habitat planning initiatives exist, most habitat improvement will be 
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based on separate opportunities that are not integrated in a single plan. 
Therefore, ongoing restoration will likely provide localized benefits. 

Through ongoing efforts of various agencies and groups, populations of 
special-status species in riverine and nearby areas are estimated to 
generally remain constant. Although increases in anadromous and resident 
fish populations could occur through implementing various ongoing 
restoration projects, some degradation will likely occur through actions that 
reduce flows or elevate water temperatures. 

3.2.2 Likely Future Physical Conditions 
Urban development within floodplains will increase the need for improved 
flood management.  Urban development adjacent to existing flood 
management facilities will limit options and opportunities for facilities 
improvement in urban areas. The cost and time necessary to conduct 
routine facility maintenance or reconstruct or improve existing facilities 
will affect implementation of those efforts.  Compliance with existing 
environmental regulations will continue to constrain maintenance activities 
and affect decisions on where and when new flood management facilities 
can be constructed, pending funding availability. 

3.2.3 Likely Future Social and Economic Conditions 
The population of California is estimated to increase from about 37 million 
to more than 60 million by 2050 (DOF, 2007). Growth in population may 
contribute to the conversion of agricultural and other rural land to urban 
uses, particularly in the Central Valley. This will increase flood risk and 
further reduce land available for maintaining and restoring ecosystem 
values. 

Anticipated increases in population growth in the Central Valley will also 
increase demands on water resources systems for additional and reliable 
water and energy supplies; water-related, recreational, and flood 
management facilities; water and wastewater utilities; public services such 
as fire, police protection, and emergency services; and communication 
infrastructure. Modification of existing traffic corridors and construction of 
new transportation routes will likely occur, further connecting anticipated 
population growth centers in the Central Valley. Anticipated increases in 
population will also have impacts on visual resources as areas of open 
space are converted to urban uses. 

3.2.4 Likely Future Policy and Institutional Conditions 
Flood management in the Central Valley rests on a complex institutional 
landscape.  Laws and regulations exist at multiple levels (State, federal, and 
local), and are evolving.  Changing laws and regulations will need to be 
considered for future plans and projects.  
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4.0 Flood and Related Resource 
Problems 

As discussed in the Regional Conditions Report – A Working Document 
(DWR, 2010b), the landscape of the Central Valley and its drainage area 
has changed dramatically since the flood management system was initially 
built because of urban expansion, agricultural intensification, changes in 
societal values, and changes in land cover in the valley and upper 
watershed source areas. From these and other changes, problems have 
developed related to flood risk management and related resource 
conditions. This section describes flood-management-related problems that 
are addressed through the 2012 CVFPP. 

In the context of this section, a “problem” is an undesirable condition – 
something that is currently viewed as “broken” or will likely be so in the 
future.  Problems provide a common focal point or reason for people to join 
together in a planning process. As part of the outreach process for the 2012 
CVFPP, problems were initially identified from the input of State, federal, 
regional, local, and tribal interests.  Many of these interested parties 
participated in planning area work groups and/or topic work groups 
convened to help articulate existing resource conditions for the 2012 
CVFPP; problem identification was an important output of those meetings. 
In this manner, the outreach process helped DWR identify potential 
environmental, physical, economic and demographic, and policy and 
institutional problems.  Concurrently with the outreach process, 
environmental problems were clarified through the CVFPP PEIR, and 
physical problems were clarified through the FCSSR. 

As mentioned, problems are the common ground that motivates collective 
participation in a planning process – the reason for undertaking the effort.  
As such, problems were instrumental in helping participants shape broad 
goals and specific objectives for the 2012 CVFPP, and were crucial 
building blocks for identifying, developing, and screening potential 
management actions and solutions. These initial solutions and management 
actions were captured and advanced for consideration in the next phase in 
the 2012 CVFPP development process, which is preliminary approach 
development. 
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4.1 Environmental Problems 

This section briefly describes environmental problems in the 
Systemwide Planning Area.  For more detail, see the PEIR and 
Attachment 9B: Status and Trends of the Riparian and Riverine 
Ecosystems of the Systemwide Planning Area. 

Much of the Central Valley levee system was built over many 
years using whatever sands, silts, clays, and soils, including 
organic soils that were conveniently available, often poorly 
compacted over inadequate foundations.  Due to limited data, 
estimates of storm magnitudes, and, thus, flood storage and 
conveyance requirements, have been consistently low.  System 
capacity issues are further exacerbated by the impacts (such as 
increased variability) of global climate change.  This evolving 
system of levees, bypasses, dams, and pumps was originally 
constructed to foster economic development and promote public 
safety.  However, with declining environmental quality due to 
many causes, the remaining high-quality riparian habitat along the 
Central Valley’s leveed streams has taken on greater importance 
for the preservation of salmon (Oncorhynchus), steelhead 
(Oncorhynchus mykiss), sturgeon (Acipenser), Swainson’s hawks 
(Buteo swainsoni), bank swallows (Riparia riparia), giant garter 
snakes (Thamnophis gigas), and many other threatened or 
endangered species.  Environmental quality has become an 
increasingly important consideration in the design, construction, 
operations, and maintenance of the flood management system. 

In many parts of the Sacramento and San Joaquin river basins, 
dynamic, geomorphic and biological processes are severely 
compromised. The historical practice of constructing SPFC levees 

close to the river channels to induce sediment scour has, in many cases, 
interfered with the natural stream meandering process.  Riverine habitats 
and ecosystem functions have been degraded over time through changes in 
land use, construction of dams and levees, water pollution, and other 
causes. 

As a result, the geographic extent, quality, and connectivity of native 
habitats along Central Valley rivers have all declined so that the system can 
no longer support sustainable populations of many species. Today, less 
than 4 percent of the historical riparian forests that lined valley streams 
remain, with a significant portion of this forest growing on, or close to, 
levees of the SPFC. 

 

Identified Flood 
Risks & Related 

Problems 

Ecosystems – The 
construction, operations, 
and maintenance of the 
existing flood management 
system have also 
contributed to declining 
conditions and trends for 
biological resources within 
the flood management 
system. This includes the 
loss, degradation, and 
fragmentation of natural 
aquatic and terrestrial 
habitat; declines in species 
populations and 
constraints on species 
movement; increases in 
stressors on these habitats 
and species; and 
disruption in the 
hydrologic, geomorphic, 
and ecological processes 
upon which their habitats 
and species depend.  
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4.2 Physical Problems 

Physical problems affecting performance of SPFC facilities are described 
in detail in the FCSSR (DWR, 2011a).  Although the SPFC has prevented 
billions of dollars in flood damages since construction, some SFPC 
facilities face an unacceptably high chance of failure.  In addition, an 
unintended consequence of the long-term effort to construct and upgrade 
SPFC facilities and the multipurpose reservoir system is that flood damages 
have increased over time due to development in levee-protected areas.  
That is, although the chance and frequency of flooding are decreased, the 
damages that occur when flooding does occur are much greater, resulting in 
a net long-term increase in cumulative damages. 

The overall condition of urban levees, nonurban levees, channels, and flood 
control structures of the SPFC are presented in Figure 4-1 and can be 
summarized as follows: 

• Urban levees – Approximately half of about 300 miles8 of SPFC urban 
levees evaluated do not meet current levee freeboard, stability, or 
seepage design criteria9 at the design water surface elevation. 

• Nonurban levees – Approximately three-fifths of about 1,200 miles of 
SPFC nonurban levees evaluated have a high potential for failure from 
under-seepage, through-seepage, structural instability, and/or erosion at 
the assessment water surface elevation.10 Nonurban levees were 
evaluated based on systematic, consistent, repeatable analyses that 
correlated geotechnical data with levee performance history, not 
relative to any current design criteria.11 

• SPFC channels – Approximately half of the 1,016 miles of channels 
evaluated in the SPFC have a potentially inadequate capacity to convey 
design flows, and require additional evaluation to confirm conditions. 

                                                           
8   Additional 10 miles of SPFC urban levees are being evaluated, and results will be  

included in future updates. 
9   The design criteria used were based on the USACE 2000 Design and Construction of 

Levees Engineering Manual 1110-2-1913, and DWR 2010 Interim Levee Design Criteria 
for Urban and Urbanizing Areas in the Sacramento Valley, Version 4. 

10   Where available, 1955/57 design water surface elevations were used as the 
assessment water surface elevation.  In the absence of 1955/57 design water surface 
elevations, the assessment water surface elevation was based on freeboard 
requirements for each levee segment (i.e., generally 3 feet below the levee crest). 

11   This approach was selected because the extent of the NULE Project is significantly 
greater than the ULE Project, making it difficult to conduct the same level of field 
explorations and geotechnical data collection performed for ULE levees. 

Identified Flood 
Risks & Related 

Problems 

Operations & 
Maintenance – O&M 
(including significant 
repairs) of the flood 
management systems in 
the Sacramento and San 
Joaquin river basins is 
difficult and often deferred 
because of limitations from 
original system design; 
prevalent system 
encroachments; 
inconsistent standards and 
practices; complex, time-
consuming, and at times 
conflicting permitting and 
mitigation requirements, 
and lack of reliable funding 
sources and financial 
instruments.  
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Key: SPFC = State Plan of Flood Control 
Figure 4-1.  Summary of Physical Levee Conditions Based on Levee Evaluations 
Program Results 
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• SPFC flood control structures – None of the 32 hydraulic structures 
or 11 pumping plants inspected by DWR for the SPFC were rated 
Unacceptable during the 2009 inspections.  Of the 10 SPFC bridges 
inspected by DWR in 2009, 2 were in need of repairs. 

O&M and repairs of the flood management system are difficult to execute 
and often deferred for many reasons.  These include the original system 
design deficiencies; inadequate funding; encroachments; inconsistent levee 
maintenance practices among maintaining agencies; and complex, time-
consuming, and conflicting permitting and mitigation requirements.  

Table 4-1 lists factors that influence facility performance, findings related 
to each factor, and the relative threat posed by the factor. 

Table 4-1.  Flood Control System Status Report Findings 

 Factors Findings 
Relative 

Threat Posed 
by Factor1 

Le
ve

es
 

Overall Levee 
Condition 

(multiple factors) 

• Approximately half of SPFC urban levees do not meet current 
levee freeboard, stability, or seepage design criteria at the 
design water surface elevation. 

• Approximately three-fifths of SPFC nonurban levees have a high 
potential for levee failure from under-seepage, through-seepage, 
structural instability, and/or erosion at the assessment water 
surface elevation. 

See Figure ES-
2 

Levee Geometry 
Check 

• Approximately one-third of SPFC urban levees deviate from 
current standard levee design prism criteria. 

• Levee geometry deviates significantly from the standard levee 
design prism criteria for some nonurban SPFC levees. 

Medium 

Seepage 

• Approximately one-third of urban levees do not meet current 
seepage design criteria. 

• Almost half of SPFC nonurban levees have a high potential for 
levee failure from under-seepage.  

• Approximately one-quarter of SPFC nonurban levees have a 
high potential for levee failure from through-seepage. 

High 

Structural 
Instability 

• Approximately one-fifth of SPFC urban levees do not meet 
current structural stability design criteria. 

• Approximately one-seventh of SPFC nonurban levees evaluated 
in the Sacramento River watershed and 1 percent in the San 
Joaquin River watershed have a high potential for levee failure 
from structural instability. 

Medium 

Erosion 

• Erosion assessments for urban levees are underway, and results 
are not available at this time. 

• Almost one-sixth of SPFC nonurban levees have a high potential 
for levee failure from erosion. 

Medium 

Settlement • Four known localized levee locations have settlement (localized 
depressions) that endangers the integrity of SPFC levees. Low 

Penetrations2 • More than 6,000 penetration sites are documented in SPFC 
levees, and many more remain undocumented.  Medium 
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Table 4-1.  Flood Control System Status Report Findings (contd.) 

 Factors Findings 
Relative 

Threat Posed 
by Factor1 

 
Levee Vegetation • About 15 miles of SPFC levees are noncompliant with DWR 

2007 Interim Levee Vegetation Criteria.3 5  Low 

 

Rodent Damage 
• More than one-third of the 1,459 miles of SPFC levees studied 

had at least eight reported occurrences of burrowing activity over 
a 21-year study span. 

Medium 

Encroachments4 
• 1,223 encroachment sites were identified as partially or 

completely obstructing visibility and access to the levee and/or 
within 10 feet of the landside toe.5 

Medium 

C
ha

nn
el

s 

Inadequate 
Conveyance 

Capacity 

• Approximately half of the 1,016 miles of SPFC channels 
evaluated are potentially inadequate to convey design flows, and 
require additional evaluation to confirm conditions. 

• Approximately one-quarter of channel design capacities reported 
in O&M manuals do not agree with flows specified in the design 
profiles. 

Medium 

Channel 
Vegetation 

• Of 186 miles of SPFC channels inspected by DWR, one location 
was rated Unacceptable and 54 locations were rated Minimally 
Acceptable because of vegetation and obstructions.5 

Low 

St
ru

ct
ur

es
 

Channel 
Sedimentation 

• Of 186 miles of SPFC channels inspected by DWR, 1 location 
was rated Unacceptable and 23 locations were rated Minimally 
Acceptable because of shoaling/sedimentation.5 

Low 

Inadequate 
Hydraulic 
Structures 

• Of 32 SPFC hydraulic structures inspected by DWR, no 
structures were rated Unacceptable because of structural, 
vegetation/obstruction, encroachment, or erosion/sedimentation 

5 

Low 

Inadequate 
Pumping Plants 

• Of 11 SPFC pumping plants inspected by DWR, none were rated 
Unacceptable.5 Low 

Inadequate 
Bridges 

• Of 10 SPFC bridges inspected by DWR, 2 were in need of 
repairs.5  Low 

Notes: 
1   The relative threats listed in Table 4-1 were generated based on professional experience of technical staff from DWR and 

partner agencies. 
2   Penetrations include man-made objects that cross through or under a levee or floodwall and have the potential to provide a 

preferential seepage path or hydraulic connection with the waterside.  Typically, a penetration is a pipe or transportation 
structure, such as a roadway or rail line. 

3    This finding is based on DWR 2007 Interim Levee Vegetation Criteria and not on USACE levee vegetation criteria. 
Comparison with USACE levee vegetation criteria would show more SPFC levees as noncompliant. 

4    Encroachments are any obstruction or physical intrusion by construction of works or devices, planting or removal of 
vegetation, or caused by any other means, for any purpose, into a flood control project, waterway area of the flood control 
project, or area covered by an adopted plan of flood control (California Code of Regulations Title 23 Chapter 1 Article 2 
Section 4 (m)).  Encroachments include boat docks, ramps, bridges, sand and gravel mining, placement of fill, fences, 
retaining walls, pump stations, residential structures, and irrigation and landscaping materials/facilities. 

5  Inspection results reported are from DWR’s 2009 Inspections. 
Key: 
DWR = California Department of Water Resources 
O&M = operations and maintenance 
SPFC = State Plan of Flood Control 
USACE = U.S. Army Corps of Engineers 
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The findings in Table 4-1 are relative to DWR’s current criteria for use in 
the 2012 CVFPP.  In most cases, these criteria are identical, or very similar 
to, USACE criteria.  However, differences between DWR and USACE 
levee vegetation criteria are significant enough that comparison of levees 
with USACE criteria would likely show more SPFC levees as 
noncompliant with current USACE criteria.  Accordingly, using USACE 
criteria for vegetation on levees would likely result in a finding of more 
SPFC levees receiving lower inspection ratings than presented in the 
FCSSR.  DWR and USACE continue to work to resolve these differences. 

4.3 Social and Economic Problems 

As discussed in previous sections, the Sacramento and San 
Joaquin river basins have been subject to flooding and increased 
flood risk to people and property because of physical and 
operational constraints of the existing flood management system, 
increasing use of facilities for multiple purposes beyond the 
original intent of the system, and changing land uses and increased 
population in flood-prone areas stemming from limited 
understanding of flood risk. 

Population increase and distribution will likely drive changes in 
land-use patterns, potentially increasing the population at risk 
from flooding and possibly further reducing existing agricultural 
land and wildlife habitat. Continued urban development within 
major floodplains will also make future changes to the footprint of 
the flood management system progressively more costly, and 
increase consequences and risks (life safety and damages) when 
the flood management system is overwhelmed. 

Climate change is expected to generate more extreme floods, a 
greater fraction of seasonal precipitation as rain rather than snow, 
and rising sea levels.  These trends appear to be already well 
established and, if they continue as expected, they will put 
increasing stress on California’s flood management system.  
Floodplain risk assessments and development constraints will 
likely be adjusted accordingly.  For example, the 1 percent and 0.5 
percent annual chance flood events, calculated based on historical 
flood events, will become larger for many watersheds, with long-term 
effects on National Flood Insurance Program map ratings, flood insurance 
costs, floodplain development, and the economic viability of floodplain 
communities.  In addition, as the moderating effects of snowpack on runoff 
decrease, there will be a need for both greater flood control storage and 
water supply storage, putting greater pressure on California’s multipurpose 

Identified Flood 
Risks & Related 

Problems 
Risks & Consequences 
of Flooding– The 
Sacramento and San 
Joaquin River basins have 
been subject to flooding 
and increased flood risk to 
people and property due to 
physical and operational 
constraints of the existing 
flood management 
systems, increasing use of 
facilities for multiple 
purposes beyond the 
original intent, and 
changing land uses in 
flood-prone areas 
stemming from limited 
understanding of flood risk. 
Flood risk is likely to 
continue to increase in 
some areas of the river 
basins because of climate 
change. 
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flood control reservoirs.  Increased temperatures and altered runoff patterns 
also directly impact the health of California’s natural ecosystems and 
habitats. 

Although flooding along the Sacramento and San Joaquin rivers and their 
major tributaries is a natural process, flooding poses significant risks to 
human life, health, and safety.  Social and economic problems are defined 
in the 2012 CVFPP Supporting Documentation, Technical Documentation, 
Attachment 8F: Flood Damage Analysis, Attachment 8G: Life Risk 
Analysis, and Attachment 8H: Regional Economic Analysis. 

4.4 Policy and Institutional Problems 

Responsibilities for flood management and land-use decisions in 
the Sacramento-San Joaquin Valley are dispersed among many 
agencies.  The development, maintenance, and improvement of 
the State’s flood management system, as well as land-use 
planning, are all related.  Land-use decisions, such as those 
involving development in floodplains, are typically made at the 
local level by counties and cities.  Local jurisdictions often have 
economic incentives to support and encourage such 
development.  On the other hand, when levees fail, resulting in 
flood damages and loss of life, the costs associated with 
floodfighting, rescue, recovery, and rehabilitation are shared by 
local, State, and federal agencies. 

Dispersal of these responsibilities across many local, regional, 
State, and federal agencies can lead to policies, funding practices 

and mechanisms, and institutional arrangements that do not support 
effective flood management and land-use planning. 

Overlapping jurisdictions across various federal and State agencies 
involved in flood management can lead to inconsistent policies and 
regulations. Coordinating activities within this fragmented jurisdictional 
landscape can be challenging, particularly for local entities. 

Policy and institutional problems were identified through the outreach 
process and through the SPFC Descriptive Document (Section 6) (DWR, 
2010a). Contributing factors related to policy and institutional problems 
and their relevance to each of the 5 planning regions discussed in Section 2 
can be summarizes as follows: 

• Flood management is often made difficult by large number of agencies 
and entities involved because of the following for all regions: 

Identified Flood 
Risks & Related 

Problems 
Policy & Institutional – 
Responsibilities and roles 
for flood management in 
the Sacramento and San 
Joaquin river basins are 
dispersed among many 
agencies with varying 
functions and priorities.  
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- Complex jurisdictional roles and responsibilities 

- Conflicting policies, missions, and priorities 

- Conflicting regulations and legislation 

- Lack of coordination (planning and implementation) 

• Land-use decisions at local level may not adequately consider flood 
risk because of the following: 

- Poor or outdated flood risk information and maps for all regions 

- Strong desire for economic development for parts of all regions 

• Land-use practices can affect flood management because of the 
following for parts of all regions: 

- Rapid urbanization 

- Agricultural land practices 

• There is a trend toward strict liability for damages due to flood control 
facility failure that deters construction and effective management of 
flood management projects for all regions 

• Current State, federal, and local funding mechanisms are not adequate 
to sustain effective flood management because of the following for all 
regions: 

- Inability to assess and generate funding at a local level 

- Limitations on State funding 

- Declining federal cost share 

- Federal benefit/cost requirements 

Note that the list above is subjective based on the 2012 CVFPP outreach 
process, and are not meant to be scientifically precise or imply that 
technical or scientific documentation about the condition is necessarily 
available.  In some instances, although problems listed above may have 
been previously been experienced in some regions and have since been 
resolved, concerns remain over the problem potentially recurring in the 
future. 
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4.5 Integrated Water Management 

The flood management systems within the Sacramento and San 
Joaquin river basins rely on physical hydrologic features, 
infrastructure, and institutional arrangements that affect other 
components of water resources management.  Flood management 
requirements often make it difficult to meet other water resources 
needs. DWR is currently promoting the concept of integrated 
regional water management (IRWM).  IRWM planning is the way 
in which DWR hopes to achieve sustainable water uses, reliable 
water supplies, better water quality, environmental stewardship, 
efficient urban development, protection of agriculture, a strong 
economy, and improved flood management.  Based on the 2012 
CVFPP outreach process, IRWM is being made difficult by 
competing needs for flood protection, water supply, ecosystem 
resources, recreation, water quality, hydropower, and dam safety 
in all regions. 

 
  

Identified Flood 
Risks & Related 

Problems 
Integrated Water 
Management – The flood 
management systems 
within the Sacramento and 
San Joaquin river basins 
rely on physical hydrologic 
features, infrastructure, 
and institutional 
arrangements that affect 
other components of water 
resources management. 
Flood management 
requirements often make it 
difficult to meet other water 
resource needs.  
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5.0 Goals, Principles, and 
Objectives 

The goals, principles, and objectives of the 2012 CVFPP provide direction, 
guidance, and focus for how the 2012 CVFPP will be developed over time.  
The goals, principles, and objectives are described below. 

5.1 Goals 

In the planning process, goals describe broad and enduring values, 
direction, or desired conditions to be achieved, without prescribing or 
suggesting specific actions to achieve the goals. As part of the FloodSAFE 
Initiative, development of the 2012 CVFPP is guided by overarching 
FloodSAFE goals and goals specific to the CVFPP, as described in detail 
below. 

The 2012 CVFPP goals provide direction on development of the CVFPP to 
meet legislative requirements, address identified problems, and contribute 
to the overarching FloodSAFE goals, described in detail below.  Primary 
and supporting goals defined for FloodSAFE and for the CVFPP are also 
discussed. 

5.1.1 FloodSAFE Goals 
The FloodSAFE initiative includes a broad range of goals and objectives, 
as described in the draft FloodSAFE Strategic Plan (DWR, 2008a).  DWR 
will work with stakeholders to make the decisions and investments 
necessary to achieve the FloodSAFE goals, which are as follows: 

• Reduce the Chance of Flooding – Reduce the frequency and size of 
floods that could damage California communities, homes and property, 
and critical public infrastructure. 

• Reduce the Consequences of Flooding – Take actions before flooding 
that will help reduce the adverse consequences of floods when they do 
occur and allow quicker recovery after flooding. 
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• Sustain Economic Growth – Provide continuing opportunities for 
prudent economic development that supports robust regional and 
statewide economies without creating additional flood risk. 

• Protect and Enhance Ecosystems – Improve flood management 
systems in ways that protect, restore, and, where possible, enhance 
ecosystems and other public trust resources. 

• Promote Sustainability of Flood System – Take actions that improve 
compatibility with the natural environment and reduce the expected 
costs to operate and maintain flood management systems into the 
future. 

FloodSAFE includes a variety of programs and projects, such as the 
CVFPP, that will contribute to and collectively achieve the above goals. 

5.1.2 Central Valley Flood Protection Plan Goals 
DWR, with its partners and interested parties, developed goals to address 
each of the identified problems (described in Section 4).  These goals 
provide clarity on how the 2012 CVFPP addresses the defined problems, 
and contribute to the overarching FloodSAFE goals described above, 
consistent with the legislated intent, as outlined in SB 5.  Goal development 
involved iterative input, review, and comment from multiple sources, 
including planning area and topic work groups, partners and interested 
parties, and DWR staff and management.  The 2012 CVFPP goals were 
also shaped by legislative objectives, as codified CWC Section 9616,12 
which describes both structural and nonstructural means for improving the 
performance and eliminating the levee threat factors of the flood 
management system. Therefore, the 2012 CVFPP goals provide direction 
on overall development of the plan. 

The 2012 CVFPP goals include (1) the primary goal of improving flood 
risk management, and (2) supporting goals of improving O&M, improving 
institutional support, promoting ecosystem functions, and promoting multi-
benefit projects.  These goals are presented below. 

                                                           
12 See the 2007 California Flood Legislation Summary (DWR) and 2007 California Flood 

Legislation Companion Reference (DWR) for information on legislative guidance 
(http://www.water.ca.gov/legislation/) 
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Primary Goal 
• Improve Flood Risk Management – Reduce the chance of flooding 

and damages once flooding occurs, and improve public safety, 
preparedness, and emergency response through the following: 

 Identifying, recommending, and implementing structural and 
nonstructural projects and actions that benefit lands currently 
receiving protection from facilities of the SPFC. 

 Formulating standards, criteria, and guidelines to facilitate 
implementation of structural and nonstructural actions for 
protecting urban areas and other lands of the Sacramento and San 
Joaquin river basins and the Delta. 

Supporting Goals 
• Improve Operations and Maintenance – Reduce systemwide 

maintenance and repair requirements by modifying the flood 
management systems in ways that are compatible with natural 
processes, and adjust, coordinate, and streamline regulatory and 
institutional standards, funding, and practices for O&M, including 
significant repairs. 

• Promote Ecosystem Functions – Integrate the recovery and 
restoration of key physical processes, self-sustaining ecological 
functions, native habitats, and species into flood management system 
improvements. 

• Improve Institutional Support – Develop stable institutional 
structures, coordination protocols, and financial frameworks that enable 
effective and adaptive integrated flood management (designs, O&M, 
permitting, preparedness, response, recovery, and land use, and 
development planning). 

• Promote Multi-Benefit Projects – Describe flood management 
projects and actions that also contribute to broader integrated water 
management objectives identified through other programs. 

The 2012 CVFPP goals reflect the collective views and perspectives of 
DWR, a broad range of partners, interested parties, and the public on 
important issues and areas that the CVFPP should address.  The goals do 
not commit the State to implementing projects to address problems outside 
the SPFC (CWC Section 9603); rather, the State will work with local and 
regional entities to help identify and coordinate projects that address 
problems and needs related to integrated flood management within the 
Central Valley but outside the SPFC.  While contributions to the goals may 
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differ from planning area to planning area and project to project, sets of 
management actions should collectively contribute to each of the goals. 
The 2012 CVFPP goals are intended to be broad and enduring; 
consequently, it is not anticipated that the goals will change significantly 
over time as the plan is updated. 

Figure 5-1 illustrates the linkage between the problem statements identified 
and described in Section 4 and each of the CVFPP goals.  This linkage 
helps to articulate the concise CVFPP goals, which will address the 
problems that partners came together to solve, and guide the remaining 
planning steps.  It is important to understand that the problems and the 
goals are intended to be broad statements.  Because there are many 
individual contributing factors for each broad problem statement, various 
objectives have been developed to better define the planning goals, and 
many management actions may be identified to address the CVFPP goals. 

Goals are described previously as enduring – they will continue to be 
important into the future.  Therefore, as mentioned, 2012 CVFPP goals are 
not anticipated to change significantly over time.  Although the CVFPP 
will continue to evolve as implementation progresses and updates are 
completed every 5 years, CVFPP goals are expected to continue to provide 
lasting direction and focus to integrated flood management efforts in the 
planning areas. 
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Figure 5-1.  Relationship of Identified Problems to CVFPP Goals 
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5.2 Guiding Principles 

While goals provide direction on “what” the CVFPP should strive to 
accomplish, guiding principles provide guidance on “how” the CVFPP will 
be developed and implemented over time.  Guiding principles help guide 
decision making, influence development and selection of actions and 
policies to achieve CVFPP goals, inform design and implementation of 
projects, and provide direction when addressing uncertainty, unforeseen 
issues, and conflicts. 

Guiding principles also capture legal and policy topics that need to be 
considered.  In addition, they address characteristics unique to the 
Statewide Planning Area and institutional environment.  Guiding principles 
listed below were developed with assistance from partners and interested 
parties and were refined as plan development progressed. 

Under these guiding principles, plans developed for the 2012 CVFPP are to 
accomplish the following: 

• Emphasize integrated flood management approaches to solving 
problems with a systemwide perspective and a more sustainable 
approach—A variety of nonstructural and structural approaches should 
be used to achieve multiple long-term goals and objectives from a 
systemwide perspective. This includes selecting approaches that 
achieve the following goals: 

 Limit the cumulative growth of flood risk to California’s people and 
infrastructure 

 Reduce the long-term costs of operating and maintaining the system 

 Provide projects that can be readily strengthened or enlarged in the 
future to accommodate climatological or environmental changes 

 Support resilient, diverse, and productive ecosystems 

 Actions should strategically integrate water supply, environmental 
restoration, recreation, hydropower, and other resource management 
opportunities. 

• Consider costs and benefits on a systemwide basis – Local, regional, 
and systemwide benefits should be considered when evaluating the 
feasibility of different solutions. Potential costs and benefits should be 
described within a statewide context, considering the extent to which all 
residents of California benefit from the associated public investment. 
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The description of the proposed program should characterize a variety 
of program costs and benefits to the environment, agriculture, water 
resources, and other aspects of society. In addition, it should include the 
program’s direct and indirect benefits to public health and safety; to 
local, regional, and State economies; and to the environment. The 
description should also consider the costs of long-term management of 
system features, including conservation elements. Finally, to the extent 
feasible, the program description should discuss the benefits to society 
derived from opportunity costs, and recognize intangible environmental 
benefits. 

• Design solutions appropriate to the assets at risk – When planning 
flood management improvements, the inherent differences in both 
flooding mechanisms and consequences should be recognized, 
including the types of assets at risk (communities, infrastructure, 
commerce, and agriculture). Solutions that reduce the likelihood of 
sudden and catastrophic failures, particularly in areas with vulnerable 
populations, should be considered. Ways to manage and reduce flood 
risks and damage in nonurbanized areas, and ways to improve flood 
protection for small communities, should be considered. The 
integration of flood risk management with land use planning should be 
promoted. 

• Promote environmental and agricultural stewardship – The broad 
benefits provided by a natural environment and by agriculture should 
be recognized and considered when improving the flood management 
system. When formulating integrated flood management approaches, 
conservation strategies should be considered if such strategies would 
improve the quantity, biotic diversity, and connectivity of riparian, 
wetland, floodplain, terrestrial, and shaded riverine aquatic habitats, 
and the recovery and stability of native species populations should be 
promoted. Restoration and conservation of a healthy diversity of 
habitats and species within the flood management system are critically 
dependent on natural hydrological, geomorphic, and ecological 
processes. These processes sustain a continually shifting mosaic of 
habitats and species populations, and plans need to account for habitats 
that will shift locations over time within the floodplain. The natural 
processes should be protected and improved, the agricultural and 
ecological values of floodplain lands should be recognized, and 
environmental and agricultural stewardship as a public benefit should 
be promoted. 
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• Avoid or reduce adverse impacts – Flood risk management actions 
should avoid and reduce potential adverse impacts through appropriate 
facility planning and siting, enhanced designs, construction methods, 
and/or facilities operations where feasible. When impacts on hydraulic 
systems, cultural resources, water supply, or other environmental 
resources are potentially significant or significant, feasible mitigation 
measures are proposed. The purposes, operations, and limitations of 
existing projects and programs should be considered; however, it 
should be recognized that DWR and the Board reserve the option of 
making a statement of overriding considerations pursuant to CEQA 
Guidelines Section 15093 when certifying CEQA documents for 
project-specific actions. 

• Use interdisciplinary teams at all stages of planning – Planning and 
permitting should be coordinated among agencies and project partners, 
including land use, infrastructure, and conservation stakeholders, as 
well as private interests and organizations. Planning should also 
consider multiple geographic scales and time frames for 
implementation and integration. In addition, during each stage of 
available funding, the suite of implemented actions should 
incrementally advance the goals of the proposed program. 

• Engage communities and interest groups in understanding 
problems and risks, and in formulating solutions – Meaningful 
opportunities to participate in the development process for the proposed 
program and subsequent implementation actions should be provided to 
potentially affected parties. A common understanding of flood 
management roles and responsibilities for providing flood protection 
and assistance during recovery from flood events should be promoted. 
Opportunities should be pursued to educate at-risk populations 
regarding flood risks, and to help affected parties better respond to and 
recover from flooding. 

• Comply with applicable existing laws and regulations – Numerous 
State and federal laws, regulations, and executive orders should be 
considered:  CEQA, the National Environmental Policy Act, the Fish 
and Wildlife Coordination Act, the Clean Air and Clean Water acts, the 
California and federal endangered species acts, the National Historic 
Preservation Act, the California Public Resources Code, and a host of 
other laws and regulations. 
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5.2.1 Common Themes 
A common theme of the guiding principles is that future flood management 
projects in the Central Valley need to embody an integrated, systemwide 
approach.  This acknowledges the way that, historically, cumulative 
impacts of modifications to the river basins have often had unintended 
effects on communities, habitats, and other resources in the Central Valley.  
Other themes reflected in many of the principles are coordination, 
cooperation, and information-sharing among agencies and parties involved 
in flood management, environmental stewardship, land-use planning, and 
decision making in the Central Valley. 

5.3 Legislative Objectives 

The 2012 CVFPP has been prepared pursuant to authorizing legislation as 
presented in SB 5 (2007), and subsequently described in CWC Sections 
9612 and 9614 – 9616.  Sections 9614 and 9615 provide detailed guidance 
regarding the required CVFPP content.  Section 9616 lists objectives 
describing structural and nonstructural means for improving the 
performance and eliminating the levee threat factors of the Central Valley 
flood management system. These objectives were instrumental in 
developing the 2012 CVFPP goals. Additional planning objectives 
reflecting direction provided in the authorizing legislation are to maximize 
flood risk reduction benefits within the practical constraints of limited 
available funds, and to the greatest extent feasible, consistent with sound 
planning practices and public participation requirements, complete the 
development and adoption of the CVFPP by July 1, 2012, or later date set 
by the legislature. 

Legislative objectives described in CWC Section 9616 are listed below: 

• 9616. (a) The plan shall include a description of both structural and 
nonstructural means for improving the performance and elimination of 
threat factors for levees, weirs, bypasses, and facilities, including 
facilities of the SPFC, and, wherever feasible, meet multiple objectives, 
including each of the following: 

1. Reduce the risk to human life, health, and safety from flooding, 
including protection of public safety infrastructure. 

2. Expand the capacity of the flood protection system in the 
Sacramento-San Joaquin Valley to either reduce floodflows or 
convey floodwaters away from urban areas. 

3. Link the flood protection system with the water supply system. 
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4. Reduce flood risks in currently nonurbanized areas. 

5. Increase the engagement of local agencies willing to participate in 
improving flood protection, for a better connection between State 
flood protection decisions and local land use decisions. 

6. Improve flood protection for urban areas to the urban level of flood 
protection. 

7. Promote natural dynamic hydrologic and geomorphic processes. 

8. Reduce damage from flooding. 

9. Increase and improve the quantity, diversity, and connectivity of 
riparian, wetland, floodplain, and shaded riverine aquatic habitats, 
including the agricultural and ecological values of these lands. 

10. Minimize flood management system O&M requirements. 

11. Promote the recovery and stability of native species populations and 
overall biotic community diversity. 

12. Identify opportunities and incentives for expanding or increasing 
use of floodway corridors. 

13. Provide a feasible, comprehensive, and long-term financing plan for 
implementing the CVFPP. 

14. Identify opportunities for reservoir reoperation in conjunction with 
groundwater flood storage. 
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6.0 Management Actions 
During Phase 2 of 2012 CVFPP development, DWR and its partners 
focused on identifying, developing, and evaluating individual management 
actions (some management actions had been previously identified in Phase 
1). A management action is a specific structural or nonstructural strategy, 
action, or tactic that contributes to the CVFPP Goals. Also, management 
actions may range from potential policy or institutional changes to 
operational or physical changes to the flood management system. 
Management actions may address one or more CVFPP goals. Management 
actions are not intended to be recommendations; rather, they represent a 
wide array of suggested strategies and actions that were used to form the 
various approaches. All of the management actions developed during Phase 
2 are broad and not location specific, and vary in their level of detail. 

6.1 Management Action Identification 

Initial management actions were identified using the following: 

• Recommendations in previous State, federal, regional, and local flood 
risk reduction studies and programs in the Central Valley, including 
sources such as reports from the Comprehensive Study (USACE, 
2002), and California Floodplain Management Task Force (2003). 

• Technical information from ongoing FloodSAFE and integrated water 
management efforts, as available, including information from the State 
Plan of Flood Control Descriptive Document (DWR, 2010a), levee 
inspection reports, levee evaluation programs, DWR sponsored flood 
projects, emergency response programs, and floodplain management 
programs. 

Management actions were also solicited and/or received from stakeholders, 
including partners, interested parties, and the public, during Phases 1 and 2 
of CVFPP development: 

• Phase 1 included meetings of the Upper Sacramento River, Lower 
Sacramento River, Upper San Joaquin River, Lower San Joaquin River, 
and Delta Regional Conditions work groups; Environmental 
Stewardship, Levee Performance, Operations and Maintenance, and 
Climate Change Scope Definition work groups; and the Agricultural 
Stewardship Scope Definition Joint Subcommittee. 
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• During Phase 2, input was received through Regional Management 
Actions Work Group meetings and 15 management actions public 
workshops. Work group members provided input on content of the 
management actions and where and how management actions could be 
integrated into different communities.  For more information on 
management action work group meetings, see the Management Actions 
Report (DWR, 2010d). 

While some management actions were proposed during Phase 1 work 
group meetings and joint subcommittee meetings, Phase 2 included a more 
direct solicitation of management actions from partners, interested parties, 
and the public through various communications and engagement activities. 
These activities included public workshops and Regional Management 
Actions Work Group meetings for the five CVFPP planning areas (Upper 
Sacramento River, Lower Sacramento River, Delta, Upper San Joaquin 
River, and Lower San Joaquin River). The five Regional Management 
Actions Work Groups each held three meetings between June and 
November 2010 to support development of management actions. 

To facilitate presenting and evaluating management actions, duplicates 
were eliminated and the remaining identified management actions were 
grouped thematically into 11 categories: 

1. Additional Floodplain and Reservoir Storage. 

2. Storage Operations. 

3. Flood Protection System Modification. 

4. Operations and Maintenance. 

5. Ecosystem Functions. 

6. Floodplain Management. 

7. Disaster Preparedness and Flood Warning. 

8. Floodfighting, Emergency Response, and Flood Recovery. 

9. Policy and Regulations. 

10. Permitting. 

11. Finance and Revenue. 
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6.2 Preliminary Evaluation and Consolidation 

Management actions were identified to be carried forward for further 
consideration in the planning process based on their potential to contribute 
to the CVFPP goals and on input from the planning area work groups and 
public workshops. Screening involved classifying management actions to 
be further developed and refined to formulate the various approaches. 

In terms of the scope of its application and effects, a management action 
can be described as follows: 

• Location Specific – A management action that implements or modifies 
a physical feature or its operations in a certain location (e.g., bypass 
modifications, changes in storage operations, floodproofing structures 
in the floodplain). 

• Policy Driven – A management action that implements or modifies a 
policy, regulation, process, or other institutional arrangement (e.g., 
building code amendments, changes to financing mechanisms and 
revenue generation). 

Depending how a location-specific management action is implemented in 
terms of its scale and location, its effects could be systemwide, local, or 
both. 

• Action with Systemwide Effects – A management action that 
implements or modifies a physical feature or its operations in a certain 
location, resulting in localized and systemwide effects. For example, 
bypass modifications or changes in storage operations would be 
associated with a particular place/facility, but would potentially have 
localized and systemwide effects and flood management benefits. 

• Action with Local Effects – A management action that implements or 
modifies a physical feature or its operations in a certain location, 
resulting in local effects. For example, floodproofing of structures in a 
floodplain or strengthening of a levee reach would be associated with a 
particular location, and would have only localized effects and flood 
management benefits. 

6.3 Summary of Management Actions Carried 
Forward 

A final set of 94 management actions, shown in Table 6-1, resulted from 
the work groups meetings and workshops. 
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Table 6-1.  List of Identified and Retained Management Actions 

Management Actions 

Lo
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Additional Floodplain and Reservoir Storage 

Enlarge existing transitory floodplain storage √  

Construct new transitory floodplain storage √  

Increase on-stream flood storage capacity by building new storage facilities √  

Update/modify/replace existing flood storage facilities √  

Increase flood management allocation by expanding existing, on-stream reservoirs √  

Increase foothill and upper watershed storage √  

Increase flood management allocation by using spillway surcharge √  

Increase flood management allocation by expanding existing, or building new, off-
stream storage 

√  

Storage Operations 

Establish partnerships to coordinate flood management structure operations √  

Increase flood management flexibility through modifying the magnitude/timing of 
flood reservations in reservoirs 

√  

Increase flood management flexibility through modifications to objective release 
schedules at flood management reservoirs 

√  

Increase flood management flexibility by implementing conjunctive use programs at 
flood management reservoirs 

√  

Implement advanced weather-forecast-based operations to increase reservoir 
management flexibility 

√  

Flood Protection System Modification 

Improve conveyance by addressing flow constrictions √  

Increase capacity of existing bypasses √  

Modify existing weirs, overflows, or relief structures to improve flood system 
performance 

√  

Construct new bypasses to improve flood system performance √  

Construct new levees to provide flood protection to additional areas potentially 
affected by flooding 

√  

Raise levees to improve flood system performance √  

Construct setback levees √  

Construct ring levees √  

Improve structural performance and resilience of existing levees √  

Construct closure structures √  
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Table 6-1.  List of Identified and Retained Management Actions (contd.) 

Management Actions 
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Remove and/or deauthorize disconnected, redundant, and nonfunctional facilities 
of the SPFC 

√  

Operations and Maintenance 
Restore channel form and function to improve O&M and facilitate flood damage 
reduction 

√  

Perform clearing and snagging within channels √  

Perform dredging to remove sediment from channels √  

Reuse excess materials derived from channel maintenance √  

Develop regional channel vegetation management plans √  

Develop an improved encroachment management program endorsed by the State  √ 

Improve administration and oversight of levee penetrations  √ 

Improve interior drainage √  

Protect vulnerable levees and banks through stabilization and erosion repairs √  

Revise O&M manuals to be consistent with new and current policies that support 
multi-benefits of the flood management system 

 √ 

Effectively maintain, operate, and rehabilitate closure structures √  

Develop and/or implement structure rehabilitation and repair program √  

Develop a long-term sustainable and implementable Levee Vegetation 
Management Strategy 

 √ 

Ecosystem Functions 

Control runoff through watershed management √  

Remove unnatural hard points within and along channels √  

Develop hazardous waste and materials management protocols to identify, 
contain, and remediate potential water quality hazards within floodplains 

 √ 

Operate reservoirs with flood reservation space to more closely approximate 
natural flow regimes 

√  

Reduce the incidence of invasive species in the flood management system √  

Remove barriers to fish passage √  

Set back levees to connect rivers to floodplains √  

Restore channel alignment (i.e., conduct de-channelization) √  

Encourage natural physical geomorphic processes, including channel migration 
and sediment transport 

√  

Improve the quality, quantity, and connectivity of floodplain, wetland, riparian, 
woodland, grassland, and other native habitat communities 

√  
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Table 6-1.  List of Identified and Retained Management Actions (contd.) 

Management Actions 
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Floodplain Management 
Reduce flood damages through acquisitions, easements, and private conservation 
programs 

√  

Manage municipal stormwater for regional or systemwide flood benefits √  

Coordinate and streamline floodplain mapping to improve consistency of floodplain 
delineation and assessment of flood risk 

 √ 

Increase flood risk awareness through outreach and education  √ 

Provide technical procedural assistance to local agencies for flood mitigation compliance 
and grant application assistance 

 √ 

Assist in developing local flood management plan updates and provide procedural and 
technical support for implementation 

 √ 

Increase awareness of and participation in FEMA’s Community Rating System 
insurance-rate adjusting program 

 √ 

Develop mandatory flood insurance programs that are more consistent with the area's 
risk of flooding 

 √ 

Increase public understanding of FEMA maps and policies  √ 

Develop a State program and framework to reduce or eliminate subsidies for repetitive 
loss properties in flood-prone areas 

 √ 

Construct training levees or levees that subdivide larger basins  √ 

Use floodproofing measures √  

Improve awareness of floodplain function through outreach and education √  

Disaster Preparedness and Flood Warning 
Coordinate flood response planning and clarify roles and responsibilities related to flood 
preparedness and emergency response 

 √ 

Improve communication and public awareness of emergency response procedures and 
terminology 

 √ 

Establish standard flood warning systems and procedures  √ 

Improve stream gage network for forecasting purposes  √ 

Create systemwide levee instrumentation for early warning systems  √ 

Floodfighting, Emergency Response, and Flood Recovery 

Protect critical infrastructure corridors from floodwaters √  

Expand the State's assistance to maintaining agencies during flood emergencies  √ 

Facilitate improved evacuation planning  √ 

Develop a post-flood recovery plan for the Central Valley and Delta to improve the 
coordination and efficiency of post-flood assistance 

 √ 

Streamline the post-flood permitting process for flood system repairs  √ 
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Table 6-1.  List of Identified and Retained Management Actions (contd.) 

Management Actions 
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Purchase and pre-position floodfighting materials/tools to prepare for flood events √  

Integrate environmental compliance and mitigation into floodfights  √ 

Policy and Regulations 

Encourage compatible land uses with flood management system and floodplain function  √ 

Establish clear triggers or policy for updating flood management-related General Plan 
elements and other local flood management plan(s) 

 √ 

Update State’s designated floodway program  √ 

Use Building Standards Code amendments to reduce consequences of flooding  √ 

Update the State's floodplain management policy  √ 

Encourage multijurisdictional and regional partnerships on flood planning and improve 
agency coordination on flood management activities, including O&M, repair, and 
restoration 

 √ 

Develop and implement State criteria and processes for urban flood protection  √ 

Develop and implement flood protection criteria outside urban areas  √ 

Update State Title 23 standards  √ 

Clarify flood management responsibilities for all State and federal, regional, and local 
agencies. 

 √ 

Permitting 
Develop regional and river-corridor conservation plans, or expand existing regional 
conservation plans (e.g., regional Habitat Conservation Plans, Natural Community 
Conservation Plans) for a more efficient and effective regulatory approval process for flood 
projects 

 √ 

Develop regional advanced mitigation strategies and promote networks of both public and 
private mitigation banks to meet the needs of flood and other public infrastructure projects 

 √ 

Develop proactive integrated regulatory compliance strategies that streamline permitting 
activities 

 √ 

Establish memoranda of understanding and/or management agreements between 
agencies to integrate needs to be served by the flood management system 

 √ 

Provide technical assistance and education on environmental permits  √ 

Develop and implement Corridor Management Strategy  √ 

Finance and Revenue 

Maximize funding for flood management projects by leveraging federal funding  √ 

Leverage funding from multiple projects to improve cost effectiveness and efficiency of 
flood management projects 

 √ 

Develop funding mechanism for O&M and new flood management improvements  √ 
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Table 6-1.  List of Identified and Retained Management Actions (contd.) 

Management Actions 
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Establish a methodology for evaluating benefits and costs on a systemwide 
basis to support economic justification for projects in all community settings 

 √ 

Create a shared strategic pooled money account that pre-funds 
avoidance/mitigation solutions for O&M impacts on current and future flood 
facilities 

 √ 

Create a strategic pooled money account that provides funds for land 
stewardship activities at current and future flood-related mitigation areas in 
perpetuity 

 √ 

Key: 
Delta = Sacramento-San Joaquin Delta 
FEMA = Federal Emergency Management Agency 
O&M = operations and maintenance 
SPFC = State Plan of Flood Control 
State = State of California 

  

For a detailed summary of management actions carried forward, see 
Section 2.5 of the Management Actions Report (DWR, 2010d).  The 
management actions in Table 6-1 were carried forward for use in the 
preliminary approaches.  Not all management actions were explicitly 
evaluated; rather, the approach evaluations applied a variety of different 
management actions on different geographic scales and magnitudes to the 
preliminary approaches.  All management actions were carried forward 
except actions beyond the scope of the 2012 CVFPP alone, and should be 
(or are being) evaluated as part of other projects or programs.  Some 
examples of these projects or programs are surface storage investigations, 
the Statewide Flood Management Planning Program and Bay-Delta 
Conservation Plan (BDCP).  Management actions not carried forward are 
not included in Table 6-1.   
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7.0 Preliminary Approaches 
Development of the 2012 CVFPP included evaluating three significantly 
different preliminary approaches to flood management in the Central 
Valley. The preliminary approaches were primarily used to explore 
different potential physical changes to the existing flood management 
system and to assist in highlighting the need for policy or other 
management actions. Evaluating these preliminary approaches highlighted 
differences in costs, benefits, and overall effectiveness for use in preparing 
a preferred approach – the SSIA. 

This section describes the formulation and evaluation of the three 
preliminary approaches used to explore the application of physical 
management actions on regional and systemwide scales. Flood 
management actions, economic benefits, and policy considerations derived 
from the three preliminary approaches were used to help formulate the 
SSIA, which is presented in Section 8. 

7.1 Preliminary Approach Formulation Process 

Given the geographic scope and range of perspectives on solutions to flood 
management problems in the Central Valley, thousands of potential 
alternatives could be formed from the combination of individual 
management actions.  Consequently, a methodology was developed to 
reduce the number of alternatives to a manageable level while still 
representing the full range of approaches to resolving the problems and 
achieving the 2012 CVFPP Goals.  This methodology resulted in 
identification of three fundamentally different approaches, in addition to 
No Project, for implementing the 2012 CVFPP.  These approaches 
highlight different ways to focus future flood management investments and 
contribute to the 2012 CVFPP goals in different ways, both in magnitude 
and geographic scope. 

The three preliminary approaches are intended to bracket a potential range 
of future flood management actions in the Central Valley and address flood 
problems in fundamentally different ways, not to achieve the 2012 CVFPP 
goals to the same degree. Information provided through evaluation of these 
approaches allowed DWR to select better-performing characteristics and 
avoid poorer performing characteristics from each preliminary approach to 
assemble the SSIA. 
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The three preliminary approaches are as follows: 

1. Achieve State Plan of Flood Control Design Flow Capacity – This 
approach focuses on improving existing SPFC facilities so that they can 
convey their design flows with a high degree of reliability based on 
current engineering criteria. Levee improvements would be made 
regardless of the areas they protect. This approach provides little 
opportunity to incorporate benefits beyond flood management. 

2. Protect High Risk Communities – This approach evaluates 
improvements to levees to protect life, safety, and property for high risk 
population centers, including urban and small communities. Levees in 
rural-agricultural areas would remain in their existing configurations. 
This approach provides minor opportunity to incorporate benefits 
beyond flood management. 

3. Enhance Flood System Capacity – This approach would seek 
opportunities to achieve multiple benefits through enhanced flood 
system storage and conveyance capacity, to protect high risk 
communities, and to fix levees in place in rural-agricultural areas. This 
approach combines most of the features of the above two approaches 
and provides more room within flood conveyance channels to lower 
flood stages throughout most of the system, with additional features and 
functions for ecosystem restoration and enhancements. 

Preliminary approaches are not alternatives from which a single, superior 
alternative can be selected.  Rather, these approaches identify a range of 
potential physical and operational flood management actions and explore 
potential tradeoffs in benefits, costs, and other decision-making factors, 
including corresponding needs of residual risk management actions and 
necessary policy directives. 

7.1.1 7.1.1 Flood Management Elements 
Seven major flood management elements were identified that address the 
key types of improvements that should be made to the flood protection 
system to meet the 2012 CVFPP goals: 

1. Bypasses – Includes construction of new bypasses and/or expansion of 
existing bypasses to reduce peak flows during flood events. 

2. Reservoir Storage and Operations – Includes forecast-coordinated 
operations/forecast-based operations (F-CO/F-BO), and flood 
easements. 
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3. Flood Structure Improvements – Includes major flood structure 
construction or improvements, and system erosion and bypass sediment 
removal projects. 

4. Urban Improvements – Targets a 200-year level of protection (LOP) 
for urban areas either through individual projects or the DWR Urban 
Levee Evaluations (ULE) Project. 

5. Small Community Improvements – Targets a 100-year LOP for small 
communities. 

6. Rural-Agricultural Improvements – Includes alternative rural 
improvements and incorporating the DWR Non-Urban Levee 
Evaluations (NULE) Project recommendations. 

7. Ecosystem Restoration – Includes elements such as fish passage 
improvements, environmental conservation development, river 
meandering, and other restoration activities. 

Table 7-1 shows major elements of the three preliminary approaches. The 
first two approaches differ significantly regarding improving SPFC 
facilities. The third approach includes all of the elements of the first two 
approaches and many additional elements. 
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Table 7-1.  Major Elements of Preliminary Approaches 

Flood Management 
Element 

Project Location or  
Required Components 
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Bypasses  
   

New Bypass Construction 
and Existing Bypass 
Expansion 

• Feather River Bypass 
• Sutter Bypass Expansion 
• Yolo Bypass Expansion 
• Sacramento Bypass Expansion 
• Lower San Joaquin River Bypass (Paradise Cut) 
Components potentially include land acquisition, levee 
improvements, and new levee construction 

  
YES 

Reservoir Storage and Operations 
   

Forecast-Coordination 
Operations/Forecast-
Based Operations 

Fifteen reservoirs with Sacramento River Basin and San 
Joaquin River Basin YES YES YES 

Reservoir Storage/Enlarge 
Flood Pool1 

• Oroville 
• New Bullards Bar 
• New Don Pedro 
• McClure 
• Friant 

  
YES 

Easements • Sacramento River Basin – 200,000 acre-feet 
• San Joaquin River Basin – 100,000 acre-feet   

YES 

Flood Structure Improvements 
   

Major Structures 

• Intake structure for Feather River Bypass 
• Butte Basin small weir structures 
• Upgrade and modification of Colusa and Tisdale 

weirs 
• Sacramento Weir widening and automation 
• Gate structures and/or weir at Paradise Cut 
• Upgrade structures in Upper San Joaquin bypasses 
• Low-level reservoir outlets at New Bullards Bar Dam 
• Fremont Weir widening and improvement 
• Other pumping plants and small weirs 

  
YES 

System Erosion and 
Bypass Sediment 
Removal Project 

• Cache Creek Settling Basin sediment management 
• Sacramento system sediment remediation 

downstream from weirs   
YES 

Urban Improvements 
   

Target 200-Year Level of 
Protection 

Selected projects developed by local agencies, State, 
federal partners  

YES YES 

Target SPFC Design 
Capacity Urban Levee Evaluation Program results YES2 

  

Non-SPFC Urban Levee 
Improvements 

Includes approximately 120 miles of Non-SPFC levees 
that are closely associated with SPFC urban levees 
whose performance may affect the performance of 
SPFC levees 

YES YES YES 
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Table 7-1.  Major Elements of Preliminary Approaches (cont.) 

Flood Management 
Element 

Project Location or  
Required Components 
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Small Community Improvements 
   

Target 100-Year Level of 
Protection Small communities protected by the SPFC 

 
YES3 YES3 

Target Design Capacity Non-Urban Levee Evaluation Program results YES2 
 

YES2 

Rural-Agricultural Improvements 
   

Site-specific Rural-
Agricultural Improvements 

Based on levee inspections and other identified 
critical levee integrity needs    

Target Design Capacity Non-Urban Levee Evaluation Program results YES2 
 

YES 

Ecosystem Restoration 
   

Fish Passage 
Improvements 

• Sutter Bypass and fish passage east of Butte 
Basin 

• Freemont Weir fish passage improvements 
• Yolo Bypass/Willow Slough Weir fish 

passage improvements 
• Deer Creek 

  
YES 

Ecosystem Restoration 
and Enhancement 

For areas within new or expanded bypasses, 
contributing to or incorporated with flood risk 
reduction projects   

YES 

River Meandering and 
Other Ecosystem 
Restoration Activities 

At  selected levee setback locations in 
Sacramento and San Joaquin river basins    

YES 

Notes: 
1  All approaches include Folsom Dam Raise, as authorized. 
2  Actual level of protection varies by location. 
3  Includes all small communities within the SPFC. 
Key: 
SPFC = State Plan of Flood Control 

7.1.2 Approach Evaluation 
To effectively evaluate the preliminary approaches, available technical 
tools were used to judge how changes to SPFC facilities would affect 
systemwide performance while also reducing flood damages, protecting 
public safety, and restoring degraded ecosystems. As part of an approach 
evaluation, key quantitative indicators were developed. The indicators were 
used to assess the performance of the preliminary approaches in various 
areas, including changes to riverine and Delta flood stages, structure and 
crop flood damages, and potential for loss of life. 
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Evaluation and comparison of the approaches were designed to highlight 
various key questions and policy considerations: 

• What are the capital costs and time frames for implementation? 

• How will the relative threats to communities be assessed and 
prioritized? 

• Is the approach cost effective in avoiding damages to property and 
reducing risks to life safety? 

• Does focusing investments solely on urban areas and small 
communities fully meet legislative objectives? 

• Is reconstructing SPFC facilities to reliably pass design flows an 
effective means of achieving desired levels of flood protection for 
different land uses in the system, and what are the systemwide effects 
of reconstruction in place? 

• How can complementary strategies related to floodwater storage and 
conveyance capacity enhance local benefits of levee reconstructions to 
provide broader, systemwide benefits? These strategies include storage 
operation modifications, operations coordination among multiple 
reservoirs, expansion and enhancement of weirs and bypass systems, 
and floodplain management. 

• What are the implications and trade-offs for land uses and economic 
development within the Central Valley? 

• How will residual risk be addressed after the project is implemented? 

7.1.3 Evaluation Tools 
To support development of the 2012 CVFPP, existing and available data 
and tools were primarily used to help understand the performance of the 
existing flood management system, and assess the effects of proposed 
improvements. A series of technical analyses was conducted to evaluate 
hydrologic, hydraulic, geotechnical, economic, ecosystem, and related 
conditions within the flood management system.  Collectively, the analyses 
reflect a systemwide approach to analyzing flooding and related conditions, 
assessing flood risks, and formulating broad regional and systemwide 
approaches to reducing these risks. These analyses were conducted in the 
Sacramento River Basin, San Joaquin River Basin, and Sacramento-San 
Joaquin Delta (Delta). 
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The analytical studies needed to support plan formulation included a series 
of sequential and parallel evaluations and analyses that are discussed in 
detail in the 2012 CVFPP Attachment 8: Technical Analysis Summary 
Report. 

The following summarizes the key analytical modeling tools used to 
support the 2012 CVFPP: 

• Synthetic flood hydrology representing existing hydrologic conditions 
for the Central Valley of California, originally developed for the 
Comprehensive Study (USACE, 2002). 

• Hydrologic Engineering Center 5 (HEC-5) reservoir operations models, 
originally developed for the Comprehensive Study, to simulate the 
flood operations of headwater reservoirs and lower basin flood 
management and multipurpose reservoirs and HEC-Reservoir 
Simulation (HEC-ResSim) reservoir operations models to simulate 
releases from Folsom Lake. 

• New levee fragility curves developed using geotechnical data from 
DWR’s ULE and NULE programs. 

• Updated Comprehensive Study Unsteady Network (UNET) hydraulic 
models to simulate river stages, flows, and volumes. 

• California Water Resources Simulation Model II (CalSim-II) water 
resources simulations model to explore the simulated effects of 
reservoir operational scenarios on water supply reliability. 

• Resource Management Associates (RMA) Delta hydrodynamic model 
to determine water surface elevations, and breakout and return flows in 
the Delta 

• Fullerton, Lenzotti and O’Brien – Two-dimensional (FLO-2D) 
hydraulic models, originally developed for the Comprehensive Study, 
to model overbank and floodplain hydraulics to delineate floodplain 
areas and depths. 

• HEC River Analysis System (HEC-RAS) hydraulic models for the 
Calaveras River, Mormon Slough, and Bear Creek in the Stockton area. 

• HEC-FDA economic models, originally developed for the 
Comprehensive Study, to evaluate flood risk, economic damages, and 
public safety; updated with population exposure and life loss functions 
data. 
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Figure 7-1 illustrates the technical analysis and tools supporting the 2012 
CVFPP and flow of information between the various analytical tools and 
data. 

 
Legend:  
Comprehensive 

Study  
HEC 
HEC-FDA   
FLO-2D 
HEC-RAS   
HEC-ResSim   
HEC-5   
MPLAN 
RMA 
UNET 
USACE 

 
Sacramento and San Joaquin River Basins Study Comprehensive Study (USACE, 2002)  
 
USACE Hydrologic Engineering Center  
HEC Flood Damage Analysis model  
Fullerton, Lenzotti, and O’Brien – Two Dimensional model 
HEC River Analysis System model 
HEC Reservoir Operations Simulation model 
HEC Reservoir Operations Simulation model (predecessor to HEC-ResSim) 
Impact Analysis for Planning 
RMA Finite Element Model of Sacramento-San Joaquin Delta hydrodynamics 
One-Dimensional Unsteady Network Flow model (predecessor to HEC-RAS) 
U.S. Army Corps of Engineers 

Figure 7-1.  Technical Analysis and Tools Supporting 2012 CVFPP 
Development  
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As shown on Figure 7-1, the systemwide analysis begins with hydrology, 
which provides the basis for unregulated flood flows into reservoirs and 
streams.  This is followed by reservoir models to simulate flood operations 
at the major flood management reservoirs, and hydraulic models to 
simulate water stages, flow rates, levee breaches, and out-of-bank flows, in 
both riverine and estuarine environments.  Results from the reservoir and 
hydraulic simulations are used to conduct economic analyses and 
ecosystem functions studies. Geotechnical levee performance 
characterizations and other data provide input to the hydraulic and 
economic models. Conceptual-level design and cost estimates were 
developed for the proposed flood management features. Change to regional 
economic output and employment because of the proposed flood 
improvements was assessed using cost and economic information. 

Findings from evaluation of the preliminary approaches, combined with 
necessary systemwide policies, informed development of the SSIA as the 
State’s proposal for balanced, sustainable flood management in the Central 
Valley.  Figure 7-2 illustrates the basic process followed from identification 
of the planning goals, through identification of management actions, to 
formulation of preliminary approaches and the SSIA. 

 
Figure 7-2.  Formulation Process for State Systemwide Investment 
Approach 

The following sections describe the baseline No Project and the three 
preliminary approaches in more detail. 
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7.2 No Project 

No Project is the baseline for comparing the other preliminary approaches, 
and simulates conditions that would exist without the adoption of the 2012 
CVFPP.  This baseline will help determine risk reduction and other benefits 
of the preliminary approaches and provide a baseline cost for continued 
routine maintenance. 

With “No Project,” there would be no systemwide action or program of 
actions to address the CVFPP goals.  No Project assumes a continuation of 
existing systemwide conditions.  Existing systemwide conditions include 
ongoing routine maintenance of the flood management system, 
floodfighting and post-flood repairs, and other flood management 
programs.  Also included are projects currently authorized, funded, 
permitted, and/or under construction, such as the following: 

• Levee improvements in southern Yuba County implemented by the 
Three Rivers Levee Improvement Authority (TRLIA) since 2004 
(TRLIA, 2011) 

• Natomas Levee Improvement Program by Sacramento Area Flood 
Control Agency (SAFCA) (SAFCA, 2011) 

• Folsom Dam Joint Federal Project to improve the ability of Folsom 
Dam to manage large flood events by allowing more water to be safely 
released earlier in a storm event, leaving more storage capacity for 
capturing peak inflow (Reclamation, 2009) 

• Levee improvements along the American and Sacramento rivers to 
safely pass a flow rate of 160,000 cubic feet per second (cfs) under the 
American River Common Features Project (SAFCA, 2011) 

• Marysville levee improvements 

• Authorized elements of the Sacramento River Bank Protection Project 

This approach does not include any systemwide reconstruction or upgrades. 
No ecological or habitat restoration projects would be implemented; routine 
maintenance would continue. 
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7.3 Preliminary Approach: Achieve State Plan of 
Flood Control Design Flow Capacity 

This approach focuses on reconstructing existing SPFC facilities 
throughout the system so that the facilities can reliably accommodate 
established project design flows or design water surface elevations.  This 
approach was formulated to address legislation that required DWR to 
consider structural actions necessary to reconstruct SPFC facilities to their 
original design standards (CWC 9614 (g)).  It also addresses requests from 
stakeholders to consider reconstructing the existing flood management 
system in place, or without major modification to facility locations. This 
approach does not consider improving SPFC facilities to carry floodflows 
greater than project design flows, nor enhancements (to levee height, width, 
or footprint, for example) that exceed current design standards. 

7.3.1 Description 
The Achieve SPFC Design Flow Capacity Approach includes major 
remedial actions (facility reconstruction of and modifications to SPFC and 
appurtenant non-SPFC facilities) to address medium- and high-threat 
factors identified in the FCSSR (DWR, 2011).  Medium- and high-threat 
factors are those judged to pose the most significant potential threat to 
SPFC facility integrity.  These factors include levee freeboard, levee 
geometry, structural instability, and seepage, as well as channel capacity to 
convey design flows. To address these threat factors, this approach includes 
remediation of approximately 170 miles of urban SPFC levees and 1,400 
miles of non-urban SPFC levees.  This approach does not include 
remediation of non-SPFC levees, although it is recognized that non-SPFC 
levees can affect flooding within the SPFC Planning Area. 

Figure 7-3 illustrates the general locations where some type of levee 
remediation would be needed to convey SPFC design flows, based on the 
DWR Levee Evaluations Program ULE and NULE overall hazard 
classifications and categorizations, respectively. Levees shown as purple 
(higher concern) or orange (medium concern) on the map generally display 
more performance problems than those shown in green (lower concern), 
and require remediation to safely convey SPFC design flows.  Remedial 
actions would include the following: 

• SPFC levees would be reconstructed or modified to address identified 
adverse geotechnical conditions and provide a high reliability of 
accommodating design flows. 

• In locations where the current top-of-levee elevation is less than the 
design water surface profiles with design freeboard, or where the 
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channel capacity is less than the stated design flow capacity, levee 
height would be raised to achieve design freeboard. 

Remedial actions would include different types of stability and seepage 
berms, cutoff walls, rock slope protection, increasing levee height and/or 
geometry, and replacement levees needed for the system to convey design 
flows.  Under this approach, the O&M of existing reservoirs, weirs, 
bypasses, and other structures within the flood management system would 
continue as under current conditions. 
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Figure 7-3.  Composite Map of Physical Levee Conditions Based on Levee 
Evaluations Program Results (Urban Levee Evaluations and Non-Urban Levee 
Evaluations) 
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7.3.2 Approach Formulation 
Under this approach, identified threat factors that adversely affect the 
ability of the system to safely convey design flows would be addressed via 
structural methods within the existing facility footprint (in-place 
reconstruction), where feasible.  Overall levee hazard classifications and 
categorizations for urban and non-urban levees, respectively, are shown in 
Figures 7-4 through 7-6, based on results from the DWR Levee Evaluations 
Program. Note that the ULE and NULE results are not comparable because 
of different methodologies applied for urban and non-urban areas.1  The 
ULE and NULE projects are meeting a similar purpose, but urban levees 

are undergoing a more 
comprehensive 
evaluation because of 
public safety 
considerations for 
densely populated 
areas.  No changes in 
reservoir operations 
rules or in the way 
existing weirs and 
other control 
structures operate are 
considered as part of 
this approach.  

 

                                                           
1 The ULE Project is evaluating urban levees against current design criteria.  The NULE 

Project is evaluating non-urban levees based on systematic, consistent, and repeatable 
analyses that correlate geotechnical data with levee performance history, and not relative 
to design criteria. 

Urban Levees protect densely populated areas 
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Key: SPFC = State Plan of Flood Control 
Figure 7-4.  Urban Levee Evaluations Overall Hazard Classification 
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Key: SPFC = State Plan of Flood Control  
Figure 7-5.  Non-Urban Levee Evaluations Overall Hazard Categorization for  
Sacramento River Basin 
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Key: SPFC = State Plan of Flood Control 
Figure 7-6.  Non-Urban Levee Evaluations Overall Hazard 
Categorization for San Joaquin River Basin 
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To address identified medium- and high-threat factors, the following 
approaches apply: 

• Levee Crest Elevation (design freeboard) – In locations where 
current top-of-levee elevations are higher than, or equal to, design 
water surface profiles with design freeboard, repairs would be made, 
where necessary, to address geotechnical and stability factors to 
accommodate the design profile with high reliability.  No increases in 
levee crest elevation would be considered for these locations.  In 
locations where the current top-of-levee elevations are less than design 
surface profiles with design freeboard, or where channel capacities are 
less than stated design capacities, levee raises would be needed to 
correct for inadequate freeboard.  Results of the levee freeboard check 
conducted by the ULE and NULE projects are described in the FCSSR, 
Appendix A, Section A-2, and shown in Figures 7-7 through 7-9. 

• Levee Integrity – The ULE and NULE projects assessed 
approximately 350 miles of urban and 1,200 miles of non-urban SPFC 
levees, respectively, and over 500 miles of appurtenant non-SPFC 
levees.  During the preliminary analysis phase and final screening phase 

of the ULE Project, analyses were conducted to assess the 
performance of urban levees against identified performance 
criteria for freeboard, levee geometry, steady-state seepage, 
and steady-state stability.  During Phase 1 of the NULE 
Project, non-urban levees were assessed for potential for 
failure from under-seepage, through-seepage, slope 
stability, and erosion.  Results of these assessments for each 
threat factor are documented in Section 4 of the FCSSR 
(DWR, 2011a). Based on the ULE hazard classifications 
and NULE hazard categorizations, levee remediation would 
be recommended as follows: 

 Urban Levees – Levees with hazard classifications of marginal in 
meeting criteria (MG) or do not meet criteria (DNM) would be 
recommended to undergo remediation for medium- and high-threat 
factors.  Levees with a hazard classification of lacking sufficient 
data (LD) would be recommended for further analysis to determine 
if remediation is required. 

 Non-Urban Levees – Levees with hazard categorizations of 
moderate or high would be recommended to undergo remediation 
for medium- and high-threat factors.  Levees with a hazard 
categorization of lacking sufficient data would be recommended for 
further analysis to determine if remediation is required. 

Appurtenant Non-SPFC  
Levees 

Approximately 120 miles of urban, 
and 400 miles of rural non-SPFC 
levees were assessed. These 
levees are generally located 
immediately adjacent to or opposite 
SPFC levees such that their 
function might directly impact that 
of the SPFC levee system.   
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Key: SPFC = State Plan of Flood Control 
Figure 7-7.  Urban Levee Evaluations Freeboard Check Results 
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Key: SPFC = State Plan of Flood Control 
Figure 7-8.  Non-Urban Levee Evaluations Freeboard Check Results for Sacramento  
River Basin 
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Key: SPFC = State Plan of Flood Control 
Figure 7-9.  Non-Urban Levee Evaluations Freeboard Check Results 
for San Joaquin River Basin 
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7.3.3 Approach Elements 
Types of remedial actions that could be employed to address identified 
medium- and high-threat factors are listed in Table 7-2.  Remedial actions 
for through-seepage, under-seepage, slope instability, and erosion include 
constructing different types of stability and/or seepage berms, cutoff walls, 
rock slope protection, and replacement levees. 

Table 7-2.  Remedial Actions to Address Identified Medium- and High-Threat 
Factors 

Remedial Action 

Levee Threat Factor 

Through-
Seepage 

Under-
Seepage Instability Erosion 

Drained stability berm       
Seepage berm      
Combination drained stability and seepage 
berm     

Conventional soil-bentonite slurry wall (up 
to 70-foot remediation depth)      

Deep soil mixing wall (greater than 70-foot 
remediation depth )      

Rock slope protection      

Replacement levee     

Standardized details were developed for each remedial action to be used as 
building blocks that could be employed separately or combined with others 
to provide complete remediation for any set of circumstances.  For 
additional details on this methodology, see Attachment 8J: Designs and 
Costs.  Proposed remedial action quantities for medium- and high-threat 
factors affecting SPFC urban and non-urban levees are summarized in 
Tables 7-3 through 7-6. 

Table 7-3.  Summary of Proposed Remedial Action Quantities to Achieve SPFC 
Design Flows for SPFC Urban Levees in Sacramento River Basin 

Hazard 
Classification 

Total 
Segment 
Length 
(miles) 

Structural 
Remediation 

(miles) 

Erosion 
Remediation 

(miles) 

Freeboard 
Remediation 

(miles) 

Other 
Remediation 

(miles) 

DNM 37.2 23.3 2.7 13.6 0 

LD 1.4 0.4 0 1.0 0 

MG 2.0 0.6 0 0 0 

Total 40.6 24.3 2.7 14.6 0 
Key: 
DNM = does not meet criteria 
LD = lacking sufficient data 

MG = marginal 
SPFC = State Plan of Flood Control 
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Table 7-4.  Summary of Proposed Remedial Action Quantities to Achieve SPFC 
Design Flows for SPFC Urban Levees in San Joaquin River Basin 

Hazard 
Classification 

Total 
Segment 
Length 
(miles) 

Structural 
Remediation 

(miles) 

Erosion 
Remediation 

(miles) 

Freeboard 
Remediation 

(miles) 

Other 
Remediation 

(miles) 

DNM 69.0 8.4 0 60.6 0 

LD 0 0 0 0 0 

MG 0.9 1.0 0 0 0 

Total 69.9 9.4 0 60.6 0 
Key: 
DNM = does not meet criteria 
LD = lacking sufficient data 
MG = marginal 
SPFC = State Plan of Flood Control 

Table 7-5.  Summary of Proposed Remedial Action Quantities to Achieve SPFC 
Design Flows for SPFC Non-Urban Levees in Sacramento River Basin 

Hazard 
Categorization 

Total Segment 
Length (miles) 

Structural 
Remediation 

(miles) 

Erosion 
Remediation 

(miles) 

Freeboard/ 
Geometry 

Remediation 
(miles) 

Moderate 262.2 156.1 72.5 102.6 

High 440.9 391.3 201.9 165.8 

Lacking Sufficient 
Data 40.1 23.9 0.0 23.1 

Lacking Sufficient 
Data (Low or 
Moderate) 

13.9 10.1 0.0 10.6 

Lacking Sufficient 
Data (Moderate or 
High) 

18.9 13.9 4.0 8.4 

Total 776 595.3 278.4 310.4 
Key: 
SPFC = State Plan of Flood Control 
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Table 7-6.  Summary of Proposed Remedial Action Quantities to Achieve 
SPFC Design Flows for SPFC Non-Urban Levees in San Joaquin River 
Basin 

Hazard 
Categorization 

Total 
Segment 
Length 
(miles) 

Structural 
Remediation 

(miles) 

Erosion 
Remediation 

(miles) 

Freeboard/ 
Geometry 

Remediation 
(miles) 

Moderate 22.3 9.1 6.4 0.6 

High 89.7 62.0 31.8 6.7 

Lacking Sufficient 
Data 0.0 0.0 0.0 0.0 

Lacking Sufficient 
Data (Low or 
Moderate) 

11.8 3.7 9.5 0.2 

Lacking Sufficient 
Data (Moderate or 
High) 

1.1 1.1 0.0 0.0 

Total 124.9 76.0 47.8 7.5 
Key: 
SPFC = State Plan of Flood Control 

7.3.4 Approach Assessment 
Based on an initial assessment, the Achieve SPFC Design Flow Capacity 
Approach is estimated to cost approximately $19 billion to $23 billion and 
take 30 to 35 years to implement. This approach would provide an 
approximate 47 percent reduction in annual flood damages compared to 
current conditions by correcting identified problems and reconstructing 
(but not enhancing) SPFC facilities. 

This approach would improve the reliability of SPFC facilities compared 
with existing conditions. Since the original designs did not consider 
geotechnical and other risk factors addressed by current engineering 
criteria, reconstruction would significantly improve reliability of the levee 
system and the LOP provided by the SPFC over that of existing conditions. 
However, the LOP would be highly variable throughout the system and not 
linked to the land uses at risk within the floodplain. 

Investments in SPFC reconstruction would initially reduce SPFC O&M 
costs.  However, the long-term cost to maintain the system would remain 
high (similar to current conditions) because reconstruction alone would not 
address chronic erosion, sedimentation, and other geomorphic conditions 
inherent to the current system configuration. Consequently, this approach 
would only partially contribute to the goal of improving O&M. 
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Details regarding environmental, physical, economic, and life safety 
assessments of the approach are given below. 

Flood Stage Assessment 
As mentioned previously, the Achieve SPFC Design Flow 
Capacity Approach would correct identified problems and 
reconstruct (but not enhance) SPFC facilities. This 
approach would improve the reliability of SPFC facilities 
over existing conditions. Since the original designs did 
not account for geotechnical problems now known to 
exist for many levees and their foundations, 
reconstruction would significantly improve reliability of 
the levee system and the LOP provided by the SPFC over 
existing conditions. 

This approach would improve the structural integrity of 
SPFC facilities throughout the system over No Project.  
However, SPFC facility reconstruction investments would 
not increase the performance intended by the SPFC over 
that provided when originally constructed, nor would the 
investments provide a uniform level of flood protection to 
any given region or land-use type.  Levels of flood 
protection would continue to vary throughout the system 
and not all urban areas would achieve the targeted urban 
level of flood protection as defined in CWC 9602(i). 

In some instances, upstream levee reconstruction would 
result in increased peak flows or stages downstream (see 
Figures 7-10 and 7-11). Without additional mitigation actions, the level of 
flood protection in some downstream areas would decrease over current 
conditions. Consequently, this approach would only partially address the 
primary CVFPP goal of improving flood risk management. 

Physical assessments of the Achieve SPFC Design Flow Capacity 
Approach were documented in the 2012 CVFPP Supporting 
Documentation, Technical Documentation.  Assessments included 
hydrologic modeling; reservoir operations modeling; hydraulic riverine, 
estuarine, and floodplain modeling; and levee performance. 

Achieve State Plan of Flood 
Control Design Flow 
Capacity Approach 

• Reconstruction of 
approximately 1,600 miles of 
levees. 

• Reconstruction of levees in 
their current footprint to 
safely pass design flows 
would contain more 
floodflows within channels, 
thus increasing peak 
floodflows and stages 
throughout the system.  

• Reduction of 47 percent in 
annual flood damage 
estimates, including structure 
values and contents and 
crops. 

• Estimated capital costs 
higher for the Sacramento 
River Basin because of the 
greater number of levees in 
the basin. 
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Figure 7-10.  Change in Peak Flood Stage for Achieve State Plan of Flood Control 
Design Flow Capacity Approach Compared to No Project in the Sacramento River 
Basin (100-year event) 
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Figure 7-11.  Change in Peak Flood Stage for Achieve State Plan of Flood Control 
Design Flow Capacity Approach Compared to No Project in the San Joaquin River 
Basin (100-year event) 
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Environmental Assessment 
Because the footprint and operation of SPFC facilities would remain 
largely unchanged under this approach, opportunities to integrate 
environmental restoration would be limited (e.g., waterside berms or 
incorporation of native vegetation into erosion prevention measures along 
existing levees) and would not result in restoration of ecosystem functions 
on a systemwide scale.  Therefore, existing conflicts between 
environmental stewardship and levee maintenance practices would 
continue to hamper the improvement of ecosystem conditions and public 
safety. There would also be few opportunities to incorporate groundwater 
recharge or other water-related benefits.  Consequently, the approach 
would have only a minor contribution to the supporting goals of promoting 
ecosystem functions and multi-benefit projects. 

Economics Assessment 
Economic assessment for the Achieve SPFC Design Flow Capacity 
Approach resulted in an initial investment estimate of approximately $19 to 
$23 billion for correcting identified problems and reconstructing (but not 
enhancing) SPFC facilities. Investments in SPFC facility reconstruction 
would initially reduce SPFC O&M costs. However, the long-term cost to 
maintain the system would remain high (similar to current conditions) 
because reconstruction alone would not address chronic erosion, 
sedimentation, and other geomorphic conditions inherent to the current 
system configuration. Consequently, this approach would only partially 
contribute to the goal of improving O&M. 

Figures 7-12 and 7-14 show the expected annual damages (EAD) for 
structure and contents, crop, and business losses for the Achieve SPFC 
Design Flow Capacity Approach compared with No Project for the 
Sacramento and San Joaquin river basins, respectively. The change in 
expected damages under the SPFC Design Capacity Approach compared to 
No Project for the Sacramento and San Joaquin river basins is presented in 
Figures 7-13 and 7-14, respectively. For both basins, EAD will be reduced 
significantly compared with No Project. 
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Figure 7-12.  Expected Annual Damages from Flooding: Achieve 
State Plan of Flood Control Design Flow Capacity Approach 
Compared to No Project for Sacramento Basin 

 
Figure 7-13.  Expected Annual Damages from Flooding: Achieve 
State Plan of Flood Control Design Flow Capacity Approach 
Compared to No Project for San Joaquin Basin 
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Figure 7-14.  Change in Expected Annual Damages for the Sacramento River  
Basin Under the Achieve State Plan of Flood Control Design Flow Design Capacity 
Approach Compared to No Project 
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Figure 7-15.  Change in Expected Annual Damages for the San Joaquin River 
Basin Under the Achieve State Plan of Flood Control Design Flow Design  
Capacity Approach Compared to No Project 
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Cost Assessment 
Cost estimates to repair urban and non-urban levees are developed 
primarily by ULE and NULE projects. The cost estimates were generated 
using a Parametric Cost Estimation tool, which developed conceptual-level 
cost estimates to remediate seepage, stability, and erosion factors. For 
additional cost details on the estimate approach and assumptions, refer to 
Attachment 8J: Designs and Costs. 

The costs for this approach were categorized into four flood management 
elements: 

1. System Improvements – Only costs associated with F-CO/F-BO were 
included. 

2. Urban Improvements – Improvements to Urban SPFC Levees through 
the ULE Program. 

3. Rural Agricultural Improvements – Improvements to non-urban 
SPFC levees through the NULE Program. 

4. Residual Risk Management – This is a minor part of this approach 
because the repairs to the levees are expected to reduce residual risk. 

Table 7-7 summarizes the improvement costs for the Achieve SPFC Design 
Flow Capacity Approach for the Sacramento and San Joaquin river basins. 

Table 7-7.  Improvement Costs for Achieve SPFC Design Flow 
Capacity Approach for Sacramento and San Joaquin Basins  
($ Millions) 

 
Sacramento River 

Basin 
San Joaquin River 

Basin 

Low  High Low  High 

System Improvements $ 43 to $ 53 $ 48 to $ 61 

Urban Improvements $ 3,014 to $ 3,767 $ 813 to $ 1,017 

Rural Improvements $ 11,095 to $ 13,869 $ 2,748 to $ 3,436 

Residual Risk 
Management $ 485 to $ 592 $ 247 to $ 309 

Total Costs $ 14,637 to $ 18,281 $ 3,856 to $ 4,823 

Because of the greater number of SPFC levees, the estimated capital costs 
are higher for the Sacramento River Basin than for the San Joaquin River 
Basin. 
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7.4 Preliminary Approach: Protect High Risk 
Communities 

This approach focuses primarily on physical improvements to SPFC and 
non-SPFC facilities to address the highest threats to public safety and 
property. These threats predominate in densely populated areas, including 
urban areas and small communities subject to deep or rapid flooding. 

7.4.1 Description 
This approach includes a variety of physical actions to protect urban areas 
and small communities from frequent flooding where substantial threats to 
public safety exist.  Flood threat levels were assessed based on population 
at risk, population density, flood frequency, flood depth, and proximity to 
main-stem or tributary flood sources.  This approach set targets of the 
following: 

• Providing flood protection to urban and urbanizing areas against a 0.5 
percent annual exceedence probability (AEP) flood event (1-in-200 
chance of flooding occurring in any year), consistent with legislative 
direction2. 

• Providing flood protection to small communities against a 1 percent 
AEP flood event. 

• The targeted LOP for small communities is considered for planning 
purposes, and does not represent a State policy or requirement. 

This approach addresses the primary goal of improving flood risk 
management by developing protection from flooding by the main-stem 
Sacramento and San Joaquin rivers and their major tributaries. Flooding 
from local sources and interior drainage were not considered in this 
approach. No facility repairs or modifications would be made to increase 
the level of existing flood protection in areas where factors would not pose 
substantial threats to public safety. SPFC facilities would continue to be 
maintained and repaired as needed (similar to No Project). Secondary goals 
                                                           
2 All cities and counties within the Sacramento-San Joaquin Valley will be required to 
make findings related to the urban (200-year) level of flood protection before making 
certain land use decisions (see California Government Code Sections 65865.5, 65962, and 
66474.5).  As part of this legislation, DWR is developing policy-level and engineering 
criteria to help urban level of flood protection to be achieved. Pertinent engineering 
criteria (such as methods to compute flood depths, and technical standards for levees and 
floodwalls), are contained in the Urban Levee Design Criteria (ULDC) (DWR, 2012) and 
are incorporated by reference into the policy-level criteria contained in the Criteria for 
Demonstrating Urban Level of Flood Protection (DWR, 2012). Refer to 2012 CVFPP 
Attachment 3: Documents Incorporated by Reference for more information. 
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were not addressed in this approach because the approach only provides 
flood protection as it relates to public safety. 

7.4.2 Approach Formulation 
Urban communities are defined as communities with populations greater 
than 10,000 per CGC Section 65007(j). These urban areas are considered 
high risk communities because of potentially significant public safety 
consequences that could result from a flood event occurring in densely 
populated areas. Urban areas would be provided with protection against a 
0.5 percent AEP flood event via structural repairs and improvements to 
levees and other facilities (including levee raises) within their existing 
footprints, where feasible (in-place reconstruction).  Recommended 
improvements to SPFC urban levees were developed by the ULE Project. 

Small communities (communities with populations of less than 10,000) 
would be provided with protection against a 1 percent AEP flood event via 
reconstruction of existing SPFC levees or construction of new ring levees. 
Communities with populations of less than 200 were not considered. Based 
on flood threat factors (flood frequency, potential flood depth, and 
proximity to flooding sources), small communities were grouped into four 
categories to reflect their relative risk of loss of life. The approach for 
characterizing flood threat levels is illustrated in Figure 7-16. The threat 
level categories are as follows: 

• High-Threat Level – Communities that would be subject to high 
flooding frequency (greater than 1 percent chance per year) and would 
be subject to deep flooding conditions (potential flood depths of more 
than 3 feet on average). 

• Moderate- to High-Threat Level – Communities that would be 
subject to high flooding frequency (greater than 1 percent chance per 
year) would be subject to sheet flooding conditions (potential flood 
depths of less than 3 feet on average), and could be flooded fairly 
rapidly (located less than 2 miles from a flooding source). 

• Low- to Moderate-Threat Level – Communities that would be subject 
to high flooding frequency  (greater than 1 percent chance per year), 
would be subject to sheet flooding conditions (potential flood depths 
less than 3 feet on average), and would be more than 2 miles from a 
flooding source. 

• Low-Threat Level – Communities that would not be subject to high 
flooding frequency (less than 1 percent chance per year). 
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Figure 7-16.  Approach for Characterizing Community Flood Risks 

Communities with high, moderate-high, and low-moderate flood threat 
levels would be considered for improvements to their flood protection 
facilities.  Figure 7-17 shows the urban areas and small communities 
considered in the High Risk Communities Approach. 
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Key: SPFC = State Plan of Flood Control 
Figure 7-17.  Urban Areas and Small Communities Included in High Risk Communities 
Approach 
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Flood Threat Assessment 
Both SPFC and non-SPFC small communities within the Systemwide 
Planning Area were included in the flood threat assessment.  It should be 
noted that non-SPFC urban communities were not discussed in the 2012 
CVFPP. A legislative mandate has been passed, that requires that all urban 
communities in the Sacramento and San Joaquin River Valleys have 
protection against a 0.5 percent AEP flood event.  Upgrades in protection 
for non-SPFC urban communities in the Systemwide Planning Area are 
included in this mandate. 

Identifying and characterizing community flood threats involved the 
following steps: 

1. Identify communities – The following data sources were used to 
develop a list of communities within the Systemwide Planning Area: 

 California Department of Finance 

 Census-Designated Places (2000 U.S. Census) 

 California List of Places (U.S. Geological Survey topographic 
quadrangles) 

Population information for communities is from the estimated 2007 
population based on 2000 U.S. Census projections and California 
Department of Finance estimates3. 

2. Characterize flood threats – To characterize flood threats to 
communities, attributes related to flood frequency, potential flood 
depth, and proximity to the nearest river are used: 

 Flood frequency – Each community was evaluated to determine if 
its annual flood frequency exceeds 1 percent.  Information on flood 
frequencies was obtained using the AEP for economic impact areas 
presented in the Comprehensive Study, Appendix E, Risk Analysis 
(USACE, 2002).  The economic impact areas cover the majority of 
the Systemwide Planning Area.  If a community spans more than 
one Economic Impact Area, an area-weighted average was 
calculated. 

 Flood depth – Each community was evaluated regarding whether it 
was subject to deep flooding conditions, which are considered to be 
potential average flood depths greater than 3 feet.  A flood depth of 

                                                           
3 2010 Census data was not made available at the time that this assessment was 

completed, therefore 2007 Census data was used to establish a baseline population from 
which projections were made. 
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3 feet was chosen because it is a flood depth threshold of when 
flooding could reasonably be life threatening.  This information is 
readily available from the DWR LFPZ maps (DWR, 2008c) and is 
consistent with California Health and Safety Code Section 50465.  
Information on flood depth was developed using flood depths from 
the Comprehensive Study 200-year floodplain (USACE, 2002) and 
the LFPZs (DWR, 2008c). 

 Proximity to nearest river – Each community is evaluated 
regarding whether it is potentially subject to rapid flooding 
conditions.  Because of the difficulty associated with estimating 
rapid flooding, for the purpose of this analysis, it was estimated as 
being within 2 miles of an SPFC levee or other major stream.  A 
proximity of 2 miles was chosen because it is a distance within 
which flooding could occur quickly.  Note that local drainages were 
not considered. 

3. Assess community flood threat level – Using the flood threat 
characterization process (shown in Figure 7-18), community flood 
threats were assessed.  Results are summarized in Figure 7-18 and 
discussed below: 

 Of 122 unique communities identified within the Systemwide 
Planning Area, 52 communities were identified as urban (Table 7-8) 
and 70 were identified as small communities. Of the 70 small 
communities, 13 were viewed as being contiguous with urban areas, 
leaving 57 small communities warranting independent 
consideration in the analysis. Small communities contiguous with 
urban areas are listed in Table 7-9.  Small communities with 
populations of less than 200 were not considered. 

 All 65 urban communities (52 urban and 13 small communities 
contiguous with urban communities) were considered to have a 
high-threat level to public safety from flooding because of their 
high population density. Small communities contiguous with urban 
areas were treated as part of the urban metropolitan areas. 

 Of the remaining 57 small communities, 10 were considered to have 
a high-threat level, 20 were considered to have a moderate-high-
threat level, 6 were considered to have a low- to moderate-threat 
level, and 21 were considered to have a low threat level. Small 
communities with high, moderate- to high-, and low- to moderate-
flood threat levels are listed in Table 7-10. 
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Legend: 

(#) = number represents the number of communities 
SPFCPA = State Plan of Flood Control Planning Area 

Figure 7-18.  Summary of Community Flood Threat Assessment 
Results 
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Table 7-8.  Urban Areas within the Sacramento and San Joaquin 
River Basins 

Region Urban Area 

Upper Sacramento 
• Chico 
• Red Bluff 
• Redding 

Feather 

• Linda 
• Marysville 
• Olivehurst  
• Oroville 
• Yuba City 
• South Yuba City 

Lower Sacramento 

• Arden Arcade 
• Carmichael 
• Elk Grove 
• Fair Oaks 
• Florin 
• Folsom 
• Gold River 
• La Riviera 
• Laguna 

• Laguna West-Lakeside 
• Parkway-South 

Sacramento 
• Rancho Cordova 
• Rio Linda 
• Rosemount 
• Sacramento 
• West Sacramento  
• Woodland 

Upper San Joaquin 

• Atwater 
• Chowchilla 
• Livingston 
• Los Banos 
• Madera 
• Merced 
• Winton 

Lower Jan Joaquin 

• Antioch 
• Bay Point 
• Brentwood 
• Ceres 
• Country Club 
• Discovery Bay 
• Fresno 
• Garden Acres 
• Lathrop 
• Lodi 

• Manteca 
• Modesto 
• Oakdale 
• Oakley 
• Patterson 
• Pittsburg 
• Ripon 
• Stockton 
• Tracy 
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Table 7-9.  List of Small Communities Contiguous with Urban Areas 
 Urban Area 

Antioch Modesto Oroville Sacramento Stockton 

Within 
SPFC 
Planning 
Area 

 
• Bret Harte* 
• Bystrom* 
• Shackelford* 

  

• August* 
• French Camp* 
• Kennedy* 
• Lincoln Village* 
• Morada* 
• Taft Mosswood* 

Outside 
SPFC 
Planning 
Area 

• Sand Hill  • Palermo 
• Gold River 
• Hagginwood 

 

Notes:  
Communities listed from highest to lowest population. 
Italicized communities have populations of less than 1,000. 
* Communities in the San Joaquin River basin 
Key: 
SPFC = State Plan of Flood Control 
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Table 7-10.  List of Small Communities by Threat Level 

Planning 
Area 

Flood Threat Level 

High Moderate – High Low – Moderate Low 

Within 
SPFC 
Planning 
Area 

• Firebaugh* 
• Knights Landing 
• Grayson* 
• Isleton 
• Walnut Grove 
• Meridian 
• Nicolaus 
• Courtland 
• Robbins 
• Hood 

• Colusa 
• Durham 
• Rio Vista 
• Wheatland 
• Gerber-Las Flores* 
• Glenn 
• Clarksburg 
• Verona 
• Grimes 
• Princeton 
• Butte City 

• Dos Palos* 
• Biggs 
• South Dos Palos* 
• Upper Lake 

• Live Oak 
• Thermalito 
• Gridley 
• Tierra Buena 
• Lockeford* 
• Sutter 

Outside 
SPFC 
Planning 
Area 

• Friant* 

• Mendota* 
• Bethel Island 
• Chester 
• Los Molinos 
• Hamilton City 
• Thornton 
• Tranquillity* 
• Tehama 

• Byron* 
• Knightsen 

• Anderson 
• West Modesto* 
• Rancho Calaveras* 
• Rancho Murieta* 
• Planada* 
• East Oakdale* 
• South Woodbridge* 
• North Woodbridge* 
• Del Rio* 
• Riverdale Park* 
• Linden* 
• Hickman* 

Notes:  
* Communities in the San Joaquin River basin 
Communities listed from highest to lowest population. 
Italicized communities have populations of less than 1,000. 
Key: 
SPFCPA = State Plan of Flood Control  
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The goal for urban communities is to have protection against a 0.5 percent 
AEP flood event.  This LOP would be provided through in-place levee 
reconstruction and improvements to related facilities. 

The goal for small communities is to have protection against a 1 percent 
AEP flood event.  This LOP would be provided by improving protection 
facilities, relocating communities outside the 100-year floodplain, or 
raising communities above the 100-year flood elevation.  Improving 
protection facilities could include strengthening of levees, raising existing 
levees, and constructing new levees and/or ring levees.  Relocating and 
raising communities is more expensive, requires public support, and is not 
being evaluated at this time. 

Residual risk is the portion of risk that remains after flood control 
structures have been built. Risk remains because of the likelihood of the 
measures’ design being surpassed by a flood’s intensity and of structural 
failure of the measures. Methods to reduce residual risk include land-use 
policies, insurance, building codes, floodproofing, emergency response, 
and other methods.  FloodSAFE and FEMA also have programs that can 
help manage residual risk.  These programs may be evaluated in the future. 

7.4.3 Approach Elements 
As discussed above, urban communities will be provided with protection 
against a 0.5 percent AEP flood event through in-place levee 
reconstruction.  Approaches to providing protection against a 1 percent 
AEP flood event vary from one small community to the next, and range 
from in-place levee reconstruction to construction of ring levees. Table 7-
11 summarizes the proposed actions for high risk small communities. 
Considering limitations in data availability, only 27 small communities 
were assessed for the CVFPP. They are primarily a subset of the high risk 
small communities in Table 7-11, but also include a sampling of lower risk 
communities which would require residual risk related measures, rather 
than levee improvements or construction.  
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Table 7-11.  Summary of Structural Evaluations for Small Communities 

Small 
Community 
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Recommendation Description 

Knights Landing 
– Option 1 Yes Yes Fix in Place 

Repair entire levee segments 162, 172, and 217 as 
described in GAR, with the addition of a levee raise to 
the entire length of segment 162. 

Knights Landing 
– Option 2 Yes Yes Ring Levee  

Construct ring levee by tying a new levee to existing 
levee segments 162 and 217. A portion of 162 would 
be raised to meet freeboard criteria. 

Isleton Yes Yes Ring Levee 
Construct ring levee by tying a new levee to existing 
levee segments 40 and 378. A portion of segment 378 
would be raised to meet freeboard criteria. 

Courtland Yes Yes Fix in Place 
No flood inundation is shown for Courtland. Repair 
entire levee segments 126 and 131, as described in 
NULE GAR. 

Hood Yes Yes Ring Levee 

Construct ring levee by repairing a portion of levee 
segment 106, as described in NULE GAR, replacing 
existing levee segments to the south and east, and 
constructing new levee to the north. 

Nicolaus Yes Yes Fix in Place 
No flood inundation is shown for Nicolaus. Repair levee 
segments adjacent to community, as described in 
NULE GAR. 

Walnut Grove Yes Yes Ring Levee 

Construct multiple three-ring levees by repairing levee 
segments in surrounding area, as described in NULE 
GAR, and replacing existing nonproject levees with 
new levees. 

Robbins Yes Yes Ring Levee Construct ring levee around town. 

Grayson Yes Yes Training Levee/Fix In 
Place 

Repair adjacent levee segment (207) along left bank of 
San Joaquin River per GAR recommendations, and 
construct training levee north of Grayson. 

Friant Partial No New Levee/Tieback Construct new levee along left bank of San Joaquin 
River and tieback levee along western edge of Friant. 

Meridian Yes Yes Ring Levee/Fix In 
Place 

Repair adjacent levee segment (115) along left bank of 
Sacramento River per NULE GAR recommendations, 
and construct ring levee around rest of town. 

Clarksburg Yes Yes Ring Levee 

Construct ring levee by repairing a portion of levee 
segments 303 and 244, as described in GAR, replacing 
a portion of an existing levee segment to the north and 
constructing a new levee to the west. 

Durham Yes Yes Fix in Place 
This area should be considered apart of Chico. At the 
minimum, repair levee segments 263 and 381, as 
described in GAR. 

Hamilton City Partial No Ring Levee No levee data are available from NULE GAR. A ring 
levee would be constructed with new levee. 

Mendota Partial No Ring Levee 

No levee data are available from NULE GAR. A ring 
levee would be constructed with new levee on the east, 
west, and south, and by replacing a portion of existing 
nonproject levee to the north. 
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Table 7-11.  Summary of Structural Evaluations for Small Communities (contd.) 
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Recommendation Description 

Glenn Partial Yes Ring Levee 

No levee data are available from NULE GAR. A ring 
levee would be constructed with new levee on the 
north, west, and south, and by replacing a portion of 
existing nonproject levee to the east. 

Bethel Island No No Not Assessed 

Community has been identified by FEMA as being in 
the 100-year floodplain.  However, no flood inundation 
is shown for Bethel Island. No levee data are available 
from NULE GAR. 

Princeton No Yes Not Assessed 

Community has been identified by FEMA as being in 
the 100-year floodplain.  However, no flood inundation 
is shown for Princeton. No levee data are available 
from NULE GAR. 

Verona No Yes Not Assessed 

Community has been identified by FEMA as being in 
the 100-year floodplain.  However, no flood inundation 
is shown for Verona. No levee data are available from 
NULE GAR. 

Thornton No No Not Assessed 

Community has been identified by FEMA as being in 
the 100-year floodplain.  However, no flood inundation 
is shown for Thornton. No levee data are available from 
NULE GAR. 

Butte City Yes Yes Ring Levee/Fix In 
Place 

Repair adjacent levee segment (68) along left bank of 
Sacramento River per GAR recommendations, and 
construct ring levee around the rest of the town. 

Colusa Yes Yes Training Levee/Fix In 
Place 

Repair adjacent levee segments (100 and 287) along 
right bank of Sacramento River per GAR 
recommendations, and construct training levee to the 
north and west of Colusa. 

Firebaugh Yes Yes Training Levees/ Ring 
Levees/Fix In Place 

Repair adjacent levee segments (5030) along left bank 
of San Joaquin River per GAR recommendations, and 
construct training levees to the north and south of 
Firebaugh, west of the San Joaquin River, and 
construct two small ring levees east of the San Joaquin 
River to protect housing subdivision and water 
treatment facility. 

Chester TBD No Not Assessed 

Community has been identified by FEMA as being in 
the 100-year floodplain.  However, no data found in 
GAR and no inundation observed from 100-year 
floodplain figures. 

Los Molinos No No Not Assessed 

Community has been identified by FEMA as being in 
the 100-year floodplain.  However, no data found in 
GAR and no inundation observed from 100-year 
floodplain figures. 

Gerber-Las 
Flores Partial Yes Fix In Place 

Community has been identified by FEMA as being in 
the 100-year floodplain.  However, no inundation 
observed from 100-year floodplain figures, but GAR 
contains data for Elder Creek levees. 
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Table 7-11.  Summary of Structural Evaluations for Small Communities (contd.) 

Small 
Community 

A
va

ila
bl

e 
D

at
a?

 

W
ith

in
 S

PF
C

 
Pl

an
ni

ng
 

A
re

a?
 

Recommendation Description 

Grimes Yes Yes Training Levee/Fix In 
Place 

Repair adjacent levee segment (288) along right bank of 
Sacramento River per GAR recommendations, and 
construct training levee south of Grimes. 

Rio Vista No Yes Not Assessed 

Community has been identified by FEMA as being in the 
100-year floodplain.  However, no data found in GAR 
and no inundation observed from 100-year floodplain 
figures. 

Wheatland Partial Yes Fix in Place 

Repair levee segments (138, 240, and 154) along the 
banks of Bear River and Dry Creek.  GIS figures do not 
show 100-year floodplain inundation, and town is built 
such that is difficult to protect with no knowledge of 
where floodflows originate. 

Tehama Partial No Not Assessed 

Community has been identified by FEMA as being in the 
100-year floodplain, and Tehama is built such that it can 
easily be encircled with ring levee.  However, GIS 
figures do not show 100-year floodplain inundation, and 
GAR only contains data for one levee segment 
upstream. 

Tranquility Partial No Not Assessed 

Community has been identified by FEMA as being in the 
100-year floodplain, and Tranquility is laid out such that 
is easy to encircle with ring levee.  However, GIS figures 
do not show 100-year floodplain inundation, and no data 
in NULE GAR. 

Biggs Partial Yes No Corrective Action 
Needed 

Community has been identified by FEMA as being in the 
100-year floodplain.  However, no flood inundation is 
shown for Byron. Levee data are available from NULE 
GAR; however, it was categorized as low threat so no 
costs were identified. 

Dos Palos/ 
South Dos 
Palos 

Partial Yes Fix in Place Repair entire levee segments 5028 and 5029, as 
described in NULE GAR. 

Byron No No Not Assessed 

Community has been identified by FEMA as being in the 
100-year floodplain.  However, no flood inundation is 
shown for Byron. No levee data are available from 
NULE GAR. 

Upper Lake Partial Yes Fix In Place 

Community has been identified by FEMA as being in the 
100-year floodplain.  However, 100-year floodplain 
maps do not show inundation.  Surrounding levees 
already ring community.  Fix existing levees per GAR 
recommendations, and possibly add a wing/training 
levee to prevent floodwaters backing up from the south. 

Knightsen No No Not Assessed 

Community has been identified by FEMA as being in the 
100-year floodplain.  However, no data found in GAR 
and no inundation observed from 100-year floodplain 
figures. 

Key: 
FEMA = Federal Emergency Management Agency 
GAR = Geotechnical Assessment Report 
GIS = geographic information system 

 
NULE = Non-Urban Levee Evaluations 
SPFCPA = State Plan of Flood Control Planning Area 
TBD = To be determined 
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No changes in reservoir operations rules or how existing weirs and other 
control structures function were considered as part of this approach.  Only 
structural changes would be made to reach the desired levels of protection 
for urban areas and small communities.  Conservation and environmental 
restoration elements are not addressed in this approach because the 
approach only provides flood protection as it relates to public safety. 

7.4.4 Approach Assessment 
Based on an initial assessment, this approach is estimated to cost about $9 
billion to $11 billion and take 15 to 20 years to implement. The approach 
would provide approximately an approximately 63 percent reduction in 
mean annual flood damages compared to current conditions.  Additionally, 
levee improvements that are limited to urban areas and small communities 
would result in minimal change to how the system functions, and to peak 
floodflows and stages. 

Flood Stage Assessment 
Although limited, this approach would include the opportunity to improve 
O&M of SPFC facilities in the vicinity of a number of urban areas and 
small communities.  This would include provisions for local erosion 
monitoring and problem corrections. However, the long-term cost to 
maintain the system would remain high (similar to current conditions) 
because this approach would not address chronic erosion, sedimentation, 
and other geomorphic conditions associated with the large extent of rural 
SPFC facilities. Consequently, this approach would only partially 
contribute to the goal of improving O&M. 

Additionally, levee improvements that are limited to urban areas and small 
communities would result in minimal change to how the system functions, 
and to peak floodflows and stages (Figures 7-19 and 7-20). Peak 
floodflows under this approach would not be reduced over No Project 
flows and in the Sacramento River Basin; a minor increase in peak flows 
would be seen in some downstream locations because the improved urban 
levees would keep more water in the floodways, resulting in increased 
stage in the levee system. 
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Figure 7-19.  Change in Peak Flood Stage for Protect High Risk Communities 
Approach Compared to No Project in Sacramento River Basin (100-year event) 
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Figure 7-20.  Change in Peak Flood Stage for Protect High Risk Communities 
Approach Compared to No Project in San Joaquin River Basin (100-year event) 
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Environmental Assessment 
This approach would generate some opportunities to integrate 
environmental features into urban area and small community protection 
actions, including the construction of waterside berms or incorporation of 
native vegetation or habitat.  However, because these opportunities would 
largely be site-specific, and because the footprint and operation of the 
SPFC facility would remain largely unchanged, this approach would not 
result in the restoration of ecosystem functions on a systemwide scale.  
There would also be few opportunities to incorporate groundwater recharge 
or other water-related benefits.  Consequently, this approach would have 
only a minor contribution to the supporting goals of promoting ecosystem 
functions and multi-benefit projects. 

Economics Assessment 
Based on an initial assessment, the Protect High Risk Communities 
Approach is estimated to cost between approximately $9 billion to $11 
billion and take 15 to 20 years to implement. This approach would provide 
an approximate 63 percent reduction in annual flood damages compared to 
current conditions. 

The potential for loss of life and economic damages in urban areas, which 
would achieve an urban level of flood protection, would be reduced 
substantially.  Improved flood protection for small communities would also 
reduce the potential for loss of life and economic damages, while 
preserving the important resources these communities provide to 
surrounding rural-agricultural areas. 

However, levels of protection elsewhere in the valley, particularly rural 
areas, would generally not improve.  Consequently, this approach only 
partially addresses the primary goal of improving flood risk management. 
Figures 7-21 and 7-22 show the EAD for structure and contents, crop, and 
business losses for the Protect High Risk Communities Approach, 
compared with No Project for the Sacramento and San Joaquin river basins, 
respectively.  Figures 7-23 and 7-24 present the change in expected 
damages under the Protect High Risk Communities Approach compared to 
No Project for the Sacramento and San Joaquin river basins respectively. 
For both basins, expected annual damages to structures and businesses 
would be reduced considerably from those incurred under No Project; 
however, changes to damages to crops would be minor because rural levees 
would not be improved under this approach. 
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Figure 7-21.  Expected Annual Damages from Flooding: Protect High 
Risk Communities Approach Compared to No Project for Sacramento 
River Basin 

 
Figure 7-22.  Expected Annual Damages from Flooding: Protect High 
Risk Communities Approach Compared to No Project for San 
Joaquin River Basin 



2012 Central Valley Flood Protection Plan 
Attachment 7: Plan Formulation Report 

7-52 January 2012 
 Public Draft 

 
Figure 7-23.  Change in Expected Annual Damages for the Sacramento River 
Basin Under the Protect High Risk Communities Approach Compared to No  
Project 
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Figure 7-24.  Change in Expected Annual Damages for the San Joaquin River 
Basin Under the Protect High Risk Communities Approach Compared to No 
Project 
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Cost Assessment 
Attachment 8J: Designs and Costs provides cost estimates for the Protect 
High Risk Communities Approach. The costs for this approach were 
categorized into four flood management elements: 

1. System Improvements – Only costs associated with F-CO/F-BO were 
included. 

2. Urban Improvements – Includes 200-year LOP urban SPFC levee 
projects. 

3. Rural Agricultural Improvements – Includes up to 120 miles of levee 
improvements to non-urban SPFC levees through the NULE Program, 
and new levees for small communities located within the SPFC. 

4. Residual Risk Management – Includes features such as flood 
information sharing and collection and establishment of a rural post-
flood recovery program because of the minimal investment in rural 
levee repairs could allow for more levee failures. 

Table 7-12 summarizes the improvement costs for the Protect High Risk 
Communities Approach for the Sacramento and San Joaquin river basins. 

Table 7-12.  Improvement Costs for Protect High Risk Communities 
Approach for Sacramento and San Joaquin Basins ($ Millions) 

 
Sacramento River 

Basin 
San Joaquin River 

Basin 

Low  High Low  High 

System Improvements $ 43 to $ 53 $ 48 to $ 61 

Urban Improvements $ 5,136 to $ 6,099 $1,224 to $ 1,440 

Rural Improvements $ 1,097 to $ 1,316 $ 156 to $ 188 

Residual Risk 
Management $ 878 to $ 1,062 $ 479 to $ 575 

Total Costs $ 7,154 to $ 8,530 $ 1,907 to $ 2,264 

The estimated capital costs for improving SPFC facilities to achieve an 
urban LOP and for protection of small communities are significantly higher 
for the Sacramento River Basin because of the greater magnitude of 
population at risk. 
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7.5 Preliminary Approach Enhance Flood 
System Capacity 

The Enhance Flood System Capacity Approach seeks opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. In contrast to the other preliminary approaches, 
which focus on improvements that can be implemented primarily within 
the existing footprint of the flood management system, this approach would 
include modifications to the existing footprint and function of the flood 
management system. 

7.5.1 Description 
This approach supports the primary goal of improving flood risk 
management by enhancing the capacity of the flood management system 
through widening floodways, reconnecting floodplains, and increasing 
floodwater storage.  Floodwater storage would be increased through a 
combination of operational changes to existing reservoirs, new reservoir 
storage, and modified or new floodplain storage. 

This approach supports the secondary goals of promoting ecosystem 
functions and promoting multi-benefit projects.  Enhancing flood system 
capacity would provide opportunities to achieve multiple benefits in 
addition to flood risk reduction, such as environmental restoration and 
related water resources benefits.  For example, widening floodways could 
contribute to the restoration of ecosystem functions while also improving 
floodwater conveyance; similarly, the reconnection of floodplains could 
restore natural floodplain processes while also providing floodwater 
storage. 

This approach would generally increase the level of flood protection 
provided by the system; however, levels of protection would vary widely 
from location to location.  Compared with previous approaches, this 
approach would provide the greatest opportunities for restoring native 
habitats (including aquatic, riparian, and floodplain habitats) and also 
provide opportunities to improve connectivity and ecosystem functions.  In 
addition, it would provide opportunities to improve water supply reliability 
through multipurpose reservoir storage projects, conjunctively managed 
groundwater and surface water resources, and groundwater recharge within 
floodplain storage areas. 



2012 Central Valley Flood Protection Plan 
Attachment 7: Plan Formulation Report 

7-56 January 2012 
 Public Draft 

7.5.2 Approach Formulation 
To formulate the Enhance Flood System Capacity Approach, a series of 
steps were taken to assess the effectiveness of various modifications to the 
system in achieving the desired goals of increasing storage and 
conveyance, and providing opportunities for multi-benefit integration. 
Table 7-13 lists the approach formulation for the Sacramento and San 
Joaquin river basins. Thorough an iterative process, several capacity 
enhancement needs were identified, and recommendations for how they 
should be addressed were compiled. Assessment of capacity enhancement 
needs and recommendations for the Sacramento and San Joaquin river 
reaches is summarized in Tables 7-13 and 7-14. 

Table 7-13.  Summary of Needs and Recommendations for 
Sacramento River Basin 

River Reach Capacity Enhancement 
Needs Enhancement Options 

Sacramento River – 
Redding to Colusa 

Out-of-system floodwaters 
were observed during all 
analyzed flood events (0.2 to 
10 percent chance event). 
Improve connectivity and 
establish riparian habitat 
through creation of new 
lands by natural deposition 
process while reducing O&M 
responsibilities. 

In-place levee improvements. 
Setback levees in this reach are 
not applicable because of 
topography constraints. 
New storage and/or reservoir 
operation modifications are not 
applicable. 
Remove unnecessary rock sites 
(Chico landing area/Sacramento 
River split area) from the SPFC 
while preventing removal from 
negatively impacting downstream 
project levees or local roads and 
infrastructure. 

Sacramento River – 
Colusa to Fremont 

Out-of-system floodwaters 
were observed during less 
frequent flood events (0.2 to 
1 percent chance event).  
Reduction in flood peaks 
through this reach is 
needed. 
Continue system O&M as is. 
Continue to recognize the 
importance of the Sutter 
Bypass fish passage 
function, and support 
existing habitat areas within 
the bypass. Some 
opportunities for enhancing 
these features may exist.  
There is some potential for 
strategic levee setbacks to 
reduce O&M requirements 
related to erosion. 

Floodplain storage to reduce 
flood stages. 
Bypass expansion of Colusa, 
Tisdale, and/or Sutter bypasses 
to reduce flood stages. 
Weir modification to widen 
Fremont Weir to improve 
conveyance from the Sutter 
Bypass to Yolo Bypass. 
Setback levees in this reach are 
not effective in reducing flood 
stages. 
New storage and/or reservoir 
operation modifications are not 
applicable. 
New bypass in lower system to 
take pressure off Tisdale Weir, 
and continue to provide fish 
passage to Butte Creek with 
shaded riverine habitat. 
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Table 7-13.  Summary of Needs and Recommendations for 
Sacramento River Basin (contd.) 

River Reach Capacity Enhancement 
Needs Enhancement Options 

Sutter Bypass 

Out-of-system floodwaters were 
observed in most analyzed flood 
events (0.2 to 4 percent chance 
event).  
Improved conveyance is needed 

Bypass expansion through levee 
improvements/raise, or, 
alternatively, in locations where 
physically possible, through levee 
setbacks. 

Feather River – 
Oroville to Yuba City 

Out-of-system floodwaters were 
observed in more infrequent flood 
events.  
Reduction in flood peaks through 
this reach is needed. 

Reservoir operation changes in Lake 
Oroville to reduce flood stages. 
New bypass downstream from Lake 
Oroville to Butte Basin through 
Cherokee Canal. 
New storage is not applicable. 
Setback levee is not effective. 

Feather River – Yuba 
City to Nicolaus 

Out-of-system floodwaters were 
observed in all analyzed flood 
events (0.2 to 4 percent chance 
event). Some flooding in this 
reach is caused by backwater 
effects. 
Improved conveyance is needed. 

Levee improvement/raise or, 
alternatively, in locations where 
physically possible, levee setbacks 
to improve reach conveyance 
capacity. 
Transitory storage to divert 
floodwaters of the Feather River or 
Sutter Bypass to reduce backwater 
effects on the Feather/Sacramento 
river junction. 
Construct a setback levee at the 
confluence of the Feather River and 
the Sutter Bypass to connect the 
river system and floodplains. 
However, this modification may 
result in unintended hydraulic 
effects. 

Sacramento River – 
Fremont Weir to Rio 
Vista 

Out-of-system floodwaters were 
observed during high flood events 
(0.2 to 2 percent chance event).  
Improved levee reliability and/or 
reduction in flood peaks through 
this reach are needed. 

Bypass expansion of Sutter and/or 
Yolo bypasses to reduce flood 
stages in this reach. 
Weir modification to widen Fremont 
Weir to improve conveyance from 
the Sutter Bypass to Yolo Bypass. 
Setbacks not effective in this reach 
in achieving stage reductions. 
Transitory storage not effective. 
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Table 7-13.  Summary of Needs and Recommendations for 
Sacramento River Basin (contd.) 

River Reach Capacity Enhancement 
Needs Enhancement Options 

Yolo Bypass 

Out-of-system floodwaters 
were observed in all 
analyzed flood events. 
Improved conveyance is 
needed to pass peak flows 
through the system and 
reduce water surface 
elevations in the 
Sacramento River. 

Bypass expansion (setting back 
west levee of Yolo Bypass) to 
increase storage/conveyance. 
Widen Fremont Weir. 

Key: 
O&M = operations and maintenance 
SPFC = State Plan of Flood Control 

Table 7-14.  Summary of Needs and Recommendations San Joaquin 
River Basin 

River Reach Capacity Enhancement 
Needs Enhancement Options 

Fresno Slough 

Out-of-system floodwaters were 
observed in all analyzed flood 
events (0.2 to 10 percent chance 
event). Flooding is caused by 
flood operations on Kings River. 
(Increased storage is needed.) 

Floodplain transitory storage to 
manage floodwaters, without 
affecting downstream reaches of 
the San Joaquin River. 
Other actions upstream on Kings 
River to reduce flood release 
through James Bypass and 
Fresno Slough. 
Reservoir storage is not 
applicable. 
Setbacks are not effective in 
creating large storage.  

Chowchilla, 
Eastside, and 
Mariposa 
Bypasses 

Out-of-system floodwaters were 
observed in all analyzed flood 
events (0.2 to 10 percent chance 
event). Channel capacity varied 
throughout the bypasses, which 
may be affected by subsidence.   
Improved conveyance is needed. 

Bypass conveyance capacity 
expansion through levee raise or, 
alternatively, in locations where 
physically possible, through levee 
setbacks. 

San Joaquin 
River – Mariposa 
Bypass to 
Merced River 

Improved conveyance in the 
bypasses would increase the 
volume of floodwater conveyed 
through this reach. 
Improved conveyance is needed. 

Levee raises or, alternatively, in 
locations where physically 
possible, levee setbacks to 
increase reach conveyance 
capacity. 
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Table 7-14.  Summary of Needs and Recommendations for San 
Joaquin River Basin (contd.) 

River Reach Capacity Enhancement 
Needs Enhancement Options 

San Joaquin 
River – Merced 
River  to 
Tuolumne River 

Out-of-system floodwaters were 
observed in all analyzed flood 
events (0.2 to 10 percent chance 
event). SPFC levees are 
intermittent in this reach. 
Floodwaters from the bypasses 
and the Merced River dominated 
the flows in this reach.  
Lake McClure exceeds its 
release objectives during a 1 
percent chance flood event, with 
a simulated 99 TAF of inflow that 
is in excess of available flood 
storage, indicating a need for 
increased storage.   

Floodplain transitory storage to 
manage floodwaters from main-
stem San Joaquin and tributaries.  
Storage and/or reservoir operation 
changes on the Merced River 
through modifications to Lake 
McClure operations. 
Setbacks are not effective in 
addressing the need for large 
storage. 

San Joaquin 
River – Tuolumne 
River to 
Stanislaus River 

Out-of-system floodwaters were 
observed in all analyzed flood 
events (0.2 to 10 percent chance 
event). SPFC levees are 
intermittent in this reach. 
Floodwaters from the Tuolumne 
River dominate the flows in this 
reach.  
New Don Pedro Reservoir 
exceeded its release objectives 
during 2 and 1 percent chance 
flood events (has a simulated 86 
and 224 TAF of inflow that is in 
excess of available flood 
storage, respectively), indicating 
a need for increased storage. 

Floodplain transitory storage to 
manage floodwaters from main-
stem San Joaquin River and 
tributaries.  
Storage and/or reservoir 
operational criteria changes on the 
Tuolumne River through 
modifications to New Don Pedro 
Reservoir. 
Levee setbacks, while not 
effective in addressing the need 
for large storage, may be 
applicable at the confluence with 
the Tuolumne River to address 
erosion problems.  

San Joaquin 
River – 
Stanislaus to 
Stockton 

Out-of-system floodwaters were 
observed in all analyzed flood 
events (0.2 to 10 percent chance 
event). Floodwaters from the 
Tuolumne River dominate flows 
in this reach.  
New Melones Reservoir is 
appropriately sized to 
accommodate up to 1 percent 
chance event. 

Floodplain transitory storage to 
manage floodwaters from 
mainstem San Joaquin River and 
tributaries.  
Storage and/or reservoir 
operations modifications to New 
Melones Reservoir were not 
effective because New Melones 
Reservoir is already appropriately 
sized. 
Levee setbacks, while not 
effective in addressing the need 
for large storage, may be 
applicable at the confluence with 
the Stanislaus River to address 
erosion problems. 

Key: 
SPFC = State Plan of Flood Control 
TAF = thousand acre-feet 
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7.5.3 Approach Elements 
Based on the findings summarized in Tables 7-13 and 7-14, a number of 
storage and conveyance concepts were formulated. This approach includes 
modifying the existing footprint and function of the flood management 
system primarily to increase the overall conveyance capacity and 
floodwater storage, and to provide opportunities for ecosystem restoration 
and water resources benefits. This approach also protects high risk 
communities and repairs levees in place in rural-agricultural areas to 
achieve design flow capacity from flooding from major rivers and 
tributaries with SPFC facilities.  This approach does not include 
improvements that may be needed to address interior drainage or other 
local sources of flooding. Also, this approach does not include 
improvements to non-SPFC levees that protect some urban areas. 

In general, flood system capacity can be increased through widening 
floodways and bypasses, setting back levees away from the active river 
channel, and increasing floodwater storage.  Floodwater storage can be 
increased through a combination of operational changes to existing 
reservoirs, new reservoir storage, and modified or new floodplain storage.  
Widening floodways and setting back levees along some reaches of major 
rivers and tributaries also provides significant opportunities to restore 
native habitat quantity, quality, and connectivity, and to restore natural 
processes necessary to support healthy ecosystems. 

In addition to the elements included in the prior two approaches, major 
elements of the Enhance Flood System Capacity Approach are shown in 
Figure 7-25 and include the following: 

• The existing bypass system in the Sacramento River Basin, including 
the Sutter and Yolo bypasses and associated inflow weirs, forms the 
central backbone of the Sacramento River Flood Control Project, 
forming a corridor for conveying floodflows to the Delta.  This 
approach would increase the capacity of the existing bypass system to 
enhance its efficiency and ability to convey large flood events.  Initial 
analyses indicate that the following combination of features could 
effectively enhance the performance of the existing bypass system: 

 Widening the Sutter Bypass by up to 1,000 feet to increase its 
capacity by 50,000 cfs 

 Widening the Colusa Weir and Bypass and the Tisdale Weir and 
Bypass by up to 1,000 feet 

 Widening the Fremont Weir by about 1 mile, and widening portions 
of the Yolo Bypass to increase its capacity by 40,000 cfs 
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 Widening the Sacramento Weir and Bypass by about 1,000 feet 

• This approach also includes a potential new bypass to divert flows from 
the Feather River downstream from Oroville Dam along the alignment 
of Cherokee Canal into Butte Basin.  Initial analyses indicate that a 
bypass with a capacity of 32,000 cfs could reduce peak flood elevations 
along the Feather River and help convey floodflows into the existing 
bypass system. 

• In the lower portion of the San Joaquin River Basin, this approach 
includes a new bypass to divert flows from the San Joaquin River into 
the south Delta.  Preliminary analyses indicate that a new bypass at 
Paradise Cut, or in its vicinity, with a capacity of about 4,000 cfs could 
effectively reduce peak flood stage along the San Joaquin River in the 
Stockton Metropolitan Area. 

• This approach includes floodway widening along smaller sections of 
the river by setting back SPFC levees as follows: 

 Along the right bank of the Feather River (below the Bear River 
confluence) to allow opportunities for ecosystem restoration and to 
provide continuity with Sutter Bypass  

 Along intermittent sections of the Sacramento River upstream from 
the Tisdale Weir to provide a more continuous corridor for 
environmental restoration and to address levee conditions 

 Along the San Joaquin River between the Merced and Stanislaus 
rivers 

• This approach includes modification to the reservoir release schedule 
and flood storage allocation at Oroville Dam and Reservoir (equivalent 
to an additional 200,000 acre-feet of flood storage), and coordinated 
operation with Bullards Bar Reservoir, to reduce flood stages on the 
Feather River during a 200-year (0.5 percent annual chance) flood 
event.  Also, in the San Joaquin River Basin, the State would partner 
with interested reservoir operators  to increase the flood storage 
allocation at New Don Pedro, Friant, and New Exchequer dams by 
about 400,000 acre-feet to effectively manage the 100-year (1 percent 
annual chance) flood event at these reservoirs.  These features help 
manage the timing and magnitude of peak floodflows before they enter 
the Sacramento and San Joaquin rivers. 
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Key: SPFC = State Plan of Flood Control 
Figure 7-25.  Improvements Included in Enhance Flood System Capacity Approach 
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• This approach includes approximately 200,000 acre-feet of 
transitory storage in the floodplains of the Sacramento River Basin 
and approximately 100,000 acre-feet of transitory storage in the 
floodplains of the San Joaquin River Basin. Floodplain storage 
effectively works with bypass and floodway expansion to attenuate 
flood peaks and provide opportunities for conservation of 
agricultural lands and native floodplain habitats. 

7.5.4 Approach Assessment 
Based on an initial assessment, the Enhance Flood System Capacity 
Approach is estimated to cost between approximately $32 billion to $41 
billion and would take 35 to 40 years to implement. This approach would 
provide an approximate 80 percent reduction in annual flood damages 
compared to current conditions. 

This investment would expand system storage and conveyance capacity, 
resulting in reduced peak flood stages throughout the system. This would, 
in turn, result in increased levels of flood protection throughout the system, 
although levels would continue to vary from location to location.  Some 
urban areas would achieve an urban level of flood protection, or higher, 
through the combination of conveyance and storage improvements, while 
others would not. 

Flood Stage Assessment 
This approach would provide opportunities to address chronic erosion, 
geomorphic conditions, and levee foundation conditions that make O&M 
of the current system costly and unsustainable.  Hence, the approach would 
significantly address the supporting goal of improving O&M. 

This investment would expand the system storage and conveyance capacity 
resulting in reduced peak flood stages throughout the system (see Figure 7-
26). In the Sacramento River Basin, reduction in stage would result from 
expansion of the Sutter and Yolo bypasses as well as from widening the 
Fremont and Sacramento weirs.  By improving the levees, diverting flows 
to bypasses, and widening the channel in key locations, more water would 
be allowed to flow through the system at reduced stage. 
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Figure 7-26.  Change in Peak Flood Stage for Enhance Flood System Capacity 
Approach Compared to No Project in Sacramento River Basin (100-year Event) 
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Figure 7-27.  Change in Peak Flood Stage for Enhance Flood System Capacity 
Approach Compared to No Project in San Joaquin River Basin (100-year Event) 
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In the San Joaquin River Basin, stage reductions due to increase flood 
storage in reservoirs and floodplain easements would be partly offset by an 
increase in stage as a result of repairing and strengthening the 
Chowchilla/Eastside/Mariposa bypasses levee system (see Figure 7-27). 

Overall, the Enhance Flood System Capacity Approach would result in 
increased levels of flood protection throughout the system, although levels 
would continue to vary from location to location.   

Environmental Assessment 
This approach would provide opportunities to restore native habitats 
(including aquatic, riparian, and floodplain habitats) and improve the 
quality and connectivity of environmental resources within the flood 
management system.  It would also provide opportunities to improve (1) 
water supply reliability through multipurpose reservoir storage projects, (2) 
conjunctive management of groundwater and surface water resources, and 
(3) groundwater recharge within floodplain storage areas.  Accordingly, it 
would fully address the supporting goals of promoting ecosystem functions 
and multi-benefit projects. 

Economics Assessment 
Economic damages would be reduced to various degrees throughout the 
system.  Accordingly, this approach would address the primary goal of 
improving flood risk management, although at a high cost. 

Figures 7-28 and 7-29 show the EAD for structure and contents, crop and 
business losses for the Enhance Flood System Capacity Approach 
compared with No Project for the Sacramento and San Joaquin river basins, 
respectively. Figures 7-30 and 7-31 provide geographic representations of 
the changes between the Enhance Flood System Capacity Approach and 
No Project for the Sacramento and San Joaquin river basins respectively. 
For both basins, expected annual damages to structures and businesses will 
be reduced considerably from those incurred under No Project. 
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Figure 7-28.  Expected Annual Damages from Flooding: Enhance 
Flood System Capacity Approach Compared to No Project for 
Sacramento River Basin 

 
Figure 7-29.  Expected Annual Damages from Flooding: Enhance 
Flood System Capacity Approach Compared to No Project for San 
Joaquin River Basin 
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Figure 7-30.  Change in Expected Annual Damages for the Sacramento River  
Basin Under the Enhance Flood System Capacity Approach Compared to  
No Project 
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Figure 7-31.  Change in Expected Annual Damages for the San Joaquin River 
Basin Under the Enhance Flood System Capacity Approach Compared to No 
Project 
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Cost Assessment 
The Draft 2012 CVFPP – Cost Estimating Methodology Memorandum 
(GEI Consultants, 2011) provides cost estimates for the Enhance Flood 
System Capacity Approach. The costs for this approach were categorized 
into four flood management elements: 

1. System Improvements – This is a significant element of the Enhance 
Flood System Capacity Approach. In addition to costs associated with 
F-CO/F-BO, this approach also includes costs for bypass expansion and 
improvements, fish passage improvements, and increased flood storage 
in foothill reservoirs and on floodplains. 

2. Urban Improvements – Includes 200-year LOP urban SPFC levee 
projects. 

3. Rural Agricultural Improvements – Includes improvements to non-
urban SPFC levees through the NULE Program, and new levees for 
small communities located within the SPFC. 

4. Residual Risk Management – This is a minor part of the Enhance 
Flood System Capacity Approach since the need is expected to be less 
than other approaches because of the significant investment in physical 
flood system improvements. 

Table 7-15 summarizes the improvement costs for the Enhance Flood 
System Capacity Approach for the Sacramento and San Joaquin river 
basins. 

Table 7-15.  Improvement Costs for the Protect High Risk 
Communities Approach for the Sacramento and San Joaquin 
Basins ($ Millions) 

 
Sacramento River 

Basin 
San Joaquin River 

Basin 

Low  High Low  High 

System Improvements $ 5,394 to $6,846 $ 2,216 to $ 4,043 

Urban Improvements $ 4,704 to $ 5,091 $ 792 to $ 434 

Rural Improvements $ 14,425 to $ 18,366 $ 3,663 to $ 4,709 

Residual Risk 
Management $ 442 to $ 536 $ 211 to $ 232 

Total Costs $ 24,965 to $ 30,839 $ 6,882 to $ 9,446 
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7.5.5 Residual Risk Management 
Even with the realization of major physical improvements to the flood 
management system, the risk of flooding can never be completely 
eliminated. Unanticipated facility failures or extreme flood events may 
cause flooding. This remaining flood threat is called “residual risk.” 

DWR manages residual risk through programs governed by DWR’s 
existing organization for FloodSAFE implementation. These programs are 
responsible for specialized work in the following areas: 

• Flood emergency response 

• Flood O&M 

• Floodplain risk management 

Areas protected by levees that undergo major improvements will generally 
require lower levels of residual risk management compared with levees that 
are not improved. 

In addition to the major physical elements shown above, each approach 
would require different levels of ongoing annual management of residual 
risk. Emergency response, flood system O&M, and floodplain risk 
management depend on the configuration and reliability of the physical 
features included in the system. Table 7-16 shows residual risk 
management for the three preliminary approaches.  The columns on the 
right show the residual risk management actions included for each 
preliminary approach. In some cases, the actions would be implemented 
with a small, medium, or large level of effort. Additional discussion of 
residual risk is included in Section 8.11. 

7.6 Evaluation and Comparison of 
Accomplishments 

To illustrate the potential trade-offs among benefits, costs, and other factors 
relevant to formulation of the SSIA, the three preliminary approaches were 
compared according to their effectiveness in contributing to the 2012 
CVFPP goals and other performance measures. 
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Table 7-16.  Residual Risk Management 
Flood 

Management 
Element 

Project Location  or 
Required Components 

Achieve SPFC 
Design Flow 

Capacity 

Protect High 
Risk 

Communities 

Enhance 
Flood System 

Capacity 

Enhanced Flood 
Emergency 
Response 

All-Weather Roads on Levee 
Crowns 

(included in rural 
levee repairs) 

(No rural levee 
repairs) 

(included in 
rural levee 

repairs) 
Flood Information Collection and 
Sharing 

YES 
(small) 

YES 
(large) 

YES 
(small) 

Local Flood Emergency 
Response Planning YES YES YES 

Forecasting and Notification 
 

YES 
 

Rural Post-Flood Recovery 
Assistance Program  

YES 
(large)  

Enhanced 
Operations and 
Maintenance 

Identify and Repair After Event 
Erosion 

YES 
(small) 

YES 
(large) 

YES 
(small) 

Develop and Implement 
Enhanced O&M Programs and 
Regional O&M Organizations 

YES YES YES 

Sacramento Channel and Levee 
Management, and Bank 
Protection 

YES YES YES 

Floodplain 
Management 

Raising and Waterproofing 
Structures and Building Berms YES* YES* YES* 

Purchasing and Relocating 
Homes in Floodplains YES* YES* YES* 

Land-Use and Floodplain 
Management YES YES YES 

* Ongoing FEMA programs, implementation based on available funding and conformance with federal criteria 
Key:   
O&M = operations and maintenance 
SPFC = State Plan of Flood Control 

7.6.1 System Performance Indicators 
Several system performance indicators can demonstrate how well each of 
the approaches meets the primary goal of the 2012 CVFPP, improving 
flood risk management.  These system performance indicators include the 
following: 

• Life Risk – Life risk is described as the long-term annual number of 
lives potentially lost in an identified area, considering a given climate 
and land-use condition, with a specified plan of flood protection in 
place. 

• Expected Annual Damages –The key output of HEC-FDA is the EAD, 
which is defined as the average or mean of all possible values of 
damages determined by Monte Carlo sampling. 
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• Level of Protection – LOP is defined as the amount of flood protection 
able to withstand flooding for AEP. 

• Changes in Peak Flow – The effectiveness of the flood management 
system can be measured by how much the peak flood flow is reduced. 

Other system performance indicators measure how each of the approaches 
meet the supporting goals of the CVFPP.  These secondary performance 
indicators include the following: 

• Changes in O&M – Improvements in O&M can be measured by the 
cost or frequency to complete routine O&M. 

• Ecosystem Function – Promotion of ecosystem functions can be 
measured by the restoration of key physical processes, restoration of 
habitats, and number of native species. 

• Institutional Support – Improvement of institutional support can be 
measured by the amount of funding available for flood management 
projects or the number of projects that are completed. 

• Multi-Benefit Projects – Promotion of multi-benefit projects can also be 
measured by the amount of funding available or the number of projects 
completed. 

7.6.2 Primary Goal Indicators 
This section summarizes the results for each of the primary goal indicators. 

Life Risk 
The consequence of flood inundation may be measured in terms of direct 
and/or indirect economic costs, loss of life, environmental impacts, or other 
specified measure of flood effects. In the analysis described herein, the 
consequence of flood risk is represented in terms of potential loss of life. 
Life risk, as described in the 2012 CVFPP, is the long-term average annual 
number of lives potentially lost in an identified area, considering a given 
climate and land-use condition, with a specified plan of flood protection in 
place. 

A life risk calculation, as an indicator or representation of flood risk, was 
developed based on the following: 

• Population exposed to inundation before a warning is given 

• Types and efficiencies of warning systems 
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• Exposed population after a warning is given 

• Potential loss of life due to inundation 

Table 7-17 summarizes the estimated life risk values for the Sacramento 
and San Joaquin river basins, for No Project and the three 2012 CVFPP 
preliminary approaches. These values are the expected annual statistics 
computed by HEC-FDA. Details on how life risk values were calculated 
can be found in Attachment 8G: Life Risk Analysis. 

Table 7-17.  Percent Reduction in Life Risk Values: Sacramento and San 
Joaquin River Basins 

Study Approaches 
Sacramento 
River Basin 

(Percent 
Reduction) 

San Joaquin 
River Basin 

(Percent 
Reduction) 

Stockton 
Area 

(Percent 
Reduction) 

Total 
(Percent 

Reduction) 

No Project 58.6 4.1 1.4 64.1 
Achieve SPFC Design 
Flow Capacity 56.0 4.0 0.2 60.2 

Protect High Risk 
Communities 31.6 3.9 0.2 35.6 

Enhance Flood System 
Capacity 23.2 2.0 0.2 25.4 

Key: SPFC = State Plan of Flood Control 

The general trend shows that all three approaches would reduce potential 
lives lost relative to No Project, with the highest potential reduction 
realized through the Enhance Flood System Capacity Approach. 

Economic Damages 
Economic damages from a flood event indicate the performance of the 
flood management system.  Figures 7-32 and 7-33 present the annual 
structure, crop and business losses for the Sacramento and San Joaquin 
river basins for No Project and each of the three preliminary approaches.  
Economic damages are shown in millions of dollars per year. 

In the Sacramento River Basin, the general trend shows that all three 
approaches reduce annual damages and business losses relative to No 
Project, with the highest potential economic benefits realized through the 
Enhance Flood System Capacity Approach (Figure 7-32). 
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Figure 7-32.  Summary of Potential Annual Direct Impacts of Flooding 
in the Sacramento River Basin 

In the San Joaquin River Basin, the general trend shows that all three 
approaches reduce annual structure damages relative to No Project (Figure 
7-33). Annual business losses remain unchanged from No Project by any of 
the preliminary approaches. Annual crop damages are reduced by the 
Achieve SPFC Design Flow capacity and the Enhance Flood System 
Capacity approaches; however, the Protect High Risk Communities 
Approach does not show a reduction in annual crop damages. This is 
because although cities and towns are protected under this approach, 
agricultural lands do not receive an increased LOP. 
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Figure 7-33.  Summary of Potential Annual Direct Impacts of Flooding 
in the San Joaquin River Basin 

Level of Protection 
The 2012 CVFPP has a goal for urban areas to achieve an LOP against a 
0.5 percent AEP flood event (200-year LOP).  The goal for rural areas is to 
achieve an LOP against a 1 percent AEP flood event (100-year LOP).  
Figures 7-34 and 7-35 show the populations in the Sacramento and San 
Joaquin river basins and the LOP afforded to them under each approach. 
All of the preliminary approaches showed an increase in the percentage of 
populations that are protected from the 0.5 or 1 percent AEP flood versus 
No Project with the greatest LOP for the greatest population occurring 
under the Protect High Risk Communities Approach. 

Change in Peak Flow 
The three preliminary approaches result in different peak flows and stages. 
Hydrologic and hydraulic modeling for the three preliminary approaches 
provided estimates of peak flow and stage compared to No Project at key 
SPFC locations1. Figure 7-36 shows peak 100-year floodflows at several of 
these locations within the Sacramento River Basin for No Project and the 
three preliminary approaches. The figure also shows the corresponding 
peak stage change for each preliminary approach compared to current 
conditions. 

 

                                                           
1 A separate hydraulic analysis would be required to assess hydraulic impacts. 
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Figure 7-34.  Protection for Population in Sacramento River Basin 

 
Figure 7-35.  Protection for Population in San Joaquin River Basin 
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Figure 7-37 shows peak 100-year floodflows at several of these locations 
within the San Joaquin River Basin for current conditions and the three 
preliminary approaches. The figure also shows the corresponding peak 
stage for each preliminary approach compared to current conditions. 

In general, the Achieve SPFC Design Flow Capacity Approach would 
result in higher river stages than for No Project because levee rehabilitation 
would result in more water being passed. The Protect High Risk 
Communities Approach would result in relatively little stage change 
compared with existing conditions because levee improvements would be 
focused in small areas and much of the levee system would remain in its 
current condition. The Enhance Flood System Capacity Approach generally 
would provide for lower flood stages, except in the upper San Joaquin 
River Basin bypass, since flood peaks would be lowered by storage, and 
bypasses would provide wider flow areas that reduce stages. 

7.6.3 Supporting Goal Indicators 
As stated above, four other system performance indicators were used to 
measure how each of the approaches would meet the secondary goals of the 

2012 CVFPP.  These secondary goal indicators include 
improvements in O&M, promotion of ecosystem functions, 
improvement of institutional support, and promotion of 
multi-benefit projects.  Improvements in O&M can be 
measured by the cost to complete or frequency of 
completing routine O&M.  In addition to routine O&M, the 
need and cost to complete nonroutine O&M can be an 
indicator of how well the flood management system is 
performing.  Promotion of ecosystem functions can be 
measured by the restoration of key physical processes, 
restoration of habitats, and number of native species.  The 
number of fish passage opportunities can also be an 
indicator of ecosystem functions in the flood management 

system.  Improvement of institutional support can be measured by the 
amount of funding available for flood management projects or the number 
of projects that are completed.  Promotion of multi-benefit projects can also 
be measured by the amount of funding available or the number of projects 
completed.  To complete multi-benefit projects, a qualitative assessment of 
opportunities to integrate water quality, groundwater recharge, recreation, 
power, and other benefits should be completed for flood management 
planning projects. 

Multi-Benefit Projects 

To complete multi-benefit 
projects, a qualitative 
assessment of opportunities to 
integrate water quality, 
groundwater recharge, 
recreation, power, and other 
benefits should be completed 
for flood management planning 
projects. 
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Key: cfs = cubic feet per second ft = feet SPFC = State Plan of Flood Control 
Figure 7-36.  Simulated Peak Flow and Stage Changes for Sacramento River 
Basin for 100-Year Storm Events 
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Key: cfs = cubic feet per second ft = feet SPFC = State Plan of Flood Control 
Figure 7-37.  Simulated Peak Flow and Stage Changes for San Joaquin River  
Basin for 100-Year Storm Events 
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7.6.4 Other Indicators 
Other considerations for the different approaches include downstream 
effects.  Improvements to the flood management system would cause fewer 
system failures, which could increase downstream Delta inflows. 

The flood management system in the Delta manages flows from the 
Sacramento and San Joaquin watersheds, tributaries, and tides from the San 
Francisco and San Pablo bays.  Water management facilities in the Delta 
include levees around the developed islands, pumping plants, control gates, 
port facilities, gages used in flood and water quality forecasting, and 
diversion and inlet structures.  Summary findings for the Delta Model 
results for No Project are as described in Section 3 of Attachment 8D: 
Estuary Channel Evaluations.  Results are shown in two formats: 

1. Stage-frequency curves for 15 locations in the Delta to show the peak 
water stage of each of six storm events. 

2. Peak volume of water inside inundated Delta islands. 

Comparing these No Project results to results for each of the three 
preliminary approaches can be used to compare the downstream effects for 
each approach.  Flows to the Delta can affect levee stress and levee 
failures. 

7.6.5 Contributions to the 2012 CVFPP Goals    
Table 7-18 compares the relative contributions of the preliminary 
approaches to the 2012 CVFPP primary goal of improving flood risk 
management.  Contributions to the primary goal are described in terms of 
level of flood protection, public safety, and economic damages. 

Table 7-19 compares the relative contributions of the preliminary 
approaches to the 2012 CVFPP supporting goals of Improve Operations 
and Maintenance, Promote Ecosystem Functions, and Promote Multi-
Benefit Projects. Table 7-19 also assesses the relative completeness of the 
preliminary approaches described as the ability to meet the various 
objectives described in the authorizing legislation. 

Sustainability 
Table 7-20 compares the sustainability aspects of the three preliminary 
approaches. Sustainability relates to the overall financial, environmental, 
social, and climate change adaptability aspects of the flood management 
system under a given approach. 
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Table 7-18.  Relative Comparison of Preliminary Approach Contributions to Central Valley Flood Protection Plan 
Primary Goal 

Metric Existing System  
(No Project) 

Preliminary Approaches 

Achieve SPFC Design Flow 
Capacity 

Protect High Risk 
Communities 

Enhance Flood System 
Capacity 

Contributions to Primary Goal – Improve Flood Risk Management 

Level of Flood 
Protection 

Varies throughout system 
• Most urban areas do not 

have urban level of flood 
protection 

• Protection to rural-
agricultural areas and 
small communities varies 
widely 

Varies throughout system 
• Substantial improvement in rural-

agricultural areas and partial 
improvement in urban areas 

• SPFC facilities reliably pass 
design flow capacities 

• Levels of flood protection 
associated with SPFC design flow 
capacities vary throughout the 
system 

High in urban areas and small 
communities, varies 
elsewhere 
• Urban areas achieve 200-

year flood protection 
• Small communities achieve 

100-year flood protection 

Overall higher protection, 
but varies throughout 
system 
• Urban areas achieve 200-

year flood protection 
• Small communities achieve 

100-year flood protection 
• Overall increased levels of 

flood protection throughout 
system  

Public Safety  
(focused on 
population 
at risk) 

Varies throughout system 
• Public safety threat is high 

for many communities, 
particularly those in deep 
floodplains 

• 79% of population with 
less than 100-year 
protection 

Some improvement 
• Improvement in urban areas  
• Improvement in some small 

communities protected by SPFC 
facilities 

• 46% of population with less 
than 100-year protection 

Highest improvement 
• Substantial improvement in 

urban areas  
• Improvement in small 

communities 
• 6% of population with less 

than 100-year protection 

Improvement varies 
• Improvement in urban areas  
• Improvement in small 

communities and rural-
agricultural areas  

• 5% of population with less 
than 100-year protection 

Economic 
Damages1 

Very high potential for 
damages 
• Economic damages, 

particularly in urban areas, 
are very high 

• $329 million /year in  EAD 

Reduction in rural-agricultural 
area damages 
• Substantial reduction throughout 

rural areas; some reduction in 
urban areas  

• 47% reduction in total EAD 

Reduction in urban and small 
community damages 
• Substantial reduction due to 

focus on protecting urban 
areas and small communities 

• 63% reduction in total EAD 

Reduction in urban and 
rural-agricultural area 
damages  
• Substantial reduction due to 

increased storage and 
conveyance 

• 66% reduction in total EAD 
Note: 
1 Structure and content values used parcel data from the 2010 June ParcelQuest with an October 2010 price index.  Parcel data were updated based on information (including 

depreciation, construction quality, construction class, occupancy type) in reconnaissance-level field surveys collected from summer 2010 to summer 2011. 
Crop data acreages were from the May 2010 DWR GIS land-use datasheet.  Crop damage unit costs were originated from the USACE Comprehensive Study (2002) and were 
adjusted to an October 2010 price index. EAD include, structure and content, crop, and business income loss. 
Key:   
CVFPP = Central Valley Flood Protection Plan 
DWR = California Department of Water Resources 

EAD = expected annual damages 
GIS = Geographic Information System 
SPFC = State Plan of Flood Control 
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Table 7-19.  Comparison of Preliminary Approach Contributions to Central Valley Flood Protection Plan Supporting 
Goals and Completeness 

Goal/Metric Existing System 
(No Project) 

Preliminary Approaches 

Achieve SPFC Design Flow 
Capacity 

Protect High Risk 
Communities 

Enhance Flood System 
Capacity 

Contributions to Supporting Goals 

Improve 
Operations 
and 
Maintenance 

Ongoing and long-term 
O&M requirements remain 
very high 

Initial decrease in O&M costs, but 
remain high long term 
• SPFC reconstruction will initially 

decrease O&M requirements  
• Long-term O&M costs would 

remain high because of potential 
conflicts with natural geomorphic 
process 

Increase in long-term O&M 
requirements 
• Potential cost increase due to 

the construction of 
approximately 120 miles of 
new levees to protect small 
communities 

Decrease in long-term O&M 
requirements 
• Decrease in long-term costs 

due to modifications that 
make the system more 
compatible with natural 
geomorphic processes and 
facilitate vegetation 
management and removal of 
facilities  

Promote 
Ecosystem 
Functions and 
Environmental 
Restoration 

Limited opportunities for 
ecosystem restoration 
• Native habitat may be 

integrated into SPFC 
facility repair projects, 
primarily through 
mitigation 

Limited opportunities for 
ecosystem restoration 
• Limited opportunities to integrate 

ecosystem restoration into in-
place repairs to SPFC facilities 

Limited opportunities for 
ecosystem restoration 
• Limited opportunities to 

integrate restoration into in-
place repairs in urban areas, 
and new facilities protecting 
small communities 

Substantial opportunities for 
ecosystem restoration 
• Floodplain expansion 

improves ecosystem 
functions, fish passage, and 
the quantity, quality, and 
diversity of habitats 

Promote Multi-
Benefit 
Projects 

Limited opportunities for 
multi-benefit project 
• Limited opportunities to 

integrate other benefits 
into repairs to SPFC 
facilities 

Limited opportunities for multi-
benefit project 
• Limited opportunities to integrate 

other benefits into repairs to SPFC 
facilities 

Limited opportunities for 
multi-benefit project 
• Limited opportunities to 

integrate other benefits into 
repairs, improvements, and 
new levees 

Enhanced opportunities for 
multi-benefit project 
• Increased opportunities to 

integrate water quality, 
groundwater recharge, 
recreation, power, and other 
benefits 

Completeness (ability to meet legislative objectives) 

Ability to Meet 
Objectives in 
Flood 
Legislation 

Do not meet 
• Varied level of protection 

throughout the system and 
high potential for public 
safety and economic 
damages  

Partially meets 
• Limited contributions to 

environmental and water supply 
objectives; does not achieve high 
level of urban flood protection 

Partially meets 
• Limited contributions to 

environmental and water 
supply objectives 

Mostly meets 
• Contributes to all objectives, 

but at highest cost and with 
substantial impacts to existing 
land uses (potentially low 
acceptability) 

Key: 
CVFPP = Central Valley Flood Protection Plan 

 
O&M = operations and maintenance 

 
SPFC = State Plan of Flood Control 
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Table 7-20.  Relative Comparison of Preliminary Approach Sustainability 

Metric Existing System  
(No Project) 

Preliminary Approaches 

Achieve SPFC Design Flow 
Capacity 

Protect High Risk 
Communities 

Enhance Flood System 
Capacity 

Sustainability (financial, environmental, and social) 

Social  
• Significant risk to public 

safety and economic 
consequences of flooding  

• Chance for redirected growth 
outside floodplain from where 
currently planned due to 
extensive levee improvements 
in non-urban areas 

• Some land-use impacts due to 
acquisition/easements to 
accommodate SPFC 
reconstruction 

• Some potential to encourage 
new development in floodplains 
within and adjacent to urban 
and small community 
improvements 

• Considerable impacts to 
existing land uses due to 
floodway expansion  

• Some potential to 
encourage new 
development in floodplains 
due to improved level of 
flood protection 

Climate Change 
Adaptability 

• Low system resiliency 
(i.e., ability to adapt to 
climate change) 

• Does not improve flood system 
resiliency  

• Does not improve flood system 
resiliency  

• Improves flood system 
resiliency by enhancing 
storage and conveyance  

Key: 
SPFC = State Plan of Flood Control 
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7.6.6 Costs and Time to Implement 
The estimated costs and time to implement the three preliminary 
approaches are shown in Table 7-21. 

Table 7-21.  Estimated Cost of Approaches 

Preliminary Approach 
Low 
Cost 

($ billion) 

High 
Cost 

($ billion) 
Implementation 

(Years) 

Achieve SPFC Design Flow 
Capacity 19 to 23 30 – 35 

Protect High Risk 
Communities 9 to 11 15 – 20 

Enhance Flood System 
Capacity 32 to 41 35 – 40 

Key: 
SPFC = State Plan of Flood Control 

Cost estimates in the table are for initial costs to implement physical on-
the-ground improvements over 25 years to manage the residual risk for 
each approach. These estimates are based on 2011 dollars and will differ in 
the future.  Since the approaches are not complete alternatives, the cost 
estimates are likely low, but suitable for comparison of the approaches. In 
addition, actual implementation costs would likely be higher than the 
estimates because of inflation and the length of time needed to implement 
the work. The cost estimates allow for planning studies, design, permitting, 
and project mitigation. The estimates also include costs for ecosystem 
mitigation for the first two preliminary approaches. For the Enhance Flood 
System Capacity Approach, the goal is for ecosystem restoration and 
enhancements to provide for overall habitat improvement, thereby 
eliminating the need to mitigate for most ecosystem impacts.  However, 
depending on the timing of improvements and implementation, some 
ecosystem mitigation may be required. 

The estimates of time to implement are based on experience with past flood 
projects, but with assumptions of more efficient execution of planning and 
design, engaged federal and local partners, streamlined permitting, and 
timely funding. In the past, many flood protection projects have remained 
in the feasibility study phase for a decade or more. Large complicated 
projects have often taken several decades to progress from initial concept to 
completion. Maintaining focus to complete projects in a timely manner is 
often difficult, especially given changing commitments from State, federal, 
and local partners over long periods of time. 
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7.6.7 Preliminary Approach Performance 
Considering evaluation information available for the preliminary 
approaches, including information shown in this section, DWR prepared a 
qualitative comparison to show the broad differences in potential 
performance of the approaches. Figure 7-38 shows estimated relative 
performance for each preliminary approach. For example, an open circle 
indicates the lowest performance and a full circle indicates the highest 
performance. 

 
Key: SPFC = State Plan of Flood Control 
Figure 7-38.  Performance Comparison for Preliminary Approaches 

Another view of the relative performance of the three preliminary 
approaches is shown in Figure 7-39. The figure shows estimated 
performance in terms of secondary benefits against performance for the 
primary goal of improving flood risk management. For example, the 
Achieve SPFC Design Flow Capacity Approach and the Protect High Risk 
Communities Approach perform similarly for secondary benefits, but the 
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Protect High Risk Communities Approach performs better for improving 
flood risk management. The figure also plots the size of the approaches 
(circles) relative to their estimated costs. 

 
Key: B = billion SPFC = State Plan of Flood Control 
Figure 7-39.  Relative Cost and Performance of Three Preliminary 
Approaches 

7.7 Summary of Findings 

Based on relative comparisons of the three preliminary approaches, no 
single approach contributes substantially to the five 2012 CVFPP goals.  
However, each approach highlights opportunities to achieve the goals in 
different ways and to different degrees. The Enhance Flood System 
Capacity Approach meets most of the legislative objectives and scores 
highest on sustainability; however, it has a substantially higher capital cost, 
compared to the other approaches. The Protect High Risk Communities 
Approach is the least costly approach, and would result in substantial 
reduction in flood risks to urban areas and small communities. 

Examining the performance of preliminary approaches highlights the need 
to develop a State flood management strategy that combines the strengths 
of each of the three preliminary approaches into a single approach – the 
SSIA.  The three preliminary approaches presented above contributed to 
2012 CVFPP goals to differing degrees.  For example, the Achieve SPFC 
Design Flow Approach would provide protection for rural-agricultural 
areas, with less emphasis on an urban level of flood protection and 
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ecosystem benefits.  The Protect High Risk Communities Approach would 
achieve 200-year urban protection and associated life safety benefits, but 
does not contribute to improving rural-agricultural flood risk management.  
The Enhance Flood System Capacity Approach would provide multiple 
benefits, but at a high cost. Various elements from each of the three 
approaches have been chosen and combined to formulate the SSIA. 

Following are additional observations on performance of the preliminary 
approaches that contributed to formulation of the SSIA. 

Achieve SPFC Design Flow Capacity – Improving the existing flood 
management system to meet current engineering criteria within its existing 
footprint: 

• Is very expensive considering that it primarily addresses the 
Improve Flood Risk Management goal and does little for supporting 
goals, especially for promoting multi-benefit projects 

• Level of flood protection is significantly improved throughout the 
system, but is spatially highly variable 

• Would increase the population receiving at least a 100-year (1% 
annual chance) level of flood protection from about 21 percent to 
about 54 percent compared with existing conditions 

• May initially improve operations and maintenance conditions, but 
long-term benefits are questionable 

• Does little to improve ecosystem functions  

• May increase flood risks (residential development) in rural-
agricultural areas 

• Would create significant increases in downstream flood stages over 
existing conditions by reducing the chance of levee failures 
upstream 

• Would reduce potential flood damages by about 47 percent 
compared to existing conditions 

• Need for residual risk management would be reduced from existing 
conditions 
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Protect High Risk Communities – Improving levees in urban areas and 
small communities: 

• Protects, with the least investment, the majority of the population  

• Does little to address supporting goals of improving operations and 
maintenance and promoting ecosystem functions  

• Would do little to contribute to adaptive flood management 

• Urban areas would achieve 200-year (0.5% annual chance) level of 
flood protection 

• Small communities within the area protected by facilities of the 
SPFC would achieve 100-year (1% annual chance) of flood 
protection 

• Would increase the population receiving at least a 100-year (1% 
annual chance) level of flood protection from about 21 percent to 
about 94 percent compared with existing conditions 

• Level of flood protection for rural-agricultural areas would remain 
unchanged 

• Relatively few increases in downstream flood stages from upstream 
improvements 

• Would reduce potential flood damages by about 63 percent 
compared to existing conditions 

• Would increase the population receiving at least a 100-year (1% 
annual chance) level of flood protection from about 25 percent to 
over 90 percent compared with existing conditions 

• Need for residual risk management would be the highest among the 
preliminary approaches 

Enhance Flood System Capacity – Improving urban, small communities, 
and rural-agricultural levees along with expanded flow capacity: 

• Is by far the most expensive approach 

• Significantly meets all CVFPP Goals 

• Urban areas would likely exceed 200-year (0.5% annual chance) 
level of flood protection 
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• Many small communities would likely exceed 100-year (1% annual 
chance) level of flood protection 

• Most areas, including rural-agricultural areas, would benefit from 
lower flood stages, improved levee conditions, and improved levees 
constructed for bypass expansion 

• Would reduce potential flood damages by about 80 percent 
compared to existing conditions 

• Would increase the population receiving at least a 100-year (1% 
annual chance) level of flood protection from about 21 percent to 
about 95 percent compared with existing conditions 

• Need for residual risk management would be the lowest among the 
preliminary approaches 

• Includes significant ecosystem features and multipurpose projects 

  



 8.0 State Systemwide Investment Approach 

January 2012 8-1 
Public Draft 

8.0 State Systemwide Investment 
Approach 

This section provides an overview of existing and future systemwide 
conditions in the SPFC and Systemwide Planning Areas.  More detailed 
information can be found in the plan-related and reference documents listed 
in Section 2.4. 

The State Systemwide Investment Approach (SSIA) reflects 
the State’s strategy for modernizing the SPFC to address 
current challenges and affordably meet the 2012 CVFPP Goals 
described in Section 5.  The preliminary approaches, described 
in Section 7, suggested a broad range of physical and 
institutional flood damage reduction actions to improve public 
safety and achieve economic, environmental, and social 
sustainability. The SSIA is an assembly of the most promising, 
affordable, and timely elements of the three preliminary 
approaches. 

Physical elements for the SSIA are organized into regional and system 
elements: 

• Urban, small communities, and rural-agricultural  
improvements – These are physical actions or projects to achieve local 
and regional benefits. 

• System improvements – These are projects and modifications to the 
SPFC that provide cross-regional benefits, improving the overall 
function and performance of the SPFC, and are generally large system 
improvements, such as bypass expansions. The State will provide 
leadership in developing and implementing these components. 

The regional and system elements require detailed analyses to refine how 
elements may complement each other and to develop appropriate 
justification for future selection of on-the-ground projects. The SSIA 
reflects a broad vision for SPFC modernization; therefore, element 
refinements, additions, and deletions can be expected as a result of future 
feasibility studies. 

The State Systemwide 
Investment Approach 
provides guidance for 
future State participation 
and programs for 
integrated flood 
management in the 
Central Valley. 
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Section 7 introduced elements of the SSIA. The following sections provide 
a more detailed description of the SSIA, its estimated cost, residual risk 
management needs, and a preliminary presentation of expected 
performance. 

8.1 Major Physical Improvements in Sacramento 
and San Joaquin River Basins 

Existing SPFC facilities in the Sacramento River Basin are much more 
extensive and protect larger populations and assets than SPFC facilities in 
the San Joaquin River Basin. In addition, peak floodflows from the 
Sacramento River Basin can be about 10 times higher than those from the 
San Joaquin River Basin. Therefore, physical improvements included in the 
SSIA are more extensive within the Sacramento River Basin than within 
the San Joaquin River Basin. 

Table 8-1 shows important characteristics of the Sacramento and San 
Joaquin river basins. 

Table 8-1.  Key Characteristics of Sacramento and San Joaquin River 
Basins 

Characteristics Sacramento 
River Basin  

San Joaquin 
River Basin  

Land Area Within 500-Year (0.2 percent 
annual chance) Floodplain (acres) 1,217,883 697,465 

Population at risk1 (people) 762,000 312,000 
Replacement value of assets at risk ($ millions) 53,000 16,000 

Total SPFC Levees (miles) 1,054 448 
SPFC Levees with identified threat factors2 
(miles) 852 354 

Total Potential 2-Year (50 percent annual 
chance) Floodplains (acres) 235,000 85,000 

Currently connected to river (acres) 93,000 26,000 

Currently connected and in native/natural  
habitat (acres) 50,000 19,000 

Total Reservoir Capacity3 Tributary to Area 
(thousand acre-feet) 10,477 7,100 

Reserved Flood Storage Space  3,066 1,881 
Notes: 
1   Estimated population (from 2000 U.S. Census data) within 500-year floodplain. 
2   Source:  Flood Control System Status Report (DWR, 2011). Includes Urban Levee Evaluations 

Project categories “Marginal” and “Does Not Meet Criteria,” and Non-Urban Levee Evaluations 
Project categories B and C. 

3   Only includes reservoirs with dedicated flood storage space. 
Key: 
SPFC = State Plan of Flood Control 



 8.0 State Systemwide Investment Approach 

January 2012 8-3 
Public Draft 

Major physical (capital improvement) elements included in the SSIA are 
shown in Table 8-2 and in the schematics on Figures 8-1 and 8-2 for the 
Sacramento and San Joaquin river basins. The following sections provide 
more description of urban, small community, rural-agricultural, and system 
improvements. 

Table 8-2.  Major Physical and Operational Elements of Preliminary 
Approaches and State Systemwide Investment Approach 
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Element 
Project Location or 

Required Components 
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Bypasses  
   

  

New Bypass 
Construction and 
Existing Bypass 
Expansion 
 
 
 

• Feather River Bypass 
• Sutter Bypass expansion 
• Yolo Bypass expansion 
• Sacramento Bypass expansion 
• Lower San Joaquin River Bypass  

(Paradise Cut) 
Components potentially include land acquisition, 
conservation easements, levee improvements, 
new levee construction 

  
YES  YES 

Reservoir Storage and Operations 
   

  
Forecast-Coordinated 
Operations/ 
Forecast- Based 
Operations 

Fifteen reservoirs within Sacramento River Basin 
and San Joaquin River Basin YES YES YES  YES 

Reservoir 
Storage/Enlarge Flood 
Pool1 
 

• Oroville 
• New Bullards Bar 
• New Don Pedro 
• New Exchequer 
• Friant 

  
YES   

Easements • Sacramento River Basin – 200,000 acre-feet 
• San Joaquin River Basin – 100,000 acre-feet   

YES   

Flood Structure Improvements 
   

  

Major Structures 
 
 
 
 
 

• Intake structure for new Feather River Bypass 
• Butte Basin small weir structures 
• Upgrade and modification of Colusa and 

Tisdale weirs 
• Sacramento Weir widening and automation 
• Gate structures and/ or weir at Paradise Cut 
• Upgrade of structures in Upper San Joaquin 

bypasses 
• Low level reservoir outlets at New Bullards  

Bar Dam 
• Fremont Weir widening and improvement 
• Other pumping plants and small weirs 

  
YES  YES 

System Erosion and 
Bypass Sediment 
Removal Project 

• Cache Creek Settling Basin sediment 
management 

• Sacramento system sediment remediation 
downstream from weirs 

  
YES 

 
YES 
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Table 8-2.  Major Physical and Operational Elements of Preliminary Approaches and 
State Systemwide Investment Approach (cont.) 

Flood Management 
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Project Location or 
Required Components 
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Urban Improvements      

Target 200-Year Level of 
Protection 

Selected projects developed by local agencies, 
State, federal partners  

YES YES  YES 

Target SPFC Design 
Capacity Urban Levee Evaluations Project results YES2 

  
  

Non-SPFC Urban Levee 
Improvements 

Includes approximately 120 miles of non-SPFC 
levees that are closely associated with SPFC 
urban levees. Performance of these non-SPFC 
levees may affect the performance of SPFC 
levees. 

YES YES YES 

 
YES 

Small Community Improvements 
   

  
Target 100-Year Level of 
Protection Small communities protected by the SPFC 

 
YES3  YES3  YES4 

 Target Design Capacity Non-Urban Levee Evaluations Project results YES2 
 

YES2   

Rural-Agricultural Improvements 
   

  
Site-Specific Rural-
Agricultural Improvements 

Based on levee inspections and other 
identified critical levee integrity needs     YES 

Target Design Capacity Non-Urban Levee Evaluations Project results YES2 
 

YES2   

Ecosystem Restoration 
   

  

Fish Passage 
Improvements 
 
 

• Sutter Bypass and fish passage east of 
Butte Basin 

• Fremont Weir fish passage improvements 
• Yolo Bypass/Willow Slough Weir fish 

passage improvements 
• Yuba River fish passage and fish screen 
• Deer Creek 

  
YES 

 

YES 

Ecosystem Restoration 
and Enhancement 

For areas within new or expanded bypasses, 
contributing to or incorporated with flood risk 
reduction projects   

YES 
 

YES 

River Meandering and 
Other Ecosystem 
Restoration Activities 

At  selected levee setback locations in 
Sacramento and San Joaquin river basins    

YES 
 YES 

(at select 
locations) 

Notes: 
1  All preliminary approaches and State Systemwide Investment Approach include Folsom Dam Raise, as Congress authorized. 
2  Actual level of protection varies by location. 
3  Includes all small communities within the SPFC. 
4  Includes selected small communities within the SPFC. 
Key: 
SPFC = State Plan of Flood Control 
State = State of California 
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Key: SPFC = State Plan of Flood Control 

Figure 8-1.  State Systemwide Investment Approach – Sacramento 
River Basin Major Capital Improvements 
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Key: SPFC = State Plan of Flood Control 

Figure 8-2.  State Systemwide Investment Approach – San Joaquin River Basin Major 
Capital Improvements 
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8.2 Urban Flood Improvements 

Consistent with legislation passed in 2007, the SSIA proposes 
improvements to urban (populations greater than 10,000) levees to achieve 
protection from the 200-year (0.5 percent annual chance) flood, at a 
minimum. With some exceptions, existing SPFC levees in urban areas are 
often located immediately adjacent to houses and business, leaving few 

opportunities for setting levees back or 
making improvements that enlarge 
levee footprints. Therefore, 
reconstruction of existing urban levees 
is generally the method for increasing 
flood protection. The State is already 
supporting many SPFC urban levee 
improvement projects through its Early 
Implementation Program grants 
program and other FloodSAFE efforts, 
including some setback 
levees. 

Improvements to urban 
levees or floodwalls 
should follow DWR’s 
Urban Levee Design 
Criteria (anticipated 
2012), at a minimum.  

The State strongly supports consideration of features that 
offer greater system resilience, such as levees that can 
withstand overtopping without catastrophic breaching. 
Another example is to build compartmentalized floodplains 
(the use of secondary levees, berms, or elevated roadways 
within protected areas to reduce the geographic extent of 
flooding when a failure occurs). 

Levee projects in urban areas should consider setbacks, to 
the extent feasible, based on the level of existing 
development and the potential benefits. These projects 
should also preserve and/or restore, at minimum, shaded 
riparian habitat corridors along the waterside toe of levees.  
Other improvements will consider incorporating ecosystem 
preservation, restoration, and enhancements in project 
designs. Urban improvements should also be implemented 
and maintained consistent with the State’s vegetation 
management approach (see CVFPP Section 4.2 and 
Attachment 2 – Conservation Framework). 

Central Valley Flood 
Protection Plan of 2008 
California Water Code Section 
9614. “The Plan shall include… 
(i) A description of both 
structural and nonstructural 
methods for providing an urban 
level of flood protection to 
current urban areas where an 
urban area means the same as 
set forth in subdivision (k) of 
Section 5096.805 of the Public 
Resources Code.  The 
description shall also include a 
list of recommended next steps 
to improve urban flood 
protection.” 

Levee Resiliency 
Reducing the risk of catastrophic 
system failure is an important 
aspect of flood risk reduction.  
Levee breaches increase flood 
losses and recovery costs, and 
lengthen the time needed to 
rebuild.  USACE estimates that at 
least half of the direct losses from 
Hurricane Katrina may have been 
averted, had catastrophic 
breaching not occurred (Building 
a Stronger Corps: A Snapshot of 
How the Corps is Applying 
Lessons Learned from Katrina 
(USACE, 2009)). 

Designing facilities to withstand 
overtopping and incorporating 
resiliency into overall system 
design not only help to reduce 
flood losses, but also provide 
flexibility to accommodate 
changing climate conditions, 
floodplain uses, and technical 
standards. 
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Levee Improvements in Natomas 

In addition to urban area levees, other system and regional elements 
included in the 2012 CVFPP, such as reservoir operational changes and 
new or expanded bypasses, have the potential to contribute to achieving an 
urban level of flood protection.  These elements could potentially reduce 
the need for urban area levee improvements, and/or provide additional 
system flexibility and resiliency in accommodating hydrologic uncertainty, 
including climate change. 

The 2012 CVFPP does not include improvements that may be needed to 
address interior drainage or other local sources of flooding. The State could 
pursue improvements to non-SPFC levees (see Section 8.6) that protect 

some urban areas even though the State 
has no responsibility over these levees at 
this time.  The decision to add these levees 
to the SPFC would require Board action. 
Alternatively, the State may choose to 
participate in funding levee reconstruction 
or improvements, if found to be feasible. 

DWR will evaluate and participate in 
projects (in-place and with setbacks, if 
appropriate) that contribute to achieving 
an urban level of flood protection through 
reconstructing, rehabilitating, or 
improving SPFC facilities for the 
following urban areas in the Central 
Valley: 

• City of Chico – Improvements include reconstruction of existing SPFC 
urban levees bordering the City of Chico to provide protection from 
flooding along local tributaries. 

• Yuba City and City of Marysville – Improvements for this 
metropolitan area and adjacent urbanizing corridor (along Highway 99 
north of Yuba City, and along Highway 70 within and south of 
Marysville) include the following: 

- Continue work to reconstruct and/or improve SPFC levees to urban 
design criteria along the Feather and Yuba rivers immediately 
adjacent to Marysville, consistent with ongoing local efforts.  The 
State is supporting ongoing work to achieve an urban level of flood 
protection for the City of Marysville as part of the Yuba Basin 
Project. This project encompasses four phases of levee 
improvements and other actions, with an ultimate goal of protecting 
Marysville from a 250-year (0.4 percent annual chance) flood event. 



 8.0 State Systemwide Investment Approach 

January 2012 8-9 
Public Draft 

- Continue to work with Sutter Butte Flood Control Agency to 
develop and implement projects to achieve an urban level of flood 
protection for Yuba City and adjacent urbanizing areas. This 
includes reconstructing and/or improving SPFC levees to urban 
design criteria along the right bank of the Feather River, adjacent to 
and upstream from Yuba City, as part of the Feather River West 
Levee Project. 

• Sacramento Metropolitan Area – Improvements for this area include 
the following: 

- Reconstruct and/or improve SPFC levees protecting urban areas 
along the Sacramento and American rivers to urban design criteria, 
as needed, to complete ongoing urban flood protection 
improvements within Sacramento County (includes the Laguna 
portion of Elk Grove).  The State has supported the Sacramento 
Area Flood Control Agency’s urban flood protection projects 
through cost sharing and grant funding under the FloodSAFE Early 
Implementation Program.  Completed work that supports the SSIA 
includes levee improvements along the American River under the 
American River Watershed Common Features Project, and 
elements of the South Sacramento County Streams Project. 
Ongoing work includes levee improvements under the Natomas 
Levee Improvement Program and construction of an auxiliary 
spillway at Folsom Dam as part of the Folsom Dam Joint Federal 
Project. 

- Reconstruct and/or improve SPFC levees to complete ongoing 
urban protection improvements for the City of West Sacramento.  
The State has supported urban levee improvements by the West 
Sacramento Area Flood Control Agency through the FloodSAFE 
Early Implementation Program grants program. Locally planned 
work, for potential State participation, includes levee reconstruction 
and raising, cutoff walls, setback levees, and erosion protection 
features. 

- Evaluate the potential benefits of widening, automation, and 
operational changes to the Sacramento Weir and Bypass for the 
purpose of reducing peak flood stage along the Sacramento and 
American rivers, in combination with expansion of the Yolo Bypass 
(described later under System Improvements).  Weir automation 
and other improvements have the potential to improve operational 
safety and flexibility. 
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• Cities of Woodland and Davis – Continued participation in the Lower 
Cache Creek, Yolo County Woodland Area Feasibility Study, which 
considers modifications to the Cache Creek Settling Basin and other 
facilities to determine their feasibility and contribution toward 
achieving urban and rural-agricultural flood improvement in the area. 
Also evaluate the Cache Creek Settling Basin to identify a long-term 
program for managing sediment and mercury to maintain the flood 
conveyance capacity of the Yolo Bypass. 

• City of Merced – Continued support of the Merced County Streams 
Project, which is contributing to improving flood protection for the City 
of Merced. 

• Stockton Metropolitan Area – Improvements for this area include the 
following: 

- Improve SPFC levees along the San Joaquin River and tributary 
channels. 

- Evaluate the potential benefits of and State interest in local 
floodgates and control structures, as they relate to facilities of the 
SPFC in and around Stockton, and contribute to achieving an urban 
level of flood protection. 

• Other Areas – For urban areas also protected by non-SPFC levees, the 
State may evaluate its interest in participating in levee improvements 
under other State programs. 

8.3 Small Community Flood Protection 

Many small communities in the SPFC Planning Area are expected to 
receive increased flood protection through implementation of system 
elements and improvements focused on adjacent urban areas, although 
some of these improvements may take many years to implement.  The State 
will evaluate investments to preserve small community development 
opportunities without providing urban level of protection. Additional State 
investments in small community protection will be prioritized based on 
relative community flood threat levels, considering factors such as 
population, likelihood of flooding, proximity to flooding source, and depth 
of flooding.  Other factors considered in prioritizing small community 
flood improvements include financial feasibility and achievement of the 
2012 CVFPP Goals with respect to integrating multiple benefits. 
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In general, the State will consider the following structural and nonstructural 
options for protecting small communities in the SPFC Planning Area from 
a 100-year (1 percent annual chance) flood: 

• Protecting small communities “in-place” using ring levees, training 
levees, or floodwalls when improvements do not exceed a certain 
predetermined cost threshold. For planning purposes for the SSIA, 
DWR used a preliminary cost threshold of $100,000 per house 
protected, an approximate value for elevating or flood proofing a house. 
When estimated costs exceed the threshold, nonstructural means for 
flood protection will be considered.  DWR will further evaluate this 
threshold during future studies. 

• Reconstructing or making improvements to adjacent SPFC levees. 

• Implementing nonstructural improvements, such as raising/elevating 
structures, flood proofing, willing seller purchases, and/or relocating 
structures, when the in-place improvements described above are not 
feasible. 

In some cases, small communities may achieve flood protection as part of 
adjacent urban area improvements. 

As detailed in Table 8-3, 15 of the 27 small communities in the SPFC 
Planning Area would receive 100-year (1 percent annual chance) flood 
protection from about 80 miles of levee improvements or new levee 
construction based on planning level estimates. A new levee is one 
constructed from the ground up, not a levee that has been repaired in place. 
Another five small communities would receive 100-year (1 percent annual 
chance) flood protection, at minimum, through implementation of urban 
and system improvements included in the SSIA. Seven small communities 
would receive flood protection through floodplain management actions 
such as flood proofing or raising structures. 

Small communities’ improvements should also be implemented and 
maintained consistent with the State’s vegetation management approach 
(CVFPP Attachment 2 – Conservation Framework). Other improvements 
will consider incorporating ecosystem preservation, restoration, and 
enhancements in project designs. 
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Table 8-3. Small Communities Improvements in the State Systemwide 
Investment Approach 

Community in 
SPFC Planning 

Area 

Levee 
Improvements or 

Construction 

Urban and 
System 

Improvements 

Floodplain 
Management 

Actions 

Knights Landing √   

Grayson √   

Isleton   √ 

Walnut Grove   √ 

Meridian √   

Courtland   √ 

Robbins   √ 

Hood   √ 

Firebaugh √   
Colusa √   
Durham √   
Rio Vista √   
Wheatland √   
Gerber-Las Flores √   
Glenn √   
Clarksburg √   

Verona   √ 

Grimes √   

Princeton   √ 

Butte City √   

Dos Palos √   

Biggs  √  

Upper Lake   √ 

Gridley  √  

Live Oak  √  

Sutter  √  

Tierra Buena  √  
Key:  SPFC = State Plan of Flood Control 



 8.0 State Systemwide Investment Approach 

January 2012 8-13 
Public Draft 

8.4 Rural-Agricultural Area Flood Protection 

The rural-agricultural area levee improvements included in the SSIA are 
not as extensive as for urban areas and small communities, reflecting the 
lower levels of development within these floodplains. 

 State Plan of Flood Control Levees 8.4.1
The State recognizes that federal engineering guidance and design 
standards may result in cost-prohibitive levee repairs for many rural-
agricultural areas. The State will work with rural-agricultural communities 
to develop applicable repair standards for SPFC levees. The State will also 
evaluate investments to preserve rural-agricultural activities that discourage 
incompatible development, and encourage compatible development, within 
floodplains. 

The State’s participation in rural-agricultural SPFC facility reconstruction 
projects may also require inclusion of nonstructural measures to manage 
risks in adjacent floodplains, such as purchasing agricultural conservation 
easements from willing landowners, where consistent with local land use 
plans. In addition to improving flood management, project designs will 
consider restoring shaded riparian aquatic habitat, wetlands, or other 
habitat. This includes protection and enhancement of existing healthy 
ecological communities, in addition to the enhancement/restoration of 
degraded ecosystem services and functions.  Flood risk reduction projects 
in rural-agricultural areas that can achieve multiple resource benefits will 
be preferable to single purpose projects, and are likely to be encouraged 
through enhanced State and federal cost-sharing. 

In general, the State will consider the following rural-agricultural flood 
protection options, with a focus on integrated projects that achieve multiple 
benefits: 

• SPFC levee improvements in rural-agricultural areas will focus on 
maintaining levee crown elevations and providing all-weather access 
roads to facilitate inspection and floodfighting.  

• Levee improvements, including setbacks, may be used to resolve 
known performance problems (such as erosion, boils, slumps/slides, 
and cracks). Projects will be evaluated that reconstruct rural SPFC 
levees to address identified threat factors, particularly in combination 
with small community protection, where economically feasible.   
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• Agricultural conservation easements that preserve agriculture and 
prevent urban development in current agricultural areas may be 
purchased, when consistent with local land use plans and in cooperation 
with willing landowners. 

The State, in consultation with local entities, will prioritize available 
funding among all-weather roads and other important investments, 
addressing the greatest need first. 

 Hydraulic Structure Upgrades 8.4.2
In addition to hydraulic structures mentioned as part of urban and system 
improvements, existing hydraulic structures in the upper San Joaquin River 
Basin need to be upgraded because of facility age or operational problems. 
In some cases, gates do not operate properly, new automation is needed, or 
the structures are otherwise deteriorated. 

 Local Non-State Plan of Flood Control Levees 8.4.3
During future feasibility studies, the State will evaluate projects to maintain 
the function of local levees (not part of the SPFC) if they contribute to the 
effective operations and maintenance of the SPFC.  The State may be able 
to participate through existing programs on feasible projects. 

 Removal of State Plan of Flood Control Facilities 8.4.4
The State will evaluate potentially removing (physically or 
administratively) facilities of the SPFC in rural areas, including rock 
revetment, levees, and other facilities, consistent with criteria presented in 
CVFPP Section 4.  Removing small portions of the SPFC that are no longer 
functioning would reduce the State’s responsibility and costs for operations 
and maintenance. Facilities that may be evaluated for potential removal 
from the SPFC include the following: 

• A two-mile long segment of the Feather River right-bank levee, 
upstream from the Thermalito Afterbay, which was replaced by an 
embankment constructed to create Thermalito Afterbay (on its 
southeast side). 

• Approximately seven miles of levee included in the Lower San Joaquin 
River and Tributaries Project, which is currently being physically 
breached and removed. This effort is part of a nonstructural project 
modification, under the authority of Public Law 84-99, following 
damage during the 1997 floods. 
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• Intermittent SPFC levees along reaches of the San Joaquin River and in 
the vicinity of the Mariposa Bypass and Deep Slough. If pursued, 
removal projects should consider integration of wetland, riparian, and 
floodplain habitat restoration. 

• Some existing, intermittent bank protection sites along the Sacramento 
River between Red Bluff and Chico Landing, now unconnected with 
the active river channel and believed to no longer provide a flood 
management function by erosion control. 

• Levees and pumping plants from the Middle Creek Project at the west 
end of Clear Lake, for which removal is currently underway. Facilities 
removal was authorized by Congress in the Water Resources 
Development Act of 2007. 

8.5 System Improvements 

System elements include physical actions or improvements with the 
potential to provide benefits across large portions of the flood management 
system, and improve the overall function and performance of the SPFC in 
managing large floods.  These actions enhance the system’s overall ability 
to convey and attenuate flood peaks through expansion of bypass capacity 
and storage features. System improvements 
provide flood protection benefits to urban, 
small community, and rural-agricultural 
areas by lowering flood stages. 

These actions also present significant 
opportunities to improve ecosystem 
functions and continuity on a systemwide 
level.  System improvements should also 
be implemented and maintained consistent 
with the State’s vegetation management 
approach (see Section 4.2 of the CVFPP 
and Attachment 2: Conservation 
Framework). 

The following sections describe system 
elements included in the SSIA.  

 Weir and Bypass System Expansion 8.5.1
The Sutter and Yolo bypasses, in combination with their appurtenant 
control features – the Moulton, Colusa, Tisdale, Fremont, and Sacramento 
weirs/bypasses – function as the central backbone of the Sacramento River 
Flood Control Project.  This weir and bypass system redirects damaging 

 
Floodflow over the Moulton Weir 
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floodflows away from the main channels of the Sacramento, Feather, and 
American rivers, conveying up to 490,000 cubic feet per second during 
large flood events.  The considerable capacity of the bypass system also 
slows the movement of floods, effectively attenuating flood peaks and 
metering flows into the Delta. For initial planning purposes, technical 
evaluations are based on construction of all bypass expansions and 
extensions described below.  

Bypass expansions would increase the overall capacity of the flood system 
to convey large flood events.  Peak flood stages would be reduced along 
the Sacramento River and, to a lesser extent, along its tributaries.  The 
lower stages throughout the system benefit flood management in urban, 
small community, and rural-agricultural areas.  Floods from storms 
centered within different watersheds of the Sacramento River Basin have 
different characteristics, and bypass system expansion would contribute to 
greater system flexibility in managing these different flood events. 

Improvements would be designed and operated in consideration of 
ecosystem restoration features and benefits, including conservation and 
restoration of aquatic and floodplain habitats and continued compatible 
agricultural land uses within the bypass. Improvements may include 
contouring and channelizing to facilitate proper draining and to lessen the 
possibility of entraining fish. Contouring may also increase the frequency 
of floodplain activation in places to promote wetland and riparian habitat 
success. When consistent with local land use plans, and in cooperation with 
willing landowners, the State will consider purchasing agricultural 
conservation easements adjacent to the Sutter and Yolo bypasses to 
preserve agriculture and prevent urban land uses. 

Sutter Bypass Expansion 
Future studies to refine specific project elements related to bypass 
expansion should consider increasing the capacity of the Sutter Bypass to 
convey large flood events. Expansion would likely require building a new 
levee for about 15 miles along one side of the bypass to widen the bypass 
for increased flow capacity. Although the required width of the bypass has 
not been determined, DWR used a 1,000-foot increase in the bypass width 
for planning purposes. The evaluations for planning purposes were initially 
based on 75 percent of the new width allocated to agricultural use and 25 
percent allocated to habitat restoration. 

Modifications to the Colusa and Tisdale weirs and the Butte Basin 
overflow areas from the Sacramento River will be considered as part of the 
expansion. The expansion may require rebuilding some SPFC facilities, 
such as weirs and pumping stations. 
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Yolo Bypass Expansion 
Future studies to refine specific project elements related to bypass 
expansion should consider the following: 

• Lengthening and/or lowering the Fremont Weir and incorporating 
features to facilitate fish passage through the upper bypass and at the 
weir. 

• Increasing capacity in the upper portion of the Yolo Bypass (upstream 
from the Sacramento Bypass) by setting back levees and/or purchasing 
easements. 

• As described under Urban Flood Protection above, evaluate the Cache 
Creek Settling Basin to identify a long-term program for managing 
sediment and mercury to sustain the flood conveyance capacity of the 
Yolo Bypass. 

• Expanding the lower end of the Yolo Bypass upstream from Rio Vista 
by setting back levees. 

About 42 miles of new levee could potentially be required to expand the 
Yolo Bypass. 

Sacramento Bypass Expansion 
As part of urban elements to reduce flood risks to the Sacramento/West 
Sacramento metropolitan area, future studies to refine specific project 
elements related to bypass expansion (also mentioned under Urban Flood 
Improvements) will consider the following: 

• Widening the Sacramento Weir 

• Automating the weir or eliminating gates 

• Widening the Sacramento Bypass by constructing about two miles of 
new levee 

• Making operational changes to the Sacramento Weir and Bypass, as 
necessary 

 New Bypasses 8.5.2
Two new bypasses are included in the SSIA. While they primarily provide 
benefits to the urban areas of Yuba City/Marysville and Stockton, they are 
described here with other system improvements because of their 
complexity and long lead time for construction. 
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Feather River Bypass 
Evaluate the feasibility of constructing a new bypass from the Feather 
River to the Butte Basin to further contribute to improving overall urban, 
small community, and rural-agricultural flood protection in the planning 
area.  The new bypass would require construction of about 16 miles of new 
levee on one side of the Cherokee Canal. A new bypass would have the 
potential to reduce flood stages by as much as one foot at Yuba City and 
Marysville during a 100-year (1 percent annual chance) flood.  A new 
bypass would also provide greater system resiliency in accommodating 
future hydrologic changes in the planning area, including those due to 
climate change, and would be a relief path when Feather River flows are 
greater than 200-year (0.5 percent annual chance). The State will consider 
findings of ongoing studies by local entities when evaluating the potential 
system benefits of the bypass. 

Lower San Joaquin Bypass 
Evaluate the construction of a new bypass in the south Delta (expansion of 
Paradise Cut and/or other south Delta waterways), primarily for the 
purpose of reducing peak flood stages in the Stockton area. A south Delta 
bypass will include habitat components. A gate structure or weir at 
Paradise Cut will be considered as part of the project. The new bypass 
would require construction of about eight miles of new levee. In 
combination with the bypass, the State will consider purchasing easements 
in the south Delta from willing sellers to provide floodwater storage and 
reduce peak flood stages along the San Joaquin River. 

 Flood System Structures 8.5.3
Several flood system structures will require rehabilitation, rebuilding, or 
modifications. These structures are primarily associated with the bypass 
expansions and new bypasses described above. Structures include the 
following: 

• Intake structure for the new Feather River Bypass 

• Butte Basin small weir structures 

• Upgrade and modification of Colusa and Tisdale weirs  

• Modifications to bridges to reduce or eliminate flow constrictions  

• Sacramento Weir widening and either automation or elimination of 
gates 

• Gate structures and/or weir for new Lower San Joaquin Bypass. 
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• Low-level reservoir outlet at New Bullards Bar Dam to facilitate 
changes in reservoir operations 

• Other pumping plants and small weirs, such as those associated with 
the Sutter Bypass 

In addition, opportunities to expand fish passage at SPFC structures will be 
considered. 

 Flood Storage 8.5.4
Preliminary systemwide analyses have identified potential benefits and 
opportunities for reservoir flood storage and operational changes for flood 
management in the Sacramento River and San Joaquin river basins. 

Flood storage may reduce the need for some types of downstream actions, 
such as levee improvements, and can offset the hydraulic effects of system 
improvements on downstream reaches. Additional flood storage can also 
provide greater flexibility in accommodating future hydrologic changes, 
including climate change, and provide greater system resiliency (similar to 
that provided by freeboard on levees) in the face of changing downstream 
conditions. 

New Reservoir Storage 
The only new surface water storage included in the SSIA is the Folsom 
Dam Raise, which is already authorized. During future feasibility studies, 
the State may consider partnering with other willing agencies on expanding 
existing reservoir storage. 

Transitory Storage 
The SSIA has not identified specific floodplain transitory storage, but may 
consider such storage on a willing-seller basis where consistent with local 
land use plans, all affected land owners support such storage, and the new 
flood storage area can be safely isolated from adjacent areas (easements or 
fee title). 

 Conjunctive Use and Groundwater Recharge 8.5.5
Capturing and using floodflows for groundwater recharge has been 
considered as a component of integrated flood and water management for 
the SSIA.  Conjunctive water management through use of floodwater for 
recharge has been practiced for many years, especially in the San Joaquin 
Valley. The State supports programs that use flood flows for groundwater 
recharge to improve water management throughout California. However, 
the State also recognizes the limitations of direct groundwater recharge in 
lowering flood stage and reducing flood risks, especially in the Sacramento 
River Basin. These limitations are due to inadequate groundwater storage 
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capacity, except in the American River Basin, and low recharge rates in 
comparison with large floodflows. More substantial recharge capacities 
cannot be achieved without significant investments in off-stream recharge 
facilities or regional infrastructure to facilitate in-lieu recharge, such as 
those North of the American River in the Sacramento metropolitan area.  
Consistently, these facilities are developed by local agencies with 
emphases on water supply purposes. Considering these limitations, the 
SSIA provides opportunities for in-channel groundwater recharge and, 
although not recommending any specific recharge projects at this time, 
encourages exploring recharge opportunities in the San Joaquin River 
Basin, especially for capturing a portion of high flows from snowmelt, 
where feasible. 

 Operational Changes 8.5.6
Operational changes to SPFC facilities can benefit both flood risk reduction 
and the ecosystem. Initial concepts for operational changes are described 
below for existing reservoirs and the bypasses. 

Coordinated Reservoir Operations 
Most major reservoirs in the Central Valley have been designed and built to 
meet multiple purposes, including water supply, recreation, and flood 
control.  These multipurpose reservoirs have defined water conservation 
space for capturing winter and spring runoff for water supply purposes, and 
designated flood control space to capture, manage floodflows to reduce 
flood releases downstream. 

The Forecast-Coordinated Operations (F-CO) Program seeks to coordinate 
flood releases from the reservoirs located in various tributaries of a major 
river to optimize the use of downstream channel capacity, the use of total 
available flood storage space in the system, and eventually to reduce 
overall peak floodflows downstream from these reservoirs. The 
management process and partnerships, formed during early development of 
the F-CO Program, contribute significantly to enhanced coordination of 
reservoir operations during flood events. 

Implementing Forecast-Based Operations (F-BO) of Central Valley 
reservoirs is the next logical step in advancing the F-CO Program. The 
intended F-BO would involve the use of improved long-term runoff 
forecasting and operating within the parameters of an existing flood control 
diagram. Proactive reservoir management through the use of a more 
flexible flood control diagram would require extensive studies of the most 
feasible diagram, environmental documentation for changing reservoir 
operations, and Congressional approval for a new dynamic flood control 
diagrams. The SSIA includes implementation of both F-CO and F-BO for 
all reservoirs in the Central Valley. 
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Water Flowing from Sacramento River to Yolo Bypass 
Through Sacramento Weir and Bypass 

As part of early FloodSAFE implementation, operators at Lake Oroville 
and New Bullards Bar Reservoir have begun coordinating flood operations 
to better manage downstream flows on the Yuba and Feather rivers.  The 
coordinated operation of New Bullards Bar Reservoir with Lake Oroville 
will require construction of an outlet to accommodate early releases of 
floodflows from New Bullards Bar Dam; preliminary evaluations indicate 
that a new outlet with a capacity of about 20,000 cubic feet per second 
should be considered. 

In addition, DWR will consider willing partnerships with other reservoir 
operators to accomplish F-BO and overall F-CO program objectives. 

Weir and Bypass Operational Changes 
The State proposes to investigate modifying the function and operation of 
weirs that spill floodwater to the bypasses in the Sacramento River Basin. 
The concept is to physically lower crests of overflow weirs and modify 
operations so that 
bypasses carry 
flows earlier and 
for longer 
durations during 
high river stages. 
These changes 
would reduce 
river stages and 
flood risks along 
main rivers. 
Depending on 
timing, duration, 
and a host of 
related hydraulic 
factors, the more frequently activated floodplain in the bypasses would 
potentially provide a more productive rearing habitat for juvenile salmonids 
and other native fish and may provide riparian habitat.  

One potential change in operations is for the Sacramento Weir, which is 
currently opened when the Sacramento River water surface elevation 
reaches 27.5 feet at the I Street Bridge. Evaluation may show that opening 
the weir when the river stage reaches 25 feet provides improvements in 
both flood management and ecosystem function. Similarly, the crest of the 
Fremont Weir may be lowered or other modifications made to provide flow 
to the Yolo Bypass below its current spill stage. Other structures that would 
be subject to assessment and potential operational modifications include 
Moulton, Colusa, Tisdale, and Paradise Cut weirs. 
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Evaluations would also need to consider the extent of potential impacts 
from more frequent and longer durations of flooding in the bypasses. For 
example, some levees along the bypasses may not be as durable as levees 
along the main rivers – levee reliability could be lowered by longer 
duration wetting. Longer duration flooding of the bypasses would increase 
the duration of levee patrols. Also, extending the duration of bypass 
flooding could interfere with ongoing agricultural practices. 

 Features to Mitigate Potential Flood Stage 8.5.7
Increases 

Since future feasibility studies are needed to refine the SSIA, the ultimate 
configuration of facilities will likely vary from those presented in the SSIA. 
Only at that time will the State know the potential magnitude and extent of 
hydraulic impacts from planned improvements, if any, within the system. 
Cost estimates for the SSIA include an allowance for features to mitigate 
significant hydraulic impacts caused by project implementation. 

A number of mitigation features may be used, depending on the hydraulic 
impacts throughout the system and downstream from SPFC facilities. 
Mitigation features may include the following: 

• Levee enhancements for affected areas 

• New surface storage partnerships with willing reservoir operators 

• New transitory storage  

• Modification of project designs to limit stage increases 

• Other features that appear promising during feasibility studies 

8.6 Non-State Plan of Flood Control Levees 

Approximately 420 miles of private non-SPFC levees are closely 
associated with SPFC levees. These non-SPFC levees; (1) abut SPFC 
levees, (2) have performance that may affect performance of SPFC levees, 
or (3) provide flood risk reduction benefits to areas also being protected by 
SPFC features. 
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 Non-State Plan of Flood Control Urban Levees  8.6.1
A total of about 120 miles of non-SPFC urban levees work in conjunction 
with SPFC levees to provide protection to urban areas within the SPFC 
planning area. Table 8-4 shows the distribution of non-SPFC levees for the 
various urban areas. Figure 8-3 shows the locations of these non-SPFC 
urban levees.  

To achieve 200-year (0.5 percent annual chance) flood protection, 
improvements to both SPFC and non-SPFC levees will be needed. DWR 
has estimated that improving these non-SPFC urban levees to achieve this 
level of protection would cost approximately $1.2 billion in 2011 dollars. 
This cost is included in the SSIA costs. 

The State recognizes that for an urban area protected jointly by both SPFC 
and non-SPFC levees, the legislated requirement for an urban level of flood 
protection (200-year or 0.5 percent annual chance flood) requires 
improvement to both types of facilities.  The Board may choose to treat 
some or all these non-SPFC levees in a similar manner to SPFC urban 
levees for State participation in levee improvements, and potentially add 
them to the SPFC. Alternatively, if the Board chooses not to add these 
levees to the SPFC, the State will consider participation in improvements to 
these levees under other State programs. 

Table 8-4. Non-State Plan of Flood Control Urban Levees 

Urban Area Non-SPFC Levees 
(miles) 

Chico 0 
Yuba City 0 
Marysville 0 
Sacramento 24 
West Sacramento 30 
Woodland 1 
Davis 0 
Stockton 65 
Merced 0 
Total 120 
Key: 
SPFC = State Plan of Flood Control 
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In addition, completed and ongoing projects under the Early 
Implementation Program (EIP) initiated since bond funding became 
available in 2007 will likely be added to the SPFC when final 
documentation is complete. 

In addition, completed and ongoing EIP projects initiated since bond 
funding became available in 2007 will likely be added to the SPFC when 
final documentation is complete. 

 Non-State Plan of Flood Control 8.6.2
Nonurban Levees 
About 300 miles of non-SPFC nonurban levees work in 
conjunction with SPFC levees in rural areas. Most of these 
levees are along the upper San Joaquin River. Figure 8-3 
shows the locations of non-SPFC nonurban levees that protect 
portions of the SPFC Planning Area. Non-SPFC Delta levees 
are not included since they do not protect the SPFC Planning 
Area. 

Improving these levees to the same level as SPFC rural levees 
would cost about $300 million. This cost is not included in 
the costs for the SSIA. Portions of these non-SPFC nonurban 
levees may be candidates for being added to the SPFC after 
preparation of regional plans and feasibility studies (see 
CVFPP Section 4), but DWR has not included them as part of 
the SSIA. 

Non-SPFC Levees in 
the State Systemwide 
Investment Approach 
• Improvements to urban 

non-SPFC levees are 
included in the SSIA if the 
non-SPFC levees work in 
conjunction with SPFC 
levees to protect the 
SPFC Planning Area  

• Improvements to non-
urban non-SPFC levees 
are not included in the 
SSIA 
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Figure 8-3.  Non-State Plan of Flood Control Levees Protecting 
Portions of State Plan of Flood Control Planning Area 
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8.7 Integrating Ecosystem Restoration 
Opportunities with Flood Risk Reduction 
Projects 

While flood risk reduction (public safety) remains the 
primary goal of the 2012 CVFPP, early integration of other 
important resource management goals into the plan 
formulation process remains a premise of integrated flood 
management. Those supporting goals, along with the 
legislative objectives, are described in Section 5. This will 
help improve overall flood project delivery and may 
broaden public support for flood projects. 

In taking an integrated flood management approach, the 
intent of the SSIA is to make progress on improving 
ecological conditions on a systemwide basis, using 
integrated policies, programs, and projects. This approach 
builds upon and advances on-going efforts and successes 
to incorporate environmental benefits into flood 
management projects. Integrating environmental 
stewardship early into policy and project planning, 
development, and implementation will help move beyond 
traditional project-by-project compensatory mitigation. 
This approach also creates the opportunity to develop 
flood management projects that may be more sustainable 
and cost-effective, and can provide ecological benefits 
while protecting public safety.  Under the SSIA, ecosystem 
restoration opportunities are integral parts of system 
improvements, as well as urban, small community, and 
rural-agricultural area flood protection projects.  

Attachment 2 to the CVFPP, the Conservation Framework, 
provides a preview of a long-term Central Valley Flood 
System Conservation Strategy (Conservation Strategy) that 
DWR is developing to support the 2017 update of the 
CVFPP. The Conservation Framework focuses on 

promoting ecosystem functions and multi-benefit projects in the context of 
integrated flood management for near-term implementation. The 
Conservation Framework provides an overview of the floodway ecosystem 
conditions and trends and key conservation goals that further clarify the 
2012 CVFPP ecosystem goal.  The Conservation Framework also identifies 
opportunities for integrated flood management projects that can, in addition 
to improving public safety, enhance riparian habitats, provide connectivity 
of habitats, restore riparian corridors, improve fish passage, and reconnect 
the river and floodplain.   

Central Valley Flood 
Protection Act of 2008 

California Water Code Section 
9614.  
“The Plan shall include… 
(j) A description of structural and 
nonstructural means for enabling 
or improving Systemwide riverine 
ecosystem function, including, 
but not limited to, establishment 
of riparian habitat and seasonal 
inundation of available flood 
plains where feasible.” 
California Water Code Section 
9616. 
“The Plan shall meet…multiple 
objectives…including… 
(7) Promote natural dynamic 
hydrologic and geomorphic 
processes. 
(9) Increase and improve the 
quantity, diversity, and 
connectivity of riparian, wetland, 
flood plain, and shaded riverine 
aquatic habitats, including the 
agricultural and ecological values 
of these lands. 
(11) Promote the recovery and 
stability of native species 
populations and overall biotic 
community diversity.” 
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The long-term Conservation Strategy will be consistent with the 
Conservation Framework and provide a comprehensive, long-term 
approach for the State to achieve the objectives of the Central Valley Flood 
Protection Act and the FloodSAFE and CVFPP goals. Flood protection 
projects that are integrated with environmental restoration components 
have the potential to increase federal and State cost-sharing for flood 
management projects and make improvements more affordable for local 
entities. 

Consistent with the Conservation Framework, ecosystem restoration and 
enhancement opportunities of the SSIA include the following: 

• Regional improvements (urban, small community, and rural-
agricultural areas) – Flood protection projects will preserve important 
shaded riparian aquatic habitat along riverbanks and help restore the 
regional continuity/connectivity of such habitats. Planning and designs 
for flood risk reduction projects will consider opportunities to enhance 
ecosystem functions. 

• System improvements – DWR, through its multiple programs, will 
continue to work on integrated flood management projects within the 
Systemwide Planning Area, and will evaluate and initiate other projects 
that benefit the SPFC. Sutter and Yolo bypass expansions (described 
previously) may increase the overall area of floodplain that would 
support wetland habitats.   

• Fish passage improvements – Improve fish passage at SPFC weirs, 
bypasses, and other flood management facilities undergoing 
modification or rehabilitation to improve access to upstream aquatic 
habitat and facilitate natural flow routing. Possible candidates for fish 
passage improvements include the following: 

- Big Chico Creek system 

- Tisdale and Colusa weirs 

- Cache Creek Settling Basin  

- Fremont Weir 

- Yolo Bypass 

- Willow Slough Weir in Yolo Bypass 

- Sacramento Weir 

- Sand Slough Control Structure 
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DWR’s goal in integrating ecosystem restoration and enhancement is to 
achieve overall habitat improvement, thereby reducing, or eliminating the 
need to mitigate for most ecosystem impacts. However, depending on the 
timing of improvements and implementation, some ecosystem mitigation 
may be required.  

8.8 Climate Change Adaption Strategy 

Climate change is likely to generate more extreme floods in the future. 
Development of flood hydrology that accounts for the potential effects of 
climate change is a complicated and time-consuming exercise that must 
account for many uncertainties. DWR, in partnership with the USACE, is 
in the process of developing new hydrology that includes the effects of 

climate change, but that hydrology will not be ready for use 
in system evaluation until late 2012. Therefore, the new 
hydrology will be most useful in technical evaluations 
leading to the 2017 update of the CVFPP. 

Even though climate change hydrology was not yet 
available, development of the SSIA included allowances for 
potentially higher flows due to climate change. Providing 
wider bypasses to lower floodwater surface elevations 
would increase flow-carrying capacity and flexibility to deal 
with higher flood flows that may occur because of climate 
change. Changes in reservoir operations from F-CO and F-
BO can provide flexibility and adaptability to changes in 
extreme flood events. In addition, the SSIA includes the 
potential for the State to participate with others in reservoir 
expansion projects and in obtaining rights for floodplain 
transitory storage from willing landowners. These and other 
strategies to address the effects of climate change will be 
further evaluated for the 2017 update of the CVFPP.  

The effects of sea level rise are important in the 
Sacramento-San Joaquin Delta, portions of which are 
protected by SPFC facilities.  Sea level rise will affect 
levees within the Delta and for some distance upstream 
along the rivers. The estimated average sea level rise is 
currently under the review of the National Research 
Council. For the 2012 CVFPP, high tide conditions during 
the 1997 flood (a strong El Nino event) were used as the 
boundary conditions for hydraulic analysis and could be 
considered an initial, surrogate condition under climate 
change.  This tide was about two feet higher than would 
normally be expected on the basis of solar and lunar 

Climate Change 
Climate change impacts for 
extreme events, such as 
flooding and droughts, will 
result not from changes in 
averages, but from changes in 
local extremes. DWR initiated a 
study to investigate a new 
approach to assessing impacts 
based on climate change 
indices more suitable for flood 
events – “Atmospheric Rivers.”  
Preliminary findings are 
promising for: 

• Assessing climate change 
impacts on flood 
management and to 
communities receiving flood 
protection  

• Identifying prudent system 
improvements that are 
resilient in climate change 
conditions 

DWR intends to continue 
methodology development and 
application for the 2017 CVFPP 
Update. “Stability of native 
species populations and overall 
biotic community diversity.” 
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gravitational forces that create tides. DWR will continue to coordinate with 
other DWR programs, Delta Stewardship Council’s Delta Plan, and 
ongoing USACE feasibility studies to collectively address how sea level 
rise could contribute to potential estuary flooding in the Delta.  

For the 2017 CVFPP update, improved sea level rise information will be 
used.  DWR will develop approaches for addressing sea level rise that may 
vary depending on the expected range and rate of sea level rise. For 
example, these approaches may vary from abandoning some facilities to 
raising and strengthening affected levees. Some affected areas may be 
transformed to ecosystem uses. Other management approaches may be 
considered, as supported by technical analysis during the preparation of 
regional plans and feasibility studies. 

DWR is developing a new methodology for estimating the impacts of 
climate change on flood hydrology. Typical climate change impact 
assessments for long-term water supply needs consider likely changes in 
average temperature and precipitation.  However, climate change impacts 
on extreme events, such as floods, will not result from changes in averages, 
but from changes in local extremes. Therefore, DWR collaborated with the 
National Oceanic and Atmospheric Administration, U.S. Geological 
Survey, USACE, and Reclamation in developing a new methodology based 
on the intensity of “Atmospheric Rivers,” which are fast-moving, 
concentrated streams of water vapor that can release heavy rains.  Since the 
moisture source of water vapors is often the ocean southwest of the 
Hawaiian Islands, these storm events are often referred to as Pineapple 
Expresses.   

Since available climate change information does not present probabilistic 
characteristics, DWR is working on the concept of prudent decision making 
that focuses on investments that could accommodate a broader range of 
climate change scenarios rather than optimizing investments within a few 
selective scenarios.  The resulting Threshold Analysis Approach was 
applied to the Yuba-Feather system in a proof-of-concept pilot study.  The 
results of the pilot study suggest that under the F-CO, New Bullards Bar 
Dam on the Yuba River has inadequate capacity to help respond to climate 
change, as compared to Oroville Dam on the Feather River, because of 
limited  regulating capacities.  This information provides guidance for the 
overall investment strategy for modifications such as enlarged outlets at 
New Bullards Bar Dam. DWR intends to fully develop the Threshold 
Analysis Approach for the 2017 Update with new Central Valley 
hydrology and improved Atmospheric River indices (see 2012 CVFPP 
Attachment 8k – Climate Change Analysis).   

In summary, improved climate change information will allow more 
detailed evaluation of potential climate change impacts on the SPFC and 
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refinement of approaches to manage higher floodflows and sea levels 
during preparation of regional plans and feasibility studies. 

8.9 Considerations for Sacramento-San Joaquin 
Delta 

Land uses in the Delta outside the SPFC are primarily rural and dominated 
by agriculture and open space, with several dispersed small communities.  
Flood management facilities primarily include levees, which often protect 
lands at or below sea level.  Flood management responsibilities in Delta 
areas outside the SPFC reside with a variety of local agencies, supported by 
the State’s Delta Special Flood Projects Program and Delta Levees 
Maintenance Subventions Program. 

Restoration of ecosystem functions and aquatic habitats in the Delta have 
been, and continue to be, the focus of various State, federal, and local 
efforts, in addition to water supply and flood management planning.  Major 
efforts include the Delta Stewardship Council’s Delta Plan, the Delta 
Protection Commission’s Economic Sustainability Plan, the Bay Delta 
Conservation Plan, and the Delta Habitat Conservation and Conveyance 
Program. 

The CVFPP supports a financially and environmentally sustainable Delta.  
Depending on which elements of the SSIA are eventually implemented in 
upstream regions, there is a potential for hydraulic impacts in the Delta. 
The SSIA includes management actions (see Section 5), and a cost 
allowance, to lessen or mitigate these impacts compared with current 
conditions. 

The State will continue to support Delta flood management improvements 
outside the SPFC through existing programs and in coordination with 
ongoing multiagency Delta planning efforts.  Existing programs include the 
Statewide Flood Management Planning Program, Delta Levees 
Maintenance Subventions Program, Delta Special Flood Control Projects 
program, emergency planning and response support, and other residual risk 
management programs and support provided by the State. 
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8.10 U.S. Army Corps of Engineers Levee 
Vegetation Policy and Public Law 84-99 
Eligibility 

The USACE levee vegetation management policy affects implementation 
of the SSIA and its ability to maintain eligibility for federal Public Law  
84-99 rehabilitation assistance in the event of flooding. The following 
provides context for the USACE policy and the State’s resultant levee 
vegetation management strategy described in CVFPP Section 4.  A more 
detailed description of the levee vegetation management issue can be found 
in Attachment 2 – Conservation Framework. 

 U.S. Army Corps of Engineers Levee Vegetation 8.10.1
Policy 

In April 2007, USACE released a draft white paper, Treatment of 
Vegetation within Local Flood Damage Reduction Systems, which clarified 
its nationwide policy regarding the removal of wild growth, trees, and other 
encroachments as a prerequisite for Public Law 84-99 eligibility. The 
USACE policy requires removal of all woody vegetation from levee slopes 
and toe areas. This policy is not consistent with the USACE “vegetation 
variance letter” dated August 3, 1949, which revised the Standard O&M 
Agreement to include the following text: “Brush and small trees may be 
retained on the waterward slope where desirable for the prevention of 
erosion and wave wash.  Where practicable, measures shall be taken to 
retard bank erosion by the planting of willows or other suitable growth on 
areas riverward of the levees.”  The 2007 policy is also not consistent with 
the long-standing USACE practice of protecting trees while performing 
levee repairs on Central Valley levees, and requiring new tree planting in 
its levee designs, where feasible. 

USACE has proposed the new levee vegetation policy to improve levee 
integrity and reduce flood risk.  The Flood Control System Status Report 
includes DWR’s assessment of the safety risks associated with trees and 
shrubs on, and adjacent to, levees. The report concludes that properly 
trimmed and spaced levee vegetation poses a low threat to levee integrity in 
comparison with other risk factors, and can help stabilize soils and reduce 
nearshore flow velocities.  DWR does not believe that the presence of 
properly maintained woody vegetation on “legacy levees” constitutes a 
degree of risk that necessarily requires removing vegetation or constructing 
engineered works to address the perceived risk.  Instead, DWR believes 
such “legacy levee vegetation” needs to be considered in a balanced 
recognition of its role to the ecosystem and to the levee’s integrity. 
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A preliminary assessment by DWR has also concluded that the complete 
removal of existing woody vegetation along the 1,600-mile legacy Central 
Valley levee system would be enormously expensive, would divert 
investments away from more critical threats to levee integrity, and would 
be environmentally devastating.  Recent USACE research regarding the 
risks associated with trees on levees found that trees can slightly increase 
or decrease levee safety, depending on their location on the levee slope.  
While concluding that more research is needed, the research did not 
characterize levee vegetation as a major risk factor. 

In the spirit of cooperation, DWR, the Board, USACE, local maintaining 
agencies, and key federal and State resources agencies, have been engaged 
in California Levees Roundtable discussions since August 2007. Early 
discussions regarding ways to address USACE’s levee vegetation policy 
led to the California’s Central Valley Flood System Improvement 
Framework (Framework Agreement), dated February 27, 2009.  The 
Framework Agreement allows Central Valley levees to retain acceptable 
maintenance ratings and Public Law 84-99 rehabilitation eligibility as long 
as levee trees and shrubs are properly trimmed and spaced to allow for 
visibility, inspection vehicles, and floodfight access. The Framework 
Agreement states that “…the eligibility criteria will be reconsidered based 
on the contents of the CVFPP.” 

While the California Levees 
Roundtable discussions were 
underway, USACE issued 
Engineering Technical Letter 
(ETL) 1110-2-571, which 
finalized its Guidelines for 
Landscape Planting and 
Vegetation Management at 
Levees, Floodwalls, 
Embankment Dams, and 
Appurtenant Structures (April 
10, 2009). These guidelines 
essentially established a woody 
vegetation-free zone on all 
levees and the adjoining ground 
within 15 feet of the levee on 
both sides, and are at odds with 
DWR’s independent assessment 
described above.  As an 
implementation directive for the 
ETL, USACE subsequently 
issued a draft Policy Guidance 
Letter (PGL), Variance from Erosion along the Sacramento River 
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Vegetation Standards for Levees and Floodwalls (February 9, 2010).  
Congress, through the Water Resources Development Act of 1996, Section 
202 (g), had mandated that USACE “address regional variations in levee 
management and resource needs” – but the February 2010 draft PGL did 
not address regional variations. 

Before and following release of the draft PGL, DWR has recommended 
that USACE formulate a variance process that is workable on a systemwide 
scale, such as might be required for the Central Valley flood management 
system.  DWR has recommended that such a variance process should allow 
for consideration of the geotechnical, hydraulic, environmental, and 
economic factors that DWR believes are important in formulating and 
prioritizing levee repairs and improvements.  Because the February 2010 
draft PGL was not workable from DWR’s perspective, in May 2011, DWR 
proposed an alternative variance procedure for USACE consideration. 
Although USACE has stated their procedural inability to work individually 
with California (or collectively with several non-federal entities) to 
collaboratively develop a variance policy that recognizes and 
accommodates regional differences,  DWR remains hopeful that USACE 
will issue a final vegetation variance PGL that will complement and be 
consistent with the CVFPP. 

It is important to note that the large-scale removal of levee vegetation runs 
at odds with State and federal environmental requirements.  State and 
federal resource agencies find that the ETL itself, and the potential impacts 
of widespread vegetation removal due to strict enforcement of that 
regulation, pose a major threat to fish and wildlife species, including 
protected species, and to their recovery.  Similarly, local agencies are 
concerned about negative impacts to public safety from ETL compliance 
due to redirection of limited financial resources to lower priority risks.  For 
this reason, widespread vegetation removal is unlikely to be a feasible 
management action for many of California’s levees.  

A further complication is the question of shared responsibility for activities 
to address woody vegetation. The USACE ETL and associated February 
2010 draft PGL do not  recognize that legacy levee  vegetation exists for a 
wide variety of reasons (in many cases, because USACE itself placed the 
vegetation or encouraged its placement or retention), and instead treats all 
legacy levee vegetation as if it were “deferred maintenance” and solely a 
nonfederal responsibility.  Consequently, USACE asserts through the ETL 
and draft PGL that all of the administrative and financial burdens for ETL 
compliance, or for obtaining a variance, should be placed on its nonfederal 
partners.  The State continues to encourage USACE to accept shared 
responsibility for addressing levee vegetation issues, as appropriate – 
which would also facilitate USACE plan formulation as a partner in cost-
shared flood risk reduction projects.   
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It is important to note that DWR’s purpose in advocating for shared 
responsibility is not to commit federal funds toward the enormous cost of 
removing vegetation to achieve ETL compliance.  Rather, DWR is 
advocating that such inordinate costs be avoided by having USACE partner 
with DWR, the Board, and local agencies in addressing legacy levee 
vegetation issues, jointly considering the environmental and risk reduction 
implications of vegetation remediation within the context of prudent 
expenditure of limited public funds. DWR will continue to confer with 
USACE on plan formulation concepts that recognize shared responsibility 
for addressing vegetation issues (in parallel with traditional levee risk 
factors) within a systemwide risk-informed context that is intended to 
enable critical cost-shared flood system improvements to move forward. 

A critical limitation of the USACE ETL is that it is written strictly in terms 
of new levee construction.  It does not recognize and address the unique 
engineering and environmental attributes presented by well-established 
“legacy vegetation” as an integral aspect of many SPFC levees. While the 
CVFPP proposes to adhere to USACE vegetation policy for new levee 
construction, compatibility of the CVFPP levee vegetation management 
strategy with implementation of USACE national vegetation policy for 
“legacy levee vegetation” needs flexibility to recognize and accommodate 
regional differences – which could be achieved through a collaboratively 
developed variance policy that provides such regional flexibility. 

 Economics of Public Law 84-99 Eligibility for 8.10.2
Rural-Agricultural Levees 

Noncompliance with USACE vegetation policy may result in Public Law 
84-99 ineligibility for rural-agricultural levees.  However, compliance with 
the policy is costly and generally is not affordable for rural-agricultural 
maintaining agencies, nor is it practicable.  Although the Public Law 84-99 
Rehabilitation and Inspection Program can be helpful to nonfederal 
sponsors in rehabilitating damaged levees after a flood, its usefulness is 
limited in the Central Valley for the following reasons: 

• Funding for Public Law 84-99 rehabilitation assistance is generally 
very limited. Public Law 84-99 rehabilitation assistance for significant 
damage repairs usually requires a special appropriation by Congress. 

• There is no mechanism to obtain reimbursement or credit when a 
nonfederal sponsor performs the repairs, or pays USACE to perform the 
repairs. 

• Increasingly stringent USACE maintenance requirements, especially 
for encroachments and vegetation, can be difficult to meet and are 
unaffordable. 
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• Rehabilitation projects need to be economically justified with a benefit-
to-cost ratio of 1.0 or greater to justify federal involvement.  In rural-
agricultural areas of the Sacramento and San Joaquin river basins, this 
requirement can be difficult to achieve. 

From a nonfederal perspective, the most critical concerns about 
implementing the USACE vegetation policy are the environmental impacts, 
the cost to comply with the policy, and the misallocation of scarce public 
funds for system improvement. 

Based on USACE expenditures under Public Law 84-99 for declared flood 
events in 1995, 1997, 1998, and 2006, the preliminary estimate of 
annualized assistance of levee rehabilitation is approximately $30 million.  
This estimate is significantly influenced by the $120 million in assistance 
provided by USACE following the 1997 flood event – an amount not likely 
to be duplicated based on subsequent changes in USACE policy, such as 
their levee vegetation policy. 

In April 2010, DWR developed a Fiscal Impact Report of the U.S. Army 
Corps of Engineers’ Vegetation Management Standards and Vegetation 
Variance Policy for Levees and Flood Walls.  This report includes the cost 
estimates of applying the ETL to the 116 critical levee repairs performed 
from 2006 through 2008 and the cost estimate of applying the ETL to the 
entire 1,600 miles of project levee system by extrapolation. The estimated 
order of magnitude cost to comply with the USACE policy ranged from 
$6.5 billion to $7.5 billion. Annualizing this cost of compliance (over a 50-
year project life at 6 percent) would yield an annual cost of over $400 
million, more than ten times the $30 million annual assistance estimated 
above. 

Therefore, the State interest is to follow the vegetation management 
strategy presented in CVFPP Section 4. The local maintaining agencies 
may choose to comply with the USACE vegetation policy to maintain 
Public Law 84-99 eligibility; however, it would be very challenging for 
rural-agricultural maintaining agencies because of cost of compliance for 
eligibility. This is evident by the results of USACE periodic inspections. As 
of fall 2011, 39 of 116 local maintaining agencies have lost eligibility for 
Public Law 84-99 rehabilitation assistance for reasons other than 
vegetation.   

Since the actual expenditure of Public Law 84-99 funds is based on unit-
specific determinations of federal interest, removal of levee systems from 
“active status” eligibility under Public Law 84-99 based on noncompliant 
vegetation would be unnecessary since USACE Engineering Regulation 
500-1-1 protects the federal government from bearing any of the cost of 
any levee rehabilitation work associated with “deferred or deficient 
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maintenance.” While the State does not consider much of the noncompliant 
vegetation on the levees as “deferred or deficient maintenance,” the 
USACE may use this regulation to justify retention of levees with 
noncompliant vegetation in “active status” in order to protect the federal 
investment in SPFC levees.  In cases where the site-specific Project 
Information Report determines that noncompliant vegetation contributed to 
levee damage and/or increased rehabilitation costs, USACE may assign 
incremental costs attributed to such vegetation to the nonfederal partner. 

8.11 Residual Risk Management 

As elements of the SSIA are constructed over time, residual flood risk 
within the Central Valley should decrease.  However, the potential for 
flooding in the Central Valley will always pose risks to life and property, 
particularly in areas of deep or rapid flooding.  Table 8-5 illustrates 
estimated residual risk management needs for the SSIA. These can be 
compared with the residual risk needs estimated for the preliminary 
approaches. 

Consequently, investments in residual risk management must continue, 
both during and after implementation of the SSIA.  Policies and programs 
related to residual risk management are described in more detail in CVFPP 
Section 4. 

Table 8-6 summarizes the preliminary estimate of costs for the SSIA, 
assuming all elements are ultimately completed. Estimates include costs for 
capital improvements and 25 years of ongoing annual work to maintain the 
system. Estimated costs are in 2011 dollars. Actual costs will vary from 
those in Table 8-5 because of a wide range of factors, including project 
justification by feasibility studies, project configuration, implementation 
time, future economic and contractor bidding conditions, and many others. 

Specific project features ultimately implemented for the SSIA will depend 
on a host of factors.  These factors include detailed project feasibility 
studies; designs and costs; environmental benefits and impacts; interaction 
with other local projects and system improvements; local, federal, and State 
agency participation in project implementation; and changing physical, 
institutional, and economic conditions. 
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Table 8-5.  Residual Risk Management for State Systemwide 
Investment Approach 

Flood 
Management 

Element 
Project Location or Required 

Components 
Included in SSIA 
Implementation  

Enhanced Flood 
Emergency 
Response 

All-weather roads on levee crown YES 

Flood information collection and sharing YES 

Local flood emergency response planning YES 

Forecasting and notification YES 

Rural post-flood recovery assistance program YES 
(Small) 

Enhanced 
Operations and 
Maintenance 

Identifying and repairing after-event erosion YES 

Developing and implementing enhanced O&M 
programs and regional O&M organizations YES 

Sacramento channel and levee management, 
and bank protection YES 

Floodplain 
Management 

Raising and waterproofing structures and 
building berms 

YES 
(Large) 

Purchasing and relocating homes in 
floodplains 

YES 
(Large) 

Land use and floodplain management YES 

Agricultural conservation easements YES 

Key: 
Large = relatively high level of work to implement  
O&M = operations and maintenance 
Small = relatively low level of work to implement 
SSIA = State Systemwide Investment Approach 
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8.12 Estimated Cost of 
State Systemwide 
Investment Approach 

 The table also includes SPFC flood 
management investments that have 
already been expended or committed 
during the 2007 to 2011 period. Since 
passage of the 2007 flood legislation 
directing preparation of the 2012 
CVFPP, the State has made substantial 
progress in reducing flood risks within 
the Central Valley by investing bond 
funds from Propositions 84 and 1E.  
These efforts encompass urban levee 
improvements, emergency repair 
projects, physical and operational 
changes to flood management 
reservoirs, emergency response 
planning, and improvements to 
operations and maintenance, 
emergency response, and floodplain 
management. These accomplishments 
over the past five years represent 
significant progress in achieving the 
2012 CVFPP Goals. 

The estimated amounts in Table 8-6 
are total combined investments for 
State, federal, and local agencies. 
CVFPP Section 4 provides further 
detail on cost-sharing proportions, and 
expenditures prior to adoption of the 
2012 CVFPP. Consistent with 
traditional cost-sharing for flood 
management projects, DWR estimates 
that the State’s share of costs included 
in Table 8-6 will be $6,400 million to 
$7,700 million, including already 
expended or committed investments, if 
all elements of the SSIA are ultimately 

constructed. CVFPP Section 4 also shows cost estimates over a more 
certain time period of 10 years that will allow near-term projects to be 
constructed as longer term projects are under additional evaluation. 

State Investments in State 
Plan of Flood Control Flood 
Management, 2007 – 2011 

Flood Emergency Response 
• Emergency exercises 
• New water gaging 
• Forecast-Coordinated Operations for 

Yuba/Feather 
• Rock stockpiles in Delta 
Operations and Maintenance 
• Over 220 levee sites repaired 
• Sediment removal from bypasses 
• Rehabilitation of 7 flood structures 
Floodplain Management 
• Building code revision prepared 
• 300,000 flood risk notifications 

annually, between 2010 and 2011 
• Mapping of Central Valley Levee 

Flood Protection Zones 
Capital Improvements 
• 15 ongoing or completed projects  
Assessments and Engineering 
• 9,000 square miles of topographic 

data 
• Urban and nonurban levee 

evaluations 
• State Plan of Flood Control 

Descriptive Document 
• Flood Control System Status Report  
• CVFPP development 
• Coordination with USACE on many 

ongoing evaluations 
Ecosystem  
• See 2012 CVFPP Section 4 for 

ecosystem accomplishments 
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Table 8-6.  Estimated Costs for State Systemwide Investment Approach ($ Millions) 

Region 
System 

Improvements 
Urban  

Improvements 
Rural-Agricultural 

Improvements 
Residual Risk 
Management Total Cost 

 

Low  High Low  High Low  High Low  High Low  High 

 1 – Upper Sacramento $109 - $180 $120 - $144 $154 - $168 $95 - $114 $480 - $610 

 2 – Mid-Sacramento $234 - $340 $0 - $0 $360 - $379 $261 - $333 $860 - $1,050 

 3 – Feather River $1,695 - $2,139 $891 - $1,048 $282 - $289 $170 - $212 $3,040 - $3,690 

 4 – Lower Sacramento $1,627 - $1,962 $3,549 - $4,283 $77 - $88 $138 - $169 $5,390 - $6,500 

 5 – Delta North1 $754 - $924 $144 - $192 $604 - $634 $266 - $311 $1,770 - $2,060 

 6 – Delta South1 $427 - $549 $0 - $0 $47 - $52 $110 - $135 $580 - $740 

 7 – Lower San Joaquin $7 - $8 $626 - $809 $17 - $19 $82 - $97 $730 - $930 

 8 – Mid-San Joaquin $60 - $102 $0 - $0 $48 - $55 $81 - $96 $190 - $250 

 9 – Upper San Joaquin $229 - $297 $166 - $199 $183 - $189 $308 - $396 $890 - $1,080 

TOTAL $5,140 to $6,500 $5,500 to $6,680 $1,770 to $1,870 $1,510 to $1,860 $13,920 to $16,910 
Notes: 
1. SPFC Facility costs only 
Costs in $ millions.  All estimates in 2011 dollars. 
Key: 
SPFC = State Plan of Flood Control 
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8.13 Performance of State Systemwide 
Investment Approach 

Based on the evaluations, the SSIA could effectively improve management 
of flood risk for urban, small community, and rural-agricultural areas given 
differing population, assets at risk, and other State interests. The SSIA 
reflects a cost-justifiable approach to effectively meet the legislation 
requirements and the 2012 CVFPP Goals, and provides a road-map for 
more detailed studies and designs leading to site-specific capital 
improvements. 

The following sections summarize the additional performance benefits that 
could be achieved through implementing the SSIA.  The following sections 
compare the performance of the SSIA to current conditions for several key 
parameters:  changes in flood stage, sustainability, contributions to the 
2012 CVFPP Goals, and relative efficiency.  For analysis purposes, the 
current or No Project condition represents conditions consistent with the 
Notice of Preparation for the PEIR.  It is also important to note that EIP 
projects and other FloodSAFE initiatives implemented since bond funding 
became available in 2007, which are considered part of the SSIA, have 
already provided benefits and are not reflected in this analysis. 

 Primary Goal Indicators 8.13.1
As discussed in Section 7.6.2, system performance indicators demonstrate 
how well each approach meets the primary goal of the 2012 CVFPP to 
improve flood risk management.  Primary goal indicators include life risk, 
EAD, level of protection, and changes in peak flow. 

Life Risk 
Table 8-7 displays the percent reductions in life risk results for the 
Sacramento and San Joaquin river basins and Stockton area, and all 
approaches studied, compared to No Project. All of the approaches reduce 
life risk compared to No Project, with the greatest reduction attributable to 
Enhance Flood System Capacity Approach. 

The life risk values are conditional: they represent consequences for a 
given area with a specified set of hydrologic and hydraulic conditions for 
the system, with best representation of performance of system levees and 
other features, and with stated assumptions regarding public warning and 
response. As such, the results are informative indices of life risk, and the 
values shown herein provide a reliable metric for comparing the life risk 
reduction attributable to the proposed 2012 CVFPP approaches. 
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Details on how life risk values were calculated can be found in the 2012 
CVFPP Supporting Documentation – Technical Documentation 
Attachment 8G: Life Risk Analysis.  

Table 8-7.  Percent Reduction in Life Risk Values: Sacramento and 
San Joaquin River Basins 

CVFPP Approaches 
Sacramento 
River Basin 

(Percent 
Reduction) 

San Joaquin 
River Basin 

(Percent 
Reduction) 

Stockton  
Area  

(Percent 
Reduction) 

Total (Percent 
Reduction) 

No Project 58.6 4.1 1.4 64.1 
Achieve SPFC Design Capacity 56.0 4.0 0.2 60.2 
Protect High Risk Communities 31.6 3.9 0.2 35.6 
Enhance Flood System Capacity 23.2 2.0 0.2 25.4 
State Systemwide Investment  28.1 3.9 0.2 32.2 
Key: 
CVFPP = Central Valley Flood Protection Plan 
SPFC = State Plan of Flood Control 

 

Economic Damages 
Economic damages from a flood event indicate the performance of the 
flood management system.  Figures 8-4 and 8-5 present the annual 
structure, crop and business losses for the Sacramento and San Joaquin 
River Basins for the SSIA compared to No Project and each three 
preliminary approaches.  Economic damages are shown in millions of 
dollars per year. 

In the Sacramento Basin, the general trend shows that the SSIA would 
reduce annual structure, crop, and business damages compared to No 
Project (Figure 8-4), with regional variation shown in Figure 8-5.  The 
SSIA would also reduce damages compared to the Achieve SPFC Design 
Flow Capacity and Protect High Risk Communities Approach, but not as 
much as the Enhance Flood System Capacity Approach. 
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Figure 8-4.  Summary of Potential Annual Direct Impacts of Flooding 
in the Sacramento Basin 
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Figure 8-5.  Summary of Potential Annual Direct Impacts of Flooding 
in the Sacramento Basin 
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In the San Joaquin River Basin, the general trend shows that the SSIA 
would reduce annual structure damages relative to No Project (Figure 8-6), 
with regional variation shown in Figure 8-7. Annual business losses would 
remain unchanged from No Project by the SSIA and preliminary 
approaches.  Annual crop damages would remain unchanged by the SSIA 
or Protect High Risk Communities Approach, but would be reduced by the 
Achieve SPFC Design Flow capacity and the Enhance Flood System 
Capacity Approaches. This is because although cities and towns are 
protected under the SSIA, agricultural lands do not receive an increased 
level of protection. 

 
Figure 8-6.  Summary of Potential Annual Direct Impacts of Flooding 
in the San Joaquin River Basin 
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Figure 8-7.  Summary of Potential Annual Direct Impacts of Flooding 
in the San Joaquin River Basin  



2012 Central Valley Flood Protection Plan 
Attachment 7: Plan Formulation Report 

8-46 January 2012 
 Public Draft 

Level of Protection 
The 2012 CVFPP has a goal for urban areas to achieve a level of protection 
(LOP) against a 0.5 percent AEP flood event (200-year LOP).  The goal for 
rural areas is to achieve a level of protection against a 1 percent AEP flood 
event (100-year LOP).  Figures 8-8 and 8-9 show the populations in the 
Sacramento and San Joaquin Basins and the LOP afforded to them under 
No Project, the SSIA, and each preliminary approach. All of the 
preliminary approaches showed an increase in the percentage of 
populations that are protected from the 0.5 or 1 percent AEP flood versus 
No Project with the greatest LOP for the greatest population occurring 
under the Enhanced Flood System Capacity Approach. 

 
Figure 8-8.  Protection for Population in Sacramento River Basin 
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Figure 8-9.  Protection for Population in San Joaquin River Basin 

Stage Changes 
Figures 8-10 and 8-11 illustrate performance of the SSIA with respect to 
systemwide peak floodwater surface elevations (stages) compared to 
current conditions. In most areas along the rivers in the Sacramento River 
Basin, stages are lower than current conditions because of the proposed 
bypass expansions. Flood stages in the San Joaquin River Basin do not 
change much with respect current conditions because large bypass 
expansions were not included, except near the Delta. Flood stages entering 
the Delta may be higher by a few tenths of a foot. If stage changes result in 
significant hydraulic impacts, features to mitigate the impacts may be used. 

Sequencing improvements along the river corridors may cause temporary 
water stage impacts and or hydraulic impacts. Sequencing improvements 
from downstream to upstream may eliminate these temporary impacts, but 
may not be practical considering the wide range of improvements that need 
to be made. 
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Location of peak flow and water surface elevation estimates for various frequency events at selected monitoring locations in the Sacramento River Basin. 
Key:     cfs = cubic feet per second  ft = feet  SSIA = State Systemwide Investment Approach 

Figure 8-10.  Changes in Peak Floodflows and Stages – No Project Versus State 
Systemwide Investment Approach for Various Storm Events – Sacramento River Basin 
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Location of peak flow and water surface elevation estimates for various frequency events at selected monitoring locations in 
the San Joaquin River Basin. 
Key: cfs = cubic feet per second  ft = feet  SSIA = State Systemwide Investment Approach 

Figure 8-11.  Changes in Peak Floodflows and Stages – No Project Versus State 
Systemwide Investment Approach for Various Storm Events – San Joaquin River Basin 
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 Sustainability 8.13.2
Table 8-8 summarizes the financial, environmental, and social 
sustainability aspects of the SSIA compared with No Project. 

Table 8-8.  Summary of State Systemwide Investment Approach 
Sustainability Compared with No Project 

Overall 
Sustainability 

No Project State Systemwide Investment Approach 
Low Medium 

Financial Very high ongoing and 
long-term annual costs 

Very high upfront and lower long-term annual 
costs. 

Environmental 

Limited opportunities to 
improve habitat 
connectivity, quality, 
quantity, and biodiversity 

Enhanced opportunities to improve habitat 
connectivity, quality, quantity, and biodiversity. 

Social  

Varied level of protection 
throughout the system 
Significant potential for 
public safety and 
economic consequences 
of flooding 

Seeks flood protection comparable with assets 
being protected. Limits cumulative growth of 
flood risks to State’s people and infrastructure 
due to system improvements. Reduces reliance 
on compensatory mitigation for project 
implementation and regular operations and 
maintenance due to implementation of 
systemwide conservation strategy. Rebalances 
institutional arrangement for operations and 
maintenance responsibilities. 

Climate Change 
Adaptability 

Low system resiliency 
(ability to adapt) 

Conveyance improves flood system resiliency by 
lowering stages, which improves ability to adapt 
to climate change. 

Key: 
State = State of California 

 Central Valley Flood Protection Plan Goals 8.13.3
Table 8-9 summarizes contributions of the SSIA to the five 2012 CVFPP 
Goals, compared with No Project. 
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Table 8-9.  Summary of Contributions of State Systemwide Investment Approach 
to Central Valley Flood Protection Plan Goals Compared with No Project 

Goal or Metric No Project 
State Systemwide 

Investment Approach 
Contributions to Primary Goal – Improve Flood Risk Management 
Level of Flood 
Protection 

Varies throughout system 
• Most urban areas do not have 200-year 

level of flood protection 
• Protection to rural-agricultural areas and 

small communities varies widely 

Overall higher protection consistent with 
assets being protected 
• Urban areas achieve protection from a 200-

year flood, and for small communities achieve 
protection from a 100-year flood 

• Overall increased levels of flood protection  
throughout the system reflecting improved 
capacity to manage flood peaks  

Life Safety  
(focused on 
populations  
at risk) 

Varies throughout system 
• Public safety threat is high for many 

communities, particularly those in deep 
floodplains 

Improvement varies 
• Substantial improvement in urban areas  
• Improvement in small communities varies  

Economic 
Damages 

$329 million in expected annual 
damages 
• Economic damages, particularly in 

urban areas, are very high 

Reduction of 67 percent in expected annual 
damages 
• Substantial reduction in damages in urban 

areas, small communities, and rural areas  

Contributions to Supporting Goals 
Improve 
Operations and 
Maintenance 

Very high current costs 
• Ongoing and long-term O&M costs are 

very high relative to other approaches 

Decrease in long-term O&M requirements 
• Decrease in long-term costs due to O&M 

reforms (clarified roles and responsibilities, 
consistent standards, and revenue generation 
improvements) and physical modification to 
reduce geomorphic stressors  

Promote 
Ecosystem 
Functions 

Limited opportunities for ecosystem 
benefit 
• Native habitat may be integrated into 

SPFC repair projects, primarily through 
mitigation 

Enhanced  opportunities for systemwide 
ecosystem benefit 
• Floodway expansion provides substantial 

opportunity to improve ecosystem functions, 
fish passage, and the quantity, quality, and 
diversity of natural habitats 

 Improve 
Institutional 
Support 

• Continued dispersion of 
responsibilities and roles for flood 
management in the Central Valley 
among many agencies with varying 
functions and priorities 

• Improve flood management functions 
through changes and/or clarifications in current 
State policy directives, legislated authority and 
responsibilities, and partnerships with federal 
and local partners 

Promote Multi-
Benefit Projects 

• Limited opportunities to integrate 
other benefits into repairs to SPFC 
facilities 

• Enhanced opportunities to integrate water 
quality, groundwater recharge, recreation, 
power, and other benefits 

Ability to Meet Legislative Objectives (Completeness) 
Ability to Meet 
Objectives in 
Flood Legislation 

Does not meet 
• Varied level of protection throughout the 

system and high potential for public 
safety and economic damages  

Addresses all objectives 
• Contributes to all objectives with proposed 

system and regional elements, and supporting 
implementation policies and programs 

Key: 
O&M = operations and maintenance 
SPFC = State Plan of Flood Control 
State = State of California 
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 Relative Efficiency 8.13.4
DWR prepared the qualitative comparison to show the broad differences in 
potential performance of the preliminary approaches and the SSIA. Figure 
8-12 shows qualitative comparisons of performance for SSIA with the three 
preliminary approaches. These comparisons are the same as shown in 
Section 7, but with the addition of the SSIA. 

 
Key: SPFC = State Plan of Flood Control 

Figure 8-12.  Performance Comparison for All Approaches 

Another view of the relative performance of the three preliminary 
approaches and SSIA is shown in Figure 8-13. The figure shows 
preliminary cost estimates and estimated performance in terms of the 
relative contributions of each approach to the primary and supporting goals 
of the 2012 CVFPP.  
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Key: 
B = Billion 
SPFC = State Plan of Flood Control 

Figure 8-13.  Relative Comparison of State Systemwide Investment 
Approach and Preliminary Approach Efficiency 

8.14 State Systemwide Investment Approach 
Benefits 

The SSIA, as a multi-benefit and integrated flood management approach, 
has many direct and indirect benefits to the Central Valley, State, and 
nation. This section summarizes the benefits of the SSIA.  

Benefits assessed include reduced economic damages, benefits to local and 
regional economies, improved public health and safety, ecosystem 
restoration, open space and recreation, increased flood system resiliency 
and climate change adaptability, water management, and reduced long-term 
flood system management costs. Some of these benefits are presented 
quantitatively and some qualitatively, because some of the benefits could 
not be calculated at this time. These benefits will be further refined and 
documented during the feasibility study process scheduled to be initiated 
upon adoption of the 2012 CVFPP by the Board.  
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 Reduced Economic Flood Damages 8.14.1
The USACE Hydrologic Engineering Center Flood Damage Analysis 
(HEC-FDA) model was used to estimate the flood risk reduction benefits of 
the SSIA. Expected annual flood damages were computed over the array of 
potential floods, from small to extremely large, compared with the no 
project condition. The flood damage estimates consider the following: 

• Residential, commercial, industrial, and governmental structure and 
contents damage 

• Agricultural/crop losses 

• Business production losses 

Results of the modeling indicate an overall reduction in total expected 
annual damages of about 67 percent, with specific reductions in damages 
and losses as follows: 

• Structure and contents flood damages would be reduced by 72 percent 

• Crop damages due to flooding would be reduced by 6 percent 

• Business production losses would be reduced by 72 percent 

 Benefits to Local and Regional Economies 8.14.2
Reduction in flood damages is only one aspect of the potential economic 
benefits of the SSIA. As illustrated in Figure 8-14, flood risk reduction 
improvements can also provide both direct and indirect benefits to local, 
regional, and State economies. Additional details can be found in the 2012 
CVFPP Attachment 8H: Regional Economic Analysis for the State 
Systemwide Investment Approach. 
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Key: 
HEC-FDA = U.S. Army Corps of Engineers Hydrologic Engineer Center Flood Damage Analysis 
SSIA = State Systemwide Investment Approach 
Figure 8-14 Components of Economic Analysis 

Implementation of the SSIA would contribute to local and regional 
economic activities, as described below:  

• Increased benefits to regional economies – Implementing the SSIA 
would directly and indirectly benefit local and regional economies and 
support continued economic development in the valley.  
Implementation of the plan would reduce the potential for lost 
agricultural, commercial, and industrial production/income, and 
secondary “ripple” effects, as a result of a flood.  Construction activities 
related to SSIA implementation could be expected to boost economic 
output over the coming decades by as much as $900 million, and 
avoided business losses due to flooding could increase long-term 
economic output by over $100 million. The potential for flood-induced 
industry relocation or failure to recover to preflood levels would also be 
reduced.  In addition, construction projects resulting from 
implementation of the SSIA would be expected to boost regional short-
term employment and employment incomes, and increase regional 
economic output.  Construction activities in support of SSIA 
implementation could be expected to generate as many as 6,500 jobs 
annually over the coming decades, while reduced business losses from 
flooding could be expected to boost long-term employment.  These 
employment economic benefits would also enhance the revenues of 
local governments through increased income and sales taxes.  
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• Enhanced agricultural sustainability – Central Valley agriculture is a 
critical sector of the State economy that provides and supports reliable, 
affordable food and fiber production, both domestically and on a global 
scale. Agricultural and associated processing industries and services 
also account for a considerable portion of local employment. Flood 
management improvements would reduce direct crop damages. 
Improved flood protection would result in an increased ability to obtain 
favorable crop insurance coverage and rates. Similarly, improved 
protection would also increase the ability to obtain agricultural loans 
with favorable terms. As a result, flood management improvement has 
the potential to contribute to improved agricultural sustainability. Over 
90 percent of the citizens in rural-agricultural areas and small 
communities within the SPFC Planning Area could receive additional 
flood protection by levee improvement measures, flood proofing, and 
relocation opportunities presented in the SSIA. 

• Reduced disruption of public services – In addition to reducing 
physical damages to structures and infrastructure, flood management 
improvements would reduce potential disruption of critical public 
services needed to maintain the health, safety, and welfare of the 
population. These critical functions include emergency services, 
transportation, health care, education, and public utilities (water and 
wastewater, electricity, natural gas, and communications). Interruption 
of these services and functions would greatly affect socioeconomic 
conditions in the region and its economic and industrial diversity.  The 
2012 CVFPP has not quantitatively assessed the loss of critical public 
services, but has estimated the number of critical facilities exposed to 
flood hazards. 

 Improved Public Health and Safety 8.14.3
A primary objective of the SSIA is to protect the citizens living and 
working in the floodplains of the Central Valley.  

• Reduced potential for injuries and loss of life – When fully 
implemented, the SSIA would significantly reduce the potential for 
flooding in urban areas and other population centers, thereby reducing 
the direct threats posed by flooding to public safety, including the 
potential for injury or loss of life. Implementation of the SSIA would 
result in an increase in the population receiving at least a 100-year (1% 
annual chance) level of flood protection from the current 21 percent to 
over 90 percent. Additional reductions in the potential for loss of life 
would be achieved as a result of nonstructural flood mitigation, such as 
improved flood emergency response, operations and maintenance, and 
floodplain management measures. 
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HEC-FDA was used to estimate life risk indicators and inform the 
decision-making process.  However, these values are NOT forecasts of 
deaths expected to occur from flood events, to be used for emergency 
planning or other purposes.  Instead, these values are informative indices 
of life risk, providing a metric for assessing the reduction in life risk 
attributable to the SSIA.  Based on the analysis, the SSIA was shown to 
reduce life risk by about 49 percent compared with current conditions.  

The economic and life safety benefits for the SSIA described above do 
not include benefits attributable to projects that were recently completed 
or are currently under construction. Therefore, the overall benefits of the 
SSIA described herein are considerably underestimated.   

• Reduced release of hazardous materials during floods – Floods can 
cause a release of hazardous materials resulting in increased threats to 
public health and safety. Hazardous materials and contaminants may 
exist in floodplains, including feed lots, fuel tanks, septic systems, 
water and wastewater treatment facilities, landfills, illegal dumping, 
and other sources. Improved flood management under the SSIA would 
contribute to reducing public exposure to hazardous materials released 
during floods and improve water quality by minimizing inundation to 
these critical areas. 

 Ecosystem Restoration Benefits 8.14.4
Environmental restoration is fully integrated with the flood risk reduction 
components of the SSIA. Major restoration benefits of the SSIA include the 
following: 

• Floodways would be expanded and extended to improve the flow 
carrying capacity of the channels, and the lands acquired for the 
expansion would be used for habitat restoration and environmentally-
friendly agricultural activities. Over 10,000 acres of new habitats would 
be created within the flood management system. In addition, over 
25,000 acres of land would be leased for growing grains, corn, and 
other habitat-compatible crops. Flood management system 
improvements would provide opportunities for improving ecosystem 
function and increasing habitat extent, quantity, quality, and 
connectivity from the Delta to the upper Sacramento River. Expanded 
floodways would create space for river meandering, sediment erosion 
and deposition, natural ecosystem disturbance processes, and a healthy 
diversity of riverine habitat. 

• The SSIA would improve fish passage at flood diversions, flashboard 
dams, and flood management structures. This includes connecting 
fishery habitat from Delta to Yolo and Sutter bypasses and to the Butte 
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Basin. These actions would assist in increasing and improving habitat 
connectivity and promoting the recovery of anadromous fish 
populations.  

• Changes in flood control facility operations, including directing flows 
more frequently and for longer durations over weirs and into bypasses, 
levee setbacks, and other similar measures planned under the SSIA, 
would enhance riverine processes and improve the overall health of the 
ecosystem. 

Overall, these restoration activities would contribute to improving habitat 
connectivity along the flood management system, would provide for 
migration of fish to spawning areas in the watershed, and would enhance 
riverine processes.   

 Open Space and Recreational Opportunities 8.14.5
The State’s interest in public health and sustainable economic growth are 
well supported by the quality of life benefits of nature-based recreation and 
the economic vitality provided by environmental tourism revenues.  The 
potential for recreational use of the flood control system has long been 
recognized.  In 1929, when the flood control system was under 
construction, noted landscape architect Frederick Law Olmstead Jr. 
recommended that a system of recreation lands be preserved within the 
leveed floodplains along the lower Sacramento River and other waterways.  

The SSIA includes floodplain reconnection and floodway expansion, which 
would improve ecosystem functions, fish passage, and the quantity, quality, 
and diversity of natural habitats, all of which contribute to increasing 
opportunities for recreation and ecotourism, as well as augmenting the 
aesthetic values of those areas. Expansion of habitat areas provides fishing, 
hunting, and wildlife viewing opportunities. Recreation-related spending 
associated with increased use by visitors can be an important contributor to 
local and regional economies. 

 Increasing Flood System Resiliency and Climate 8.14.6
Change Adaptability 

Climate change is expected to result in more precipitation in the form of 
rainfall, more frequent flooding, and higher peak flows. Expansion and 
extension of the bypass system under the SSIA would reduce peak flood 
stages throughout the system, increasing the flood carrying capacity of 
channels and, hence, add flexibility to manage extreme flood events and 
future climate change effects.  
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 Water Management Benefits 8.14.7
The SSIA, as an integrated flood and water management 
program, would provide opportunities for improved water 
management in many ways. While estimates of water 
management benefits will be quantified for the 2017 
CVFPP, DWR expects that the average annual water 
management benefits of the SSIA may approach a few 
hundred thousand acre-feet compared to No Project. SSIA 
elements that could contribute to improved water 
management include reservoir operations and increases in 
channel groundwater recharge due to expansion and 
extension of the bypass system. 

• Reservoir operation – The F-CO program is 
designed to modify operation of reservoirs in a way 
that will improve flood management and also provide 
opportunities for more aggressive refilling of 
reservoirs during dry years. Such operations could 
increase water supplies within reservoirs, especially in 
dry years when the water supply system is most 
stressed. Water supply benefits from F-BO would vary 
depending on current reservoir operation manual 
requirements, watershed hydrology, flexibility in 
reservoir operation (i.e., adequate release capacity), 
quality of reservoir inflow forecasts, etc. Therefore, a 
case-by-case study of flood management reservoirs 
will be needed to adequately define and quantify the 
potential benefits of reservoir F-BO. 

• Groundwater recharge – Groundwater aquifers are 
naturally recharged through various processes, 
including percolation of precipitation and infiltration 
of water from lakes, canals, irrigation and in-channel 
groundwater recharge. Implementation of the SSIA 
includes expansion and extension of the bypass 
system and levee setbacks. These actions would 
expand flood system lands by an additional 35,000 to 
40,000 acres, which would be flooded during high 
water and contribute to in-channel and floodplain 
groundwater recharge. 

Effects of  
State Systemwide 

Investment Approach 
Implementation on  

Land Use 
Preliminary analyses indicate that 
with implementation of the SSIA it 
is expected that: 
• 100 percent of urban areas 

protected by SPFC facilities 
attain 200-year level of flood 
protection 

• About 20 of the small 
communities in the SPFC 
Planning Area (from a total of 
27) will attain 100-year level of 
flood protection.  The rest of 
the small communities are 
expected to get flood protection 
through nonstructural means, 
including raising, flood 
proofing, and relocation of 
structures 

• About 90 percent of residents 
in small communities within the 
SPFC Planning Area will 
receive at least 100-year flood 
protection 

• In rural areas, the level of flood 
protection will increase slightly; 
in the Sacramento River Basin, 
rural areas receiving a 25-year 
or higher level of protection 
would increase by about 6 
percent, while the San Joaquin  
River Basin will increase 
slightly 

• About 10,000 acres of 
agricultural lands would be 
converted to environmental 
habitat restoration within the 
expansion of the bypass 
systems  
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 Reduced Long-Term Flood System Management 8.14.8
Costs 

Although not quantified for the 2012 CVFPP, the SSIA was developed to 
reduce the overall, long-term costs associated with flood management in 
the Central Valley.  This includes the following: 

• Reduced long-term emergency response and recovery needs 

• Reduced long-term operations and maintenance costs 

• Efficiency through regional approaches to permitting and regulatory 
needs 

8.15 Land Use 

SPFC improvements under the SSIA provide for higher levels of flood 
protection for existing land uses without taking actions that may encourage 
changes to those uses. Elements of the SSIA have been carefully 
formulated to reduce flood risk in the area protected by SPFC facilities 
while avoiding land use changes that promote growth in deep floodplains 
and increase State flood hazard liabilities. Improved flood protection with 
the SSIA enhances the likelihood that activities associated with each 
existing land use will continue to thrive. 

Following is a summary of land use conditions under the SSIA: 

• Urban Land Use – Urban and urbanizing areas within the SPFC 
Planning Area would achieve a minimum of 200-year (0.5% annual 
chance) flood protection, as specified by legislation. Legislation 
requires each city and county within the Sacramento-San Joaquin 
Valley to amend its general plan to include data, analysis, goals, and 
policies for protection of lives and property, and related feasible 
implementation measures. DWR will make data, analysis, and 
information gathered for the CVFPP available to local agencies for 
inclusion in their amended general plans. In addition, these local 
entities are required to amend their zoning ordinances to be consistent 
with their general plans. As a result, urban development would continue 
based on sound planning; however, the SSIA does not promote urban 
development in floodplains beyond existing urban/urbanizing areas. 

• Small Community Land Use – The SSIA supports the continued 
viability of small communities within the SPFC Planning Area to 
preserve cultural and historical continuity and important social, 
economic, and public services to rural-agricultural populations, 
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agricultural enterprises, and commercial operations. Under the SSIA, 
several small communities within the SPFC Planning Area would 
achieve 100-year (1% annual chance) flood protection through 
structural means such as ring levees, where feasible. This would 
preserve small community development opportunities within specific 
boundaries without encouraging broader urban development. For other 
small communities where structural improvements are not feasible, the 
SSIA proposes nonstructural means such as flood proofing and 
elevating structures to support continued small communities land use, 
providing feasible flood protection in a way that is not growth-
inducing. 

• Rural-Agricultural Area Land Use – The SSIA includes 
improvements for rural-agricultural flood protection, but excludes 
participation in flood projects to achieve 100-year (1% annual chance) 
flood protection that would be growth-inducing and, thus, increase 
potential flood risks. The SSIA includes many elements to 
preserve rural-agricultural viability, such as purchase of 
conservation easements to preserve agriculture and prevent 
urban development, when consistent with local land use 
planning and in cooperation with willing landowners. 
Because expansion of floodways would be primarily in rural-
agricultural areas, some loss of agricultural land would 
occur. However, based on preliminary planning, 75 percent 
of additional land needed for bypass expansion would 
continue to be farmed. The remaining 25 percent that would 
be subject to more frequent flooding would be converted to 
ecosystem uses. 

The State will work with FEMA’s National Flood Insurance 
Program to promote the continued sustainable rural-
agricultural economy and to examine opportunities to 
provide affordable flood insurance for low risk agricultural 
and farming structures in the floodplain. 

• Ecosystem/Open Space Land Use – Opportunities for 
ecosystem and open space land use would increase within the 
footprint of the flood management system facilities, 
especially through expansion of bypasses and select areas 
where setback levees for multiple benefits prove feasible. 
This net increase in habitat area should contribute to flood 
risk reduction and ecosystem restoration and enhancement, 
while providing for open space and recreational opportunities in rural 
areas.  

Limiting Growth in 
Central Valley 
Floodplains 

SSIA improvements are 
designed to discourage growth 
in rural floodplains with the 
intention of reducing flood risks. 
The State does not promote 
flood management 
improvements that would induce 
growth in rural areas. 

Urban flood risk reductions 
under the SSIA will be limited to 
areas protected by facilities of 
the State Plan of Flood Control.  

Agricultural conservation 
measures proposed by the SSIA 
are also designed to limit 
conversion of agricultural land to 
urban uses, and to preserve the 
robust agricultural economy of 
the Central Valley. 
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Feather River Setback Levee was constructed for multiple benefits 
including improved flow conditions 

• Setback levees along some reaches of the main rivers may increase 
habitat area. These setbacks are likely to be most feasible in reaches 
where there are known levee conditions that would be difficult to 
correct with fix-in-place methods, operations and maintenance 
problems exist, channel hydraulic performance would be significantly 
improved, regional flood risk reduction benefits would be realized, 
and/or there is an opportunity for uniquely valuable ecosystem 
restoration.  

 

 

8.16 Implementing and Managing State 
Systemwide Investment Approach 

The SSIA is a broad plan for flood system improvements and additional 
work is needed to refine its individual elements. Some elements have 
already been completed (since 2007), others will be accomplished before 
the first update of the CVFPP in 2017, and many will require additional 
time to fully develop and implement. Ongoing planning studies, 
engineering, feasibility studies, designs, funding, and partnering are 
required to better define, and incrementally fund and implement, these 
elements over the next 20 to 25 years. 

In general, DWR will continue to prioritize its implementation efforts on 
the most significant flood risks. However, some critical elements could 
take longer to implement because of complexity, local and federal interest, 
and funding that will be made available incrementally over the next few 
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decades. While implementation must occur incrementally, the accumulated 
outcome will be a sustainable flood management system.  

Implementing and managing the SSIA includes the following: 

• Flood management programs 

• Levee vegetation management strategy 

• Removal and addition of SPFC facilities 

• Refining flood system improvements, through regional flood 
management plans, assisting local agencies in their land use planning, 
Central Valley Integrated Flood Management Study, State basin-wide 
feasibility studies, and program coordination, communication, and 
integration 

• Recognition of accomplishments between 2007 and 2011, and near-
term priority actions for flood management programs between 2012 and 
2017 

• Costs and time to implement the SSIA 

• Financing strategy for SSIA implementation 

• CVFPP approvals and related roles and responsibilities of partner 
agencies 

• Implementation challenges and uncertainties related primarily to 
funding availability, budgetary issues, economic activities, programs, 
policies, and permitting 
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9.0 Local and Regional Project 
Summaries 

To support development of the 2012 CVFPP, local and regional project 
concepts were collected from partners, stakeholders, and other interested 
parties through the CVFPP communication and engagement process 
(Phases 1 and 2). These project concepts address a wide array of local, 
regional, and systemwide problems and opportunities, and include various 
types of management actions. 

Initial research has been conducted and information gathered for each 
proposed project concept has been summarized. Collected information was 
used to inform plan formulation activities. The summaries include 
information about the project concepts, such as project location, project 
proponents, project purpose, project status, extent of benefits, 
implementation costs, and implementation considerations. 

Proposed projects and project concepts are listed in Table 9-1. In addition, 
summary forms for 56 project concepts for which information has already 
been gathered are also included in Attachment 7a: Local and Regional 
Project Summaries. 

Note that the information in Table 9-1 and Attachment 7a completed for 
the 2012 CVFPP are a work in progress.  Some information is missing or 
incomplete, but will be updated in support of the 2017 CVFPP as project 
concepts are further developed and some projects are implemented in 
coordination with partner agencies. For more information regarding 
regional planning and implementation, see Section 4 of the 2012 CVFPP. 

Because of the preliminary status of this project information, no attempt 
has been made to evaluate the feasibility of the project concepts at this 
level of development. Local and regional projects not included in this 
attachment are not precluded from participation in State programs. 
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Table 9-1.  Local and Regional Project Concepts – Summary Status 
Project Name Planning Area 

Complete Middle Creek project by completing land acquisition, 
environmental restoration, and levee decommissioning Lower Sacramento 

Fix Cache Creek Settling basin to secure another 50 to 100 years life in the 
project Lower Sacramento 

Stabilize Cache Creek through grade control structures and other 
measures Lower Sacramento 

Consider additional floodplain storage within Cosumnes River preserve Lower Sacramento 
Consider Sacramento DWSC or construct peripheral canal along DWSC as 
bypass Lower Sacramento 

Consider Stone Lakes Refuge Bypass Lower Sacramento 
Rehabilitate and provide operable gates for Sacramento Weir Lower Sacramento 
Rehabilitate Knights Landing Outfall structure and provide for fish exclusion Lower Sacramento 
Acquire flood easement over Conaway Ranch Lower Sacramento 
Remove sediment and rehab structure as necessary at Fremont Weir Lower Sacramento 
Remove Yolo Short Line RR as obstruction in Yolo Bypass flow Lower Sacramento 
Review and modify bypass channel vegetation as necessary to maintain 
proper balance of storage and conveyance in upper Butte Basin Upper Sacramento 

Stabilize Cherokee Canal watershed to reduce sediment transport and 
long-term O&M costs Upper Sacramento 

Modifications to the 3Bs Flood Relief Structure  Upper Sacramento 
Construct peak overflow detention basins in the Colusa Basin Drainage 
Area. Upper Sacramento 

Colusa Drain improvements Upper Sacramento 
Protect M&T pumping facilities Upper Sacramento 
Secure meander zones along upper Sacramento River where infrastructure 
is threatened Upper Sacramento 

Remove sediment and rehab structure as necessary at Moulton Weir Upper Sacramento 
Remove sediment and rehab structure as necessary at Colusa Weir Upper Sacramento 
Raise Woodson Bridge Upper Sacramento 
Construct peak overflow detention basins on streams in Tehama County Upper Sacramento 
Construct peak overflow detention basins on streams in Glenn County Upper Sacramento 
Construct peak overflow detention basins on streams in Butte County Upper Sacramento 
Construct peak overflow detention basins on streams in Shasta County Upper Sacramento 
Gravel augmentation at Cottonwood Creek Upper Sacramento 
Construction of control structures along Burch and Jewett creeks Upper Sacramento 
Stabilize Sycamore Creek erosion through construction of grade control 
structures Upper Sacramento 

Rehabilitate Chico Creek Diversion Structure Upper Sacramento 
Deer Creek Levee Setback and Environmental Enhancement Project; 
Lower Deer Creek Flood Reduction and Fisheries Restoration Project Upper Sacramento 

Remove sediment and rehab structure as necessary at Tisdale Weir Upper Sacramento 
Protect Woodson Bridge hard point Upper Sacramento 
Acquire or expand on Egbert Tract to secure overflow capacity Delta 



 9.0 Local and Regional Project Summaries 

January 2012 9-3 
Public Draft 

Table 9-1.  Local and Regional Project Concepts – Summary Status (contd.) 

Project Name Planning Area 
Acquisition and complete restoration of Prospect Island Delta 
Acquisition and complete restoration of Liberty Island Delta 
Removing sunken ships in the channel/dredging Delta 
Modify marina to south of McCormack-Williamson Tract in north Delta Delta 
Bank stabilization in Delta Delta 
Clifton Court Forebay operations Delta 
Staten Island Bypass Delta 
Consider McCormack-Williamson as bypass Delta 
Silt/sand bar removal along lower San Joaquin river Lower San Joaquin 
Modifications to previous seismic projects on the Stanislaus River near 
San Joaquin River confluence Lower San Joaquin 

Vegetation removal along Mokelumne River Lower San Joaquin 
Vegetation removal and bank stabilization in the Coral Hall Road area, San 
Joaquin County Lower San Joaquin 

Restore existing bypass on Mormon Channel from Calaveras River Lower San Joaquin 
Divert flow from Stockton Diverting Canal to Mormon Channel Lower San Joaquin 
New control structure on Dry Creek below Don Pedro and/or at Tuolumne 
confluence Lower San Joaquin 

Construct setback levees at Reclamation District 17 Lower San Joaquin 
Construct wing levees (WaltHall levee) Lower San Joaquin 
Channel modifications to Tuolumne River downstream from Dry Creek Lower San Joaquin 
Protect cultural resources (i.e. Parkway – Dumna Tribal village site) Upper San Joaquin 
Consider dredging Chowchilla Bypass Upper San Joaquin 
Consider dredging Mendota Pool Upper San Joaquin 
Consider dredging San Joaquin River below Washington Road Upper San Joaquin 
Consider bank stabilization along Chowchilla Bypass Upper San Joaquin 
Consider bank stabilization near Mendota and Firebaugh Upper San Joaquin 
Reduce flow constrictions along Ash Slough and Berenda Slough Upper San Joaquin 
Repair/modify Los Banos Creek culverts Upper San Joaquin 
Consider Mendota Pool bypass Upper San Joaquin 
Consider structural modifications to Mariposa bypass Upper San Joaquin 
Consider modifying Kings River Bypass near San Mateo Road Upper San Joaquin 
Consideration of Bear Creek and Black Rascal Creek bypasses Upper San Joaquin 
Consider Westside IRWM projects Upper San Joaquin 
Pioneer Site seepage berm Lower Sacramento 

Levee repair of 25 erosion sites Sacramento River Bank Protection Project Upper and Lower 
Sacramento 

South Sacramento County Streams Project Union House Creek channel 
upgrades Lower Sacramento 
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Table 9-1.  Local and Regional Project Concepts – Summary Status (contd.) 

Project Name Planning Area 
San Joaquin Area Flood Control Agency Smith Canal closure 
conceptualization Lower San Joaquin 

Lower San Joaquin River Feasibility Study Lower San Joaquin 
American River Common Features PAC and GRR Lower Sacramento 
Frazier Creek/Strathmore Creek Feasibility Study Upper San Joaquin 
Woodland/Lower Cache Creek General Investigation Lower Sacramento 
Merced County Streams Feasibility Study and GRR Upper San Joaquin 
Rock Creek/Keefer Slough Feasibility Study Upper Sacramento 
Sutter Basin Feasibility Study  Lower Sacramento 
West Sacramento Area Flood Control Agency Project and GRR Lower Sacramento 
West Stanislaus County/Orestimba Creek Feasibility Study  Lower San Joaquin 
White River/Deer Creek Feasibility Study  Upper San Joaquin 
Yuba River Basin Project GRR  Lower Sacramento 
Mid-Valley Area Reconstruction Project Lower Sacramento 

Sacramento River Flood Control System Evaluation Upper and Lower 
Sacramento 

Hamilton City Flood Damage Reduction and Ecosystem Restoration Upper Sacramento 
Putah Creek Flood Reduction and Habitat Improvement Project Lower Sacramento 
Floodplain Expansion and Ecosystem Restoration at Dos Rios Ranch Lower San Joaquin 
Elk Slough Area Flood and Habitat Improvement Project Lower Sacramento 
Sutter Basin Flood Corridor Conservation Project Lower Sacramento 
Colusa Ring Levee Flood Protection and Wildlife Benefit Project Lower Sacramento 
The Lower San Joaquin River Flood Bypass Lower San Joaquin 
Elkhorn Basin Ecosystem Restoration Project Lower Sacramento 
Koptka Slough Restoration Project Upper Sacramento 
Key: 
DWSC = Deep Water Ship Channel 
GRR = General Reclamation Report 
IRWM = Integrated Regional Water Management 
O&M = operations and maintenance 
PAC = Post-Authorization Change 
RR = railroad 
USACE = U.S. Army Corps of Engineers 
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11.0 Acronyms and Abbreviations 
AB .............................. Assembly Bill 

AEP ........................... annual exceedence probability 

BDCP  ....................... Bay-Delta Conservation Plan  

Board ......................... Central Valley Flood Protection Board 

CalEMA ..................... California Emergency Management Agency 

CEQA ........................ California Environmental Quality Act 

cfs .............................. cubic foot per second 

CGC .......................... California Government Code 

Comprehensive Study Sacramento and San Joaquin River Basins 
Comprehensive Study 

CVFED ...................... Central Valley Flood Evaluation and Delineation 
Program used only twice 

CVFMP ...................... Central Valley Flood Management Planning used 
only once 

CVFPP ...................... Central Valley Flood Protection Plan 

CVFSCS .................... Central Valley Flood System Conservation Strategy 

CVIFMS ..................... Central Valley Integrated Flood Management Study 

Delta .......................... Sacramento-San Joaquin Delta 

Descriptive Document  State Plan of Flood Control Descriptive 
Document 

DFG ........................... California Department of Fish and Game  

DNM .......................... does not meet criteria 

DOF ........................... California Department of Finance 

DWR .......................... California Department of Water Resources 

DWSC ....................... Deep Water Ship Channel 

EAD ........................... expected annual damages 

ETL ............................ Engineering Technical Letter 

F-BO .......................... forecast-based operations 

F-CO .......................... Forecast-coordinated operations 

FCSSR ...................... Flood Control System Status Report 

FDA ........................... Flood Damage Assessment 

FEMA ........................ Federal Emergency Management Agency 
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FloodSAFE ................ FloodSAFE California 

FPZ ............................ Flood Protection Zone 

GRR ........................... General Reevaluation Report 

HEC ........................... Hydrologic Engineering Center 

IRWM ......................... integrated regional water management 

LD .............................. lacking sufficient data 

LOP ........................... level of protection 

MG ............................. marginal in meeting criteria 

NULE ......................... Non-Urban Levee Evaluations 

NWS .......................... National Weather Service 

O&M .......................... operations and maintenance 

PAC ........................... Post Authorization Change 

PEIR .......................... Program Environmental Impact Report 

PGL  .......................... Policy Guidance Letter 

PRC ........................... Public Resources Code 

Proposition 1E ........... Disaster Preparedness and Flood Prevention Bond 
Act 

Proposition 84 ............ Safe Drinking Water, Water Quality and Supply, 
Flood Control Protection Bond Act 

RCR ........................... Regional Conditions Report – A Working Document 

Reclamation ............... U.S. Department of the Interior, Bureau of 
Reclamation 

SAFCA ....................... Sacramento Area Flood Control Agency 

SB .............................. Senate Bill 

SEMS ........................ Standardized Emergency Management System 

SPFC ......................... State Plan of Flood Control 

SSIA .......................... State Systemwide Investment Approach 

State .......................... State of California 

SWP .......................... State Water Project 

TNC ........................... The Nature Conservancy 

TRLIA ........................ Three Rivers Levee Improvement Authority 

ULE ............................ Urban Levee Evaluations 

USACE ...................... U.S. Army Corps of Engineers 

USFWS ...................... U.S. Fish and Wildlife Service 
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1.0 Local and Regional Project Summaries 

1.0 Local and Regional Project 
Summaries 

Draft local/regional project summary forms for 56 projects are provided on 
the following pages. The information was gathered to supplement what was 
presented in Section 9 of Attachment 7: Plan Formulation and support plan 
formulation activities during Phases 1 and 2 of 2012 Central Valley Flood 
Protection Plan (CVFPP) development.  Initial research has been conducted 
and information gathered for each local/regional project. The summaries 
include information about the project type, location, project proponents, 
and a brief description and status as of 2011. 

Note that the information in this attachment completed for the 2012 CVFPP 
is a work in progress.  Some information is missing or incomplete, but will 
be updated in support of the 2017 CVFPP as project concepts are further 
developed and some projects are implemented in coordination with partner 
agencies. For more information regarding regional planning and 
implementation, see Section 4 of the 2012 CVFPP. 

Because of the preliminary status of this project information, no attempt 
has been made to evaluate the feasibility of the project concepts at this 
level of development. Local and regional projects not included in this 
attachment are not precluded from participation in State programs. 
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 1.0 Local and Regional Project Summaries 

1.1 Middle Creek Flood Damage Reduction and 
Ecosystem Restoration Project 

Project Type:  Floodplain Management 

Location Information: 

• Region – Lower Sacramento 

• Subregion – Cache Creek 

• Location – The Project is located at the north end of Clear Lake in the 
area bounded by State Highway 20 and Rodman Slough, see Middle 
Creek Location Map 

• Community Setting – Nonurban (18 residences, 1,650 acres of 
agricultural land) 

Project Proponents: 

• Lead Agency – Lake County Flood Control and Water Conservation 
District 

• Potential Partners – U.S. Army Corps of Engineers (USACE), Central 
Valley Flood Protection Board, California Department of Fish and 
Game (DFG)/Wildlife, Conservation Board, California State Water 
Resources Control Board (SWRCB), Central Valley Regional Water 
Quality Control Board (Central Valley Water Board), California Bay-
Delta Authority, California Department of Water Resources (DWR), 
local Native American tribes, Resource Conservation Districts, Lake 
County Special Districts, Lake County watershed groups, nonprofit 
organizations 

• Contact Information – Robert L. A. Lossius, Assistant Public Works 
Director 

Description: 

• Purpose – The project will eliminate flood risk to 18 residential 
structures, numerous outbuildings, and approximately 1,650 acres of 
agricultural land (through removal and relocation), and will restore 
damaged habitat and the water quality of the Clear Lake watershed. 
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• Concept – The project encompasses about 1,650 acres, extending from 
the current shoreline of Clear Lake to the 100-year floodplain 
boundary. This would restore the entire floodplain in the study area, 
with the exception of the tribal lands adjacent to the study area. The 
project plan focuses on reconnecting the floodplain of Middle Creek to 
the historic Robinson Lake wetland area by breaching the existing levee 
system to create inlets that direct flows into the study area and 
providing flood damage reduction by relocating residents from the 
floodplain. 

To accomplish this, a portion of the Middle Creek Project levee from 
the confluence of Scotts and Middle creeks to Clear Lake would need 
to be reauthorized and breached. Channels and sloughs would also be 
constructed to direct creek flows from the breaches through the study 
area to Clear Lake. A ring levee would be constructed to provide an 
existing level of protection for the tribal lands. Implementation of this 
alternative would result in 765 acres of wetlands, 230 acres of riparian, 
405 acres of open water, and 250 acres of upland habitat. 

This project would also require that all structures and personal property 
be removed from the study area. A total of 22 structures and associated 
infrastructure (septic tanks, plumbing, and electrical) would be 
demolished and removed from the project area. Wells would be 
abandoned and capped as required by county and State standards. 
Property owners would be compensated and relocated outside the 
floodplain. All current agricultural practices within the floodplain 
would be discontinued. 

• See Middle Creek Project Map. 

• Relation to SPFC Facilities – To Be Determined  

Project Status: Design (2008 – 2010); Construction (2012 – 2015) 

Applicable Management Action(s):  Floodplain Management – 
Easements/Acquisitions. 

Contribution to CVFPP Goals:  

• Primary Goal – Improve Flood Risk Management. 

• Supporting Goals – Improve Operations and Maintenance (O&M), 
Promote Ecosystem Functions, Promote Multi-Benefit Projects. 

1-4 January 2012 
 Public Draft 



 1.0 Local and Regional Project Summaries 

Extent of Benefit Area:  Regional: flooding benefits in the local area plus 
sediment loading reduction in Clear Lake. 

Potential to Provide Multi-Benefits:  

• Flood Damage Reduction Benefit:   

- Reduce flood risk by removing structures and property at risk of 
severe flooding as a result of levee failure. There are 18 homes and 
numerous outbuildings subject to flooding should the levees fail. 
Approximately 1,650 acres of agricultural land would be flooded. 
Because flood depths are great (more than 5 feet in most locations) 
and would extend for extended periods, potential flood damages are 
high. 

- Protect more than 3 miles of public roads and a major, high-voltage 
Pacific Gas and Electric Company (PG&E) transmission line, which 
cross the project area and are currently vulnerable to flood damage, 
by elevating or retrofitting the existing structures. 

- The DWR currently maintains the Middle Creek Flood Control 
Project in the project area. The project would remove 
approximately 3 miles of substandard levees, one pumping station, 
and one weir structure from the Flood Control Project. The project 
would result in lower O&M ($110,000 to $160,000 per year) and 
emergency response costs (estimated in excess of $300,000 per 
major flood event) for DWR and cooperating State and federal 
agencies. 

• Ecosystem Restoration: 

- Restore up to 1400 acres of the 7,520 acres of historic wetlands in 
the Clear Lake Basin that have either been lost or severely 
impacted. This is a 79 percent increase in the basin’s existing 
wetland habitat. Of the historic 9,300 acres of freshwater wetlands 
that existed in the Clear Lake Basin, approximately 7,520 acres (80 
percent) have been lost or severely impacted. Restored habitat 
includes open water, seasonal wetlands, instream aquatic habitat, 
shaded aquatic habitat, and perennial wetlands. Additional upland 
habitat will be protected adjacent to the wetland and stream areas. 

- Provide a significant increase in habitat for fish and wildlife. This 
project would greatly improve the bird-nesting habitat and increase 
the available spawning habitat for native and nonnative fish. The 
area is currently used extensively by migratory waterfowl.  
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- Preserve the fish and wildlife resources and the cultural resources in 
the project area. 

- Several special-status wildlife species could benefit from the 
creation of wetland, open water, and riparian habitats in the 
expanded floodplain. Some species include the northwestern pond 
turtle (Actinemys marmorata marmorata), American white pelican 
(Pelecanus erythrorhynchos), double-crested cormorant 
(Phalacrocorax auritus), western least bittern (Ixobrychus exilis), 
osprey (Pandion haliaetus), white-tailed kite (Elanus leucurus), 
bald eagle (Haliaeetus leucocephalus), northern harrier (Circus 
cyaneus), Cooper's hawk (Accipiter cooperii), American peregrine 
falcon (Falco peregrines anatum), California yellow warbler 
(Dendroica petechial), yellow-breasted chat (Icteria virens), 
tricolored blackbird (Egelaius tricolor), fringed myotis (Myotis 
thysanodes), long-eared myotis (Myotis septentrionalis), long-
legged myotis (Myotis volans), pallid bat (Antroxous pallidus), and 
Townsend's western big-eared bat (Corynorhinus townsendii 
townsendii). 

• Water Supply 

- Sediment is the primary nutrient source (97 percent of Clear Lake's 
total phosphorus load is sediment bound) contributing to the 
cultural eutrophication of Clear Lake. It has been estimated that the 
current sediment and phosphorus load is twice the pre-European 
sediment load. Approximately 71 percent of the sediment and 
phosphorus entering Clear Lake is from Scotts and Middle Creek 
watersheds. It has been estimated that the project would remove up 
to 40 percent of phosphorus entering Clear Lake from Middle and 
Scotts creeks. Reduced phosphorus concentrations in Clear Lake 
would potentially reduce the chlorophyll concentrations by 33 
percent. A corresponding reduction in total organic carbon would 
also be realized; 

- Wetlands are known to efficiently remove nitrogen from the water 
column. Because the project area is hydraulically connected to 
Clear Lake, it would provide some nitrogen removal benefits to 
Clear Lake. These benefits are unknown and have not been 
quantified; 

- Improved water quality in Clear Lake will reduce the cost of 
treating lake water to drinking water standards. 
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• Recreation and Other Benefits 

- Recreation and tourism will be enhanced by improving the water 
quality in Clear Lake. In 1994, the U.S. Department of Agriculture 
(USDA) Soil Conservation Service estimated that $7 million in 
tourism is lost annually due to water-quality issues in Clear Lake. 

Implementation Cost:  $38 million 

Implementation Considerations 

• Redirected Hydraulic Impacts – Flood protection is provided by 
removing the existing structures and allowing the natural flooding to 
occur in the project area. This should not negatively impact flooding in 
surrounding areas. 

• Adverse Environmental Impact and Regulatory Issues – 
Environmental Impact Statement (EIS) reports positive permanent 
impacts and only temporary (construction related) negative impacts 
(noise, fisheries, recreation, aesthetics). See Table S-1 from Feasibility 
Study (EIS)/Environmental Impact Report (EIR) 

• Other 

Associated Studies: 

Feasibility Study/EIS/EIR, Available: 
<http://www.water.ca.gov/floodmgmt/fpo/sgb/fpcp/prop13/proposals/4006
_MiddleCreek/Feasibility_Report.pdf >, Note: Table S-1 is available, 
<http://www.water.ca.gov/floodmgmt/fpo/sgb/fpcp/prop13/proposals/4006
_MiddleCreek/executive_summary_table.pdf>  

References: 

Project Summary Sheet, Available: 
<http://www.water.ca.gov/floodmgmt/fpo/sgb/fpcp/prop13/proposa
ls/4006_MiddleCreek/4006_Middle_Creek_Summary.pdf > 

Project Summary Sheet 2, Available: 
<http://www.water.ca.gov/floodmgmt/fpo/sgb/fpcp/prop13/proposa
ls/4006_MiddleCreek/4006summary.pdf> 

Flood Protection Corridor Program (FPCP) Grant Application, Available: 
<http://www.water.ca.gov/floodmgmt/fpo/sgb/fpcp/prop13/proposa
ls/4006_MiddleCreek/Application.pdf> 
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Middle Creek Restoration Web page, Available: 
<http://www.co.lake.ca.us/Government/Directory/Water_Resources
/Department_Programs/Middle_Creek.htm>  

1-8 January 2012 
 Public Draft 

http://www.co.lake.ca.us/Government/Directory/Water_Resources/Department_Programs/Middle_Creek.htm
http://www.co.lake.ca.us/Government/Directory/Water_Resources/Department_Programs/Middle_Creek.htm


 1.0 Local and Regional Project Summaries 

1.2 Cache Creek Settling Basin Floodway Bypass 

Project Type: Floodplain Management 

Location Information: 

• Region – Lower Sacramento 

• Subregion – Cache Creek 

• Location – Woodland, California. Near Interstate (I-) 5 and State Route 
113. 

• Community Setting – Small community 

Project Proponents: 

• Potential Lead Agency – Yolo County Flood Control and Water 
Conservation District (see Cache Creek Organizational Structure) 

• Potential Partners – City of Woodland, Yolo County, Central Valley 
Flood Protection Board (legal owner and operator) 

• Contact Information – Frank Borcalli (FloodSAFE Yolo) 

Description: 

• Purpose – Relieve flooding associated with poor hydraulics through 
the Cache Creek Settling Basin (severe flood events only). 

• Concept – The Cache Creek Settling Basin is currently used to trap 
mercury-laden sediments before Cache Creek enters the Yolo Bypass, 
reducing sediment loading inside the bypass.  In 1992, modifications 
were made to the settling basin (new levees, increased height on 
existing levees) with the intent of trapping additional sediment; 
however, the unintended result was increased flooding in the area.  The 
proposed modification would move the levees north and west to create 
a floodway that would be used to bypass the settling basin during 
severe flood events (see Cache Creek Map). 

• Relation to SPFC Facilities – To Be Determined 

Project Status:  FloodSAFE Yolo presentation (June 22, 2009) targeted 
October 2009 for conducting the Feasibility Study, but no documentation 
was found. floodSAFE Yolo’s Web site only has information through mid-
2009. 
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Applicable Management Action(s): System Modifications – Bypasses. 

Contribution to CVFPP Goals:  Indicates the draft 2012 CVFPP goal to 
which the project is likely to contribute to. Because each project has the 
potential to contribute to more than one goal, all applicable goals are 
identified.  

• Primary Goal – Improve Flood Risk Management. 

• Supporting Goals – Promote Multi-Benefit Projects. 

Extent of Benefit Area:  Local benefits through flood mitigation. Potential 
regional costs due to increased sediment transport into Yolo Bypass and 
downstream.  

Potential to Provide Multi-Benefits: 

• Flood Damage Reduction Benefit – Bypass floodway would reduce 
flooding in Woodland. 

• Ecosystem Restoration – Possible restoration applications. 

• Water Supply – Not applicable. 

• Recreation and Other Benefits – Not applicable. 

Implementation Cost: Not available 

Implementation Considerations: 

• Redirected Hydraulic Impacts – The area downstream from this 
project is the Yolo Bypass, which is designed to handle large flood 
volumes. Reducing flooding in the Cache Creek Settling Basin 
probably will not result in overtopping of the bypass, unless significant 
sediment loading reduces the capacity (see below). 

• Adverse Environmental Impact and Regulatory Issues – The issues 
identified below address the complete removal of the settling basin, not 
just the addition of the floodway bypass: 

- Sediment disposition in the Yolo Bypass would inundate and render 
useless 435 acres of abandoned industrial waste oxidation ponds 
owned by the City of Woodland. 
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- Backwater effects caused by the sediment deposited in the Yolo 
Bypass would require the following modifications to the 
Sacramento River Flood Control Project: 

- Yolo Bypass levees would need to be raised a maximum of 2.2 feet 
from .8 miles downstream from I‐5, upstream to the Fremont Weir. 

- Knights Landing Ridge cut levees would need to be raised 1.8 feet. 

- Sacramento River levees would need to be raised a maximum of 1 
foot from the Fremont Weir to the Sacramento Bypass. 

- Dredging in the Sacramento River System and San Francisco Bay 
System would be decreased annually by 88 and 7 acre‐feet, 
respectively. 

• Other 

Associated Studies: 

To Be Determined 

References: 

Flood SAFE Yolo Cache Creek Settling Basin webpage, Available: 
<http://www.ycfcwcd.org/settlingbasin.html> 

flood SAFE Yolo Presentation: Cache Creek Settling Basin Symposium: 
Managing the Basin – Who’s Doing What? June 22, 2009. Francis 
E. Borcalli, PE. Available: 
<http://www.ycfcwcd.org/documents/CacheCreekSettlingBasinPres
entation.pdf> 

flood SAFE Yolo Fact Sheet: Floodplain Interrupted: The Story of Cache 
Creek Settling Basin. Available: 
<http://www.ycfcwcd.org/documents/FloodplainInterruptedFactShe
et.pdf> 

Flood control: Fix the Settling Basin, Opinion Piece by Dr. Bill Marble 
Chair of the Water Resources Association and Woodland City 
Councilmember. Available: 
<http://www.woodlandrecordtv.com/files/WoodlandRecordJune09
Web.pdf>  
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1.3 Project Title – Stabilize Cache Creek Through 
Grade Control Structures and Other 
Measures 

Project Type:  System Modifications 

Location Information: 

• Region – Lower Sacramento 

• Subregion – Cache Creek 

• Location – Cache Creek in Yolo County 

• Community Setting – Multiple projects through the creek basin mostly 
in nonurban areas, or small communities with a flood control goal of 
protecting an urban area (City of Woodland) 

Project Proponents:   

• Potential Lead Agency – Yolo County Flood Control Water 
Conservation District, Yolo County, City of Woodland 

• Potential Partners – Cache Creek Conservancy, Cache Creek 
Conservancy, Yolo County Resource Conservation District, Lake 
County Flood Control & Water Conservation District, Cache Creek 
Water Forum, Cache Creek Wild, Cache Creek Aggregate Producers, 
DFG, DWR, Federal Emergency Management Agency (FEMA), 
Reclamation District 2035, Riparian Landowners, State Reclamation 
Board, Town of Esparto, Town of Madison, Tuleyome, USACE, U.S. 
Bureau of Land Management, U.S. Fish and Wildlife Service (USFWS) 

• Contact Information – Fran Borcalli (floodSAFE Yolo) 

Description: 

• Purpose – Periodic high flows in Cache Creek cause extensive bank 
erosion, levee degradation, and local flooding, threatening the north and 
northeast sections of the City of Woodland and the town of Yolo. 

• Concept – A well-planned series of projects and programs will 
ultimately provide 200-year level or greater of flood protection and 
levee integrity by combining the cumulative effects of integrated 
actions throughout the Cache Creek corridor. These projects are 
collectively referred to as the Cache Creek Integrated Project, which 
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combines integrated flood management and integrated water 
management programs for Cache Creek. They are discussed in the Yolo 
County Integrated Regional Water Management Plan (IRWMP). 

• Relation to SPFC Facilities – Multiple levees and dams throughout 
the Cache Creek corridor. 

Project Status:  Most of the projects are still in the planning stage. A few 
are complete (e.g., Creation of the FloodSAFE Yolo pilot program), while 
others are in the construction stage (e.g., Capay Dam reliability/restoration 
project), and others are ongoing (e.g., Corell-Rodgers Wetlands 
Enhancement Project). 

Applicable Management Action(s):  System Modifications – 
Levees/Floodwalls/Hydraulic Structures 

Note: Different projects would address different management actions, and 
to one degree or another span all the primary management actions. The 
Yolo County IRWMP organized the Cache Creek Integrated Project within 
a framework of three elements. These are: 

• Flood Management Element (11 projects/actions). 

• Water and Aquatic Habitat Element (14 projects/actions). 

• Recreation and Riparian Habitat Element (10 projects/actions). 

Contribution to CVFPP Goals: 

• Primary Goal – Improve Flood Risk Management. 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Improve Institutional Support, Promote Multi-Benefit Projects. 

Extent of Benefit Area:  The project addresses the entire Cache Creek 
corridor and would therefore have local, regional, and systemwide benefits. 

Potential to Provide Multi-Benefits:  Different projects within the Cache 
Creek Integrated Project may contribute to different benefit categories. 

• Flood Damage Reduction Benefit – E.g., Cache Creek North Levee 
Setback project.  

• Ecosystem Restoration – E.g., Corell-Rodgers Wetlands project. 

• Water Supply – E.g., Capay Dam reliability/restoration project. 
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• Recreation and Other Benefits – E.g., Cache Creek Nature Preserve 
Improvement project. 

Implementation Cost:  Costs vary by project. E.g., Corell-Rodgers 
Wetlands Project ($70,000); Cache Creek north Levee Setback project 
($5.7 million) 

Implementation Considerations:   

• Redirected Hydraulic Impacts – The goal of the Cache Creek 
Integrated Project is to address the creek channel as a whole and 
determine how each project affects upstream and downstream impacts. 

• Adverse Environmental Impact and Regulatory Issues – Flood 
management actions, especially structural management actions, have 
the potential to adversely impact the environment while meeting other 
flood management goals.  The potential impacts of this project are yet 
to be determined. 

• Other 

Associated Studies 

Cache Creek North Levee Setback Project IS/Proposed Mitigated Negative 
Declaration and Environmental Assessment. Available: 
<http://wrca.library.ucr.edu/digitaldocs/296.pdf> 

Draft YCFCWCD-YZWD Conjunctive Use Feasibility Study.  Available: 
<http://www.ycfcwcd.org/documents/ycfc-yzwd-report_1-22-07.pdf> 

Capay Dam Apron Replacement Project IS/Proposed Mitigated Negative 
Declaration and Environmental Assessment. Available: 
<http://www.ycfcwcd.org/documents/208607-capay-ismnd.pdf> 

Cache Creek Fisheries Survey. Available: 
<http://www.yolowra.org/Library/Final%20Cache%20Creek%20Fish%20S
urvey%20Report%202008%20(revised).pdf> 

Cache Creek Settling Basin. Available: 
<http://www.ycfcwcd.org/settlingbasin.html> 

References 

Yolo County IRWMP. Available: 
<http://yolowra.org/irwmp_documents.html> 
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Water Resources Association of Yolo County. Available: 
<http://www.yolowra.org/index.html> 
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1.4 Rehabilitate and Provide Operable Gates for 
Sacramento Weir 

Project Type:  System Modifications 

Location Information: 

• Region – Lower Sacramento 

• Subregion – Sacramento 

• Location – Sacramento Weir 

• Community Setting – Urban 

Project Proponents:   

• Potential Lead Agency – DWR 

• Potential Partners – USACE 

• Contact Information – To Be Determined 

Description: 

• Purpose – Rehabilitate and provide operable gates for Sacramento 
Weir to improve operational flexibility, safety, and O&M costs.  
Sacramento is the only weir that requires manual operation for flow 
release and requires more active operations.  It is a gated low dam 
along the west bank of the Sacramento River where 48 wooden weir 
gates are manually opened  when flood stage in the Sacramento River 
at the “I” Street Bridge reach 27.5 feet above mean sea level (msl) (i.e., 
98,000 cubic feet per second (cfs)). Sacramento Weir diverts 
Sacramento River water into the Yolo Bypass when it backs up from 
American River flows. 

• Concept – Increase the frequency and duration of Yolo Bypass 
inundation via the modification of the Fremont or Sacramento weirs to 
improve fish migration, food production, and spawning and rearing 
habitat. Modifications will be made to reduce leakage at the 
Sacramento Weir and therefore reduce attraction of fish from the Yolo 
Bypass to the weir where they are blocked and could become stranded.  
This action may require excavation of a channel to convey water from 
the Sacramento River to the Sacramento Weir and from the Sacramento 
Weir to the Toe Drain, construction of new gates at a portion of the 
weir, and minor modifications to the stilling basin of the weir to ensure 
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proper basin drainage.  Specific design criteria of the ramps would need 
to be determined (BDCP, 2010). 

Rehabilitate and provide operable gates for Sacramento Weir to 
improve operational flexibility, safety, and O&M costs. 

• Relation to SPFC Facilities – Sacramento Weir 

Project Status:  Conceptual 

Applicable Management Action(s):  System Modifications – 
Levees/Floodwalls/Hydraulic Structures 

Contribution to CVFPP Goals:   

• Primary Goal – Improve flood risk management 

• Supporting Goals – Improve O&M 

Extent of Benefit Area:  Project has local and regional benefits.  

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Reduce potential flood damage if 
the Sacramento Weir were compromised or should fail, affecting the 
Sacramento Metropolitan Area, which includes residential homes, large 
infrastructure, transportation, business, and agricultural farmland. 

• Ecosystem Restoration – Sacramento Weir improvements would 
reduce juvenile fish stranding and improve upstream adult fish passage. 

• Water Supply – None 

• Recreation and Other Benefits – None 

Implementation Cost:  Unknown at this time 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Hydraulic impacts are not known at 
this time, and analysis would have to refer to the EIR if project 
approved. 

• Adverse Environmental Impact and Regulatory Issues – No adverse 
environmental impact anticipated, analysis would have to refer to the 
EIR if project approved. 
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• Other 

Associated Studies 

None 

References 
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1.5 Conaway Ranch Flood Easement 

Project Type:  Floodplain Management 

Location Information: 

• Region –Lower Sacramento 

• Subregion – Yolo 

• Location – East of Davis and Woodland 

• Community Setting – Nonurban area 

Project Proponents:   

• Potential Lead Agency – Yolo County 

• Potential Partners – To Be Determined  

• Contact Information – To Be Determined 

Description: 

• Purpose – Restrict the existing development rights to maintain the 
agricultural and open space character of the Conaway Ranch, with the 
associated fish and wildlife habitat values, while allowing the 
implementation of a multi-objective resources management program. 

• Concept – The Conaway Preservation Group (CPG) was asked to 
convey a conservation easement that will be sufficiently restrictive of 
development and use rights to support grant funding from one or more 
of the funding sources administered by the Wildlife Conservation 
Board, while at the same time being sufficiently flexible to 
accommodate the further resource management projects envisioned for 
the Conaway Ranch. 

This project was abandoned after a settlement was reached in 2006 that 
requires CPG to notify Yolo County regarding any water transfers; 
provide first right to negotiate to Yolo County for any short- or long-
term water rights transfers, or sale of the ranch; seek Yolo County's 
input for public access projects; and to pay for fees and cost of suit. 

• Relation to SPFC Facilities – SPFC Lands 

Project Status:  Abandoned 
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Applicable Management Action(s):  Floodplain Management – 
Easements/Acquisitions 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Promote Ecosystem Functions, Promote Multi-
Benefit Projects 

Extent of Benefit Area:  Project would have local benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Significantly increase flood 
protection for the Sacramento region, including Natomas and 
downtown Sacramento, by opening the proposed conservation 
easement area to accommodate periodic, temporary flood flows. 

• Ecosystem Restoration – Enhance fish passage through the Yolo 
Bypass and increase access to seasonally inundated floodplain habitat 
on Conaway Ranch to contribute to efforts to improve conditions for 
native fish and provide the foundation for other enhancement projects. 

• Water Supply 

• Recreation and Other Benefits – Provide managed public recreation 
and environmental education opportunities. 

Implementation Cost:  To Be Determined  

Implementation Considerations:   

• Redirected Hydraulic Impacts – To Be Determined 

• Adverse Environmental Impact and Regulatory Issues – Flood 
management actions, especially structural management actions, have 
the potential to adversely impact the environment while meeting other 
flood management goals. The impacts of this project have not yet been 
determined 

• Other 

Associated Studies 

To Be Determined 
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1.6 Remove Sediment and Rehabilitate Structure, 
as Necessary, at Fremont Weir 

Project Type:  O&M 

Location Information:   

• Region – Lower Sacramento 

• Subregion – Yolo 

• Location – Fremont Weir 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – DWR 

• Potential Partners – USACE 

• Contact Information – To Be Determined 

Description: 

• Purpose –The area between the Fremont Weir and the Sacramento 
River is one of high sediment deposition, as fast-moving water from 
upstream meets slower moving water in the Yolo Bypass.  Sediment 
buildup and vegetative growth diverts water into the Yolo Bypass. 
When silt and vegetation build up in a bypass, the flood control channel 
becomes shallower and hydraulically less efficient and has less water-
carrying capacity.  As a result, more water flows down the main part of 
the river, putting more pressure on the levees downstream, and 
increases the chance of a levee break. 

• Concept – DWR plans to dredge around the Fremont Weir to restore 
flow capacity.  The Fremont Weir sediment removal project involves 
discharging up to 1,000,000 cubic yards of sediment removed from the 
weir to adjacent agricultural land.  The discharger has demonstrated 
that the sediments are not contaminated with pesticides and have 
similar leachable metal contents as native soils at the discharge site.  
Therefore, the discharge of dredged sediment poses little or no threat to 
water quality and a conditional waiver of Waste Discharge 
Requirements (WDR) is appropriate for this portion of the project.  

The January 12, 2009, draft of the Bay-Delta Conservation Plan 
(BDCP) proposes to add a notch to the Fremont Weir and flood the 
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Yolo Bypass more frequently and for longer periods later in the 
agricultural season.  There is a proposed measure to “modify the 
Fremont Weir and the Yolo Bypass to create an operable gate to sustain 
flood flows into the Bypass for 30 to 45 days between December 1 and 
May 15 to create floodplain habitat for Chinook salmon (Oncorhynchus 
tshawytscha) and Sacramento splittail (Pogonichthys macrolepidotus).  
This would eliminate the current agricultural activities, curb all public 
use when the Fremont Weir is spilling, and prevent the wetland 
management practices. 

• Relation to SPFC Facilities – Fremont Weir  

Project Status:  Completed (Nov. 15, 2006) or may be under construction 

Applicable Management Action(s):  O&M – Dredging and Clearing 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Improve Institutional Support, 
Promote Multi-Benefit Projects 

Extent of Benefit Area:  The project has local, regional, and systemwide 
benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Removing sediment and 
improving the Fremont Weir would alleviate the threat to public safety 
and the potential liability for substantial damages from backwater 
effects of restricted flood flows.  This weir is close to the Sacramento 
Metropolitan Area, which would be in potential danger if sedimentation 
problems to the Fremont Weir were not addressed. 

• Ecosystem Restoration – None 

• Water Supply – None 

• Recreation and Other Benefits – None 

Implementation Cost:  $2.6 million budget to remove built-up sediment 
and vegetative growth from Fremont Weir. Unknown cost of weir 
modification. 
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Implementation Considerations:   

• Redirected Hydraulic Impacts – Hydraulic changes are expected to 
have beneficial impacts. 

• Adverse Environmental Impact and Regulatory Issues – No adverse 
affects. 

• Other 

Associated Studies 

To Be Determined. 
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1.7  Review and Modify Bypass Channel 
Vegetation as Necessary to Assure Proper 
Balance of Storage and Conveyance in Upper 
Butte Basin 

Project Type:  O&M 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Butte Basin 

• Location – The Butte Basin is a natural overflow area that extends 
from south of Big Chico Creek to the Sutter Buttes.  Located along the 
western boundary of Butte County and the eastern boundary of Glenn 
County, it is bisected by State Highway 162 and located approximately 
halfway between State Highways 99 and 45 in the Pennington, West of 
Biggs, Butte City, Llano Seco, and Nelson U.S. Geological Survey 
(USGS) 75 minute quadrangles 

• Community Setting – Other 

Project Proponents: 

• Potential Lead Agency – DWR 

• Potential Partners – Butte Creek Watershed Conservancy, DFG, 
Wildlife Conservation Board, USFWS, USACE 

• Contact Information – To Be Determined 

Description: 

• Purpose – Flooding is an increasing problem in the middle and lower 
parts of the Butte Basin watershed, most likely due to the lack of 
storage in the upper Butte Basin and urbanization through the covering 
of land with impermeable surfaces.  Flooding has become an issue 
primarily in human-inhabited reaches such as the residential areas along 
the middle section of Butte Creek.  Certain areas within this reach also 
appear to have the highest amount of meandering, due to the nature of 
the bed material, the human-introduced mining tailings, and lack of 
intact and mature riparian vegetation. 
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The 1997 Emergency Watershed Protection projects helped stabilize 
banks using large rock riprap and concrete, which is not conducive to 
productive riparian habitat.  Further, they accelerate flows, increased 
bed scour in some areas, deposition in others, downstream bank 
erosion, and ultimately may cause future problems for property owners 
downstream. 

• Concept – Some implementation methods may include the following: 

Restore Riparian, Wetland, and Upland Habitat – This reach contains 
numerous opportunities for ecosystem restoration through the 
establishment of healthy habitat. This measure can accomplish 
restoration goals through levee modifications, and realignments of 
existing levees and other structural changes. This measure could also be 
combined with other measures that call for the establishment of 
transient storage areas. Restoration of vegetation within the conveyance 
system can reduce flow capacity, but can also improve reliability of the 
system by stabilizing banks and reducing erosion. This measure was 
retained for further consideration. 

Channelization – Channelization could be performed in this reach of 
the Sutter Bypass by creating a larger low-flow channel to provide 
more rapid drainage for the Butte Basin. The channel would drain to the 
southern end of Butte Basin. It would also provide for ecosystem 
habitat. 

• Relation to SPFC Facilities – Colusa Weir, Moulton Weir, 3Bs Weir, 
Goose Lake Weir, and M&T Weir 

Project Status:  Conceptual 

Applicable Management Action(s):  O&M – Vegetation Management 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management  

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Promote Multi-Benefit Projects 

Extent of Benefit Area:  This project has local and regional benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – The upper Butte Basin and 
downstream communities would benefit with greater flood storage at 
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the upstream.  This project will have an effect in the peak stage, 
reducing peak flows and on “high” flow duration. 

• Ecosystem Restoration – Project can provide opportunities for 
management, including maintenance, enhancement, protection, and 
restoration of communities for a variety of resident and migratory birds, 
mammalian species, special status species and their habitats, riverine 
species, and riparian communities.  O&M staff can monitor leading 
populations and control of exotic weeds and other invasives; 
maintaining or enhancing in-stream flows, implementing best 
management practices for mosquito control in managed wetlands, 

• Water Supply – There are possible conjunctive use opportunities using 
Butte Basin as a site in exchanging conservation space with 
groundwater.  The existing surface water distribution system would 
need to be expanded. 

• Recreation and Other Benefits – Potential to integrate climate change 
strategies in the goals, O&M tasks on the site, including fuel reduction 
for habitat diversity or for adjacent residential and urban interface 
mandates.  Project can mirror other programs that reduce greenhouse 
gas emissions in facilities, residences, and vehicles that are maintained 
and operated on the properties. 

Implementation Cost:  Based on Upper Butte Basin Wildlife Area Land 
Management Plan (O&M costs): $1.08 million for Staffing Costs and 
$865,000 for Operational Costs.  These costs are for the entire plan, not 
sure just this particle efforts. 

Implementation Considerations: 

• Redirected Hydraulic Impacts – Improvements to the upper Butte 
Basin will only improve the hydraulics downstream from the system.  
Hydraulic impacts are unknown at this time. 

• Adverse Environmental Impact and Regulatory Issues – Project 
may affect the ecosystem habitat during implementation but beneficial 
environmental impacts are greater in the long term. 

• Other 

Associated Studies 

To Be Determined 
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1.8 Stabilize Cherokee Canal Watershed to 
Reduce Sediment Transport and Long-Term 
O&M Costs 

Project Type:  Excessive sedimentation and debris accumulation in the 
Cherokee Canal clogs the channel and results in channel bank overtopping 
in high-flow events.  This project aims to stabilize Cherokee Canal by 
reducing sediment transport and long-term O&M costs. 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Butte Basin 

• Location – Cherokee Canal, which was originally constructed to 
protect agricultural land from mining debris, now serves as an irrigation 
drainage canal.  Dry Creek becomes Cherokee Canal northeast from 
Richvale, and Gold Run and Cottonwood Creek join the Cherokee 
Canal upstream of the Richvale Road crossing.  Cherokee Canal 
eventually enters Butte Creek near the southwestern corner of Butte 
County, south of Highway 162 

Cherokee Canal, a tributary of the Butte Creek/Butte Basin element of 
the Sacramento River Flood Control Project, is a 21-mile-long leveed 
channel from Dry Creek to the Butte Sink in Butte County, California 

• Community Setting –Nonurban 

Project Proponents:   

• Potential Lead Agency – DWR, USACE 

• Potential Partners – Butte County, California Department of Fish and 
Game (CDFG) and the local watershed groups (Butte Creek Watershed 
Conservancy, Cherokee Watershed Group, Cherokee Watershed 
Alliance, Butte County Resource Conservation District, etc.).  Enlisting 
the assistance of the California Conservation Corps could significantly 
reduce the cost of maintenance 

• Contact Information – Craig Gaines (USACE)  
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Description: 

• Purpose – The primary flooding hazards within the Cherokee 
Watershed is caused by sedimentation and structures located within the 
FEMA Special Flood Hazard Area (SFHA).  According to a 1970 
report by DWR (Debris Deposition in the Cherokee Canal Flood 
Control Project), Cherokee Canal experiences flooding due to heavy 
rains and valley flooding.  After several historical attempts to rectify 
the sediment and debris loading of the channel and in response to the 
Sacramento River Major and Minor Tributaries Flood Control Act of 
1944, the USACE developed the Review of Interim Flood Control 
Survey Report of Sacramento River and Tributaries, Cherokee Canal 
and Butte Creek, 15 June 1948. The report recommended building a 
levee and channel flood control project and the present Cherokee Canal 
was constructed in 1960 based upon the recommendations in the report.  
Dry Creek contributes the most sediment to Cherokee Canal.  
According to a recent study of the hydrologic, hydraulic, and sediment 
yield/transport in Dry Creek and Cherokee Canal (USACE, 2003), it is 
estimated that 103,000 tons of sediment would be delivered to 
Cherokee Canal in a 100-year event. 

• Concept – Establish a regular channel maintenance and sedimentation 
removal program. 

• Relation to SPFC Facilities – Not applicable 

Project Status:  Reconnaissance Level 

Applicable Management Action(s):  O&M: Vegetation Management 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management  

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Improve Institutional Support, Promote Multi-Benefit Projects 

Extent of Benefit Area:  This project would have local, regional, and/or 
systemwide benefits. 

Potential to Provide Multi-Benefits: 

• Flood Damage Reduction Benefit – This project would reduce the 
flood risk on critical facilities in the Cherokee Watershed, which 
includes police department, hospitals, Red Cross shelters, schools, 
facilities holding hazardous materials and air transportation facilities.  
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Clearance of sedimentation and debris would maintain water capacity 
of the Cherokee Canal and prevent flow restrictions caused by buildup. 

• Ecosystem Restoration – Maintenance of sedimentation and debris in 
the Cherokee Canal would prevent disturbance of fish and other natural 
habitat.  This project would promote ecosystem restoration with the 
clearing of sediment and debris buildup along the canal and against 
overpasses, bridges, etc. 

• The project would include a 300- to 400-acre wetlands restoration site 
about 10 miles northwest of Oroville and preserve about 840 acres of 
existing wetland/riparian habitat along the canal downstream from the 
restoration site by controlling sediment transport.  This would establish 
a rich diversity of habitats for migratory waterfowl, resident birds, and 
other wildlife, including several listed endangered species. 

• Water Supply – Not applicable 

• Recreation and Other Benefits – Not applicable 

Implementation Cost:  Cost of this project would be dependent on the 
process of the development of the sediment removal program.  Project 
funding for maintenance could be shared between the State and local 
agencies.  A detailed cost estimate would be developed at the time of 
project implementation. 

Implementation Considerations: 

• Redirected Hydraulic Impacts – This would improve and maintain 
the hydraulics of the Cherokee Canal.  When sedimentation and debris 
collect along the streams and builds up on the sides of the bridges, it 
results in a reduction in flow capacity and creates a blockage of flow 
upstream from the obstruction(s), ultimately changing the hydraulics of 
this system.  Continued maintenance of this channel would improve 
hydraulics and reduce the flood risk for this area. 

• Adverse Environmental Impact and Regulatory Issues – There are 
no potential adverse environmental impacts or regulatory issues. 

• Other 

Associated Studies 

To Be Determined 
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1.9 Modifications to the 3Bs Natural Overflow 
Area 

Project Type:  System Modifications 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Butte Basin 

• Location – North of Ord Ferry Road on the Sacramento River river 
mile (RM) 186.5 +/- 

• Community Setting – Nonurban 

Project Proponents: 

• Potential Lead Agency – Mike Inamine, Sutter Butte Flood Control 
Agency 

• Potential Partners – To Be Determined 

• Contact Information – To Be Determined 

Description:   

• Purpose – 3Bs Natural Overflow Area is not operated or designed 
correctly.  The result is that head cuts allow overflows into Butte Basin 
when the Sacramento River is well below flood stage, resulting in 
extensive, unnecessary damages to infrastructure and agriculture and 
reducing the storage capacity of Butte Basin for a major storm event.  
This project would include modifications of the existing 3Bs Natural 
Overflow Area for proper design and operation. 

The 3Bs is one of the three low points on the east side of the 
Sacramento River where floodwater flows away from the main river 
channel during high flows.  The 3Bs Natural Overflow Area, critical to 
the operation of Butte Basin, was never designed or constructed to 
operate as a Flood Relief Structure (FRS). 

The State Plan Flood Control (SPFC) relies on the 3Bs Natural 
Overflow Area to protect downstream levees on the Sacramento River.  
Overflow in the Butte Basin still occurs and is essential to the success 
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of the downstream flood management system along the Sacramento 
River.  Of the three prominent overflow areas include 3Bs (as well as 
M&T and Goose Lake) is about 15.5 river miles downstream from 
Chico Landing.  As SPFC facilities for which the State has maintenance 
responsibility under the California Water Code (CWC), DWR 
maintains both the State-constructed overbank flow features (M&T and 
Goose Lake FRS) and the USACE-constructed bank stabilization 
features of the 1986 Butte Basin Plan.  The Central Valley Flood 
Protection Board (Board) requires the elevation of 3Bs Natural 
Overflow to remain at or below the elevation required for flood flows 
to overtop when the gage at Ord Ferry Bridge reaches 114 feet National 
geodetic Vertical Datum (NGVD), which is equivalent to a flood flow 
of approximately 100,000 cfs. 

• Concept – To Be Determined. 

• Relation to SPFC Facilities – 3Bs Natural Overflow area. Other 
facilities in the Butte Basin Overflow area include Good Lake FRS and 
M&T. 

Project Status:  Conceptual Level 

Applicable Management Action(s):  System Modifications: 
Levees/Floodwalls/Hydraulic Structures 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management  

• Supporting Goals – Improve O&M 

Extent of Benefit Area:  This project would have local, regional, and 
systemwide benefits.  

Potential to Provide Multi-Benefits: 

• Flood Damage Reduction Benefit – Elimination of unnecessary 
damage to property, agriculture, and infrastructure damages.  
Elimination of needless interruptions of interstate commerce (roads will 
not be flooded except in a flood event). 

• Ecosystem Restoration – Not applicable 

• Water Supply – Preserves flood storage for major flood event 
(systemwide benefit) 
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• Recreation and Other Benefits – Improved public safety (only floods 
during a flood event) 

Implementation Cost:  To Be Determined 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Improving the 3Bs Natural Overflow 
Area may increase the flood storage capacity in the Butte Basin.  As 
this project is only a modification of the existing 3Bs Natural Overflow, 
none or minimal adverse hydraulic impacts are expected upstream and 
downstream from the system.  Flood risk downstream and upstream 
from the project location should either improve. 

• Adverse Environmental Impact and Regulatory Issues – 
Modification to the 3Bs Natural Overflow Area may have adverse 
effects on the hydraulics of the system and local environmental effects.  
An environmental impact assessment would have to be considered for 
this project. 

• Other 

Associated Studies 

To Be Determined 
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1.10 Construct Peak Overflow Detention Basin in 
the Colusa Basin Drainage Area 

Project Type:  Additional Storage 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Colusa Basin Drain 

• Location – Wilson Creek and Willow Creek 

• Community Setting – Other 

Project Proponents:   

• Potential Lead Agency – Colusa Basin Drainage District 

• Potential Partners – DWR, Glenn County, local interest groups 

• Contact Information – Ernie Ohlin, Deputy Director of Public Works 
– Water Resources, Tehama County 

Description: 

• Purpose – Alleviating peak flood flows, reduce the flood risk 

• Concept – Create detention facilities to alleviate peak flows.  Project 
would capture surface stormwater for conservation, conjunctive use, 
and increased water supply.  The Colusa Basin Drainage District 
(CBDD) is currently planning two flood water detention facilities: one 
west of Willows on South Fork Willow Creek to reduce flooding in 
Willows, and one in the Wilson Creek area.  The South Fork Willow 
Creek Detention Facility is completely designed, has nearly all permits 
secured, and has a bid packet ready for distribution as soon as funding 
becomes available.  The Wilson Creek Detention Facility still requires 
further study to determine its feasibility.  In addition to these two sites, 
the CBDD has other sites in Glenn and Colusa counties targeted for 
remediation measures, including, but not limited to, detention facilities 
(2008). 

• Relation to SPFC Facilities – None 
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Project Status:  Design (South Fork Willow Creek Detention Facility), 
Feasibility (Wilson Creek Detention Facility) 

Applicable Management Action(s):  Additional Storage – Floodplain 
(Transitory) Storage 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management  

• Supporting Goals – Improve O&M, Improve Institutional Support, 
Promote Multi-Benefit Projects 

Extent of Benefit Area:  Project would have local, regional, and 
systemwide benefits.  

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Reducing peak flows would 
minimize property damages caused by flooding within the study area 
and minimize downstream property.  Alleviating peak flood floods 
would also reduce the risk to public health and safety, and reduce flood 
damages to residences, businesses, and public infrastructure in the 
vicinity of the project area.  Project would capture surface stormwater 
for conservation, conjunctive use, and increased water supply. 

• Ecosystem Restoration – Project would enhance and protect 
environmental resources. 

• Water Supply – Project would improve water quality by minimizing 
erosion and sedimentation, as well as assist in groundwater recharge of 
the local aquifer(s). 

• Recreation and Other Benefits – None 

Implementation Cost:  Capital Construction: $11.2-13.7 million (South 
Fork Willow Creek), $10.3 – $12.6 million (Wilson Creek); Wilson Creek: 
$292,000 (South Fork Willow Creek), $178,000 (Wilson Creek)  

Implementation Considerations:   

• Redirected Hydraulic Impacts – Possible changes to timing of 
channel incision, channel form, and land uses on upper watershed 
sediment runoff. 
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• Adverse Environmental Impact and Regulatory Issues – Colusa 
Basin groundwater has elevated salt concentrations that may adversely 
affect yields of commonly grown crops. 

• Other 

Associated Studies 

Wilson Creek Detention Facility Hydrogeologic Basin Evaluation. 
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atershed%20Assessment%20(2008).pdf>. Accessed: May 10, 2011. 
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Hydrogeologic Basin Evaluation. Available: 
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1.11 Colusa Drain Improvements 

Project Type:  System Modifications 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Colusa Drain 

• Location – Colusa Basin Drain extends from its junction with Willow 
Creek south to the vicinity of Colusa and then follows the alignment of 
the Reclamation District (RD) 108 Back Levee, terminating at the 
Knights Landing Outfall Gates on the Sacramento River in Yolo 
County 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – DWR, CBDD 

• Potential Partners – Colusa County Resource Conservation District 
(RCD), USDA 

• Contact Information – Eugene Massa Jr., CBDD General Manager 

Description: 

• Purpose – The Colusa Basin Drain was original constructed to provide 
adequate drainage for agricultural production, not to provide minimum 
necessary conveyance for winter flood prevention.  As agricultural 
production and volumes of applied irrigation water have expanded, the 
drain has also been shown to be undersized in places for handling 
summer irrigation return flows.  According to the DWR, the typical 
pattern of flooding occurring along the Colusa Drain Basin is primarily 
the result of runoff from foothill streams during the winter and releases 
of irrigation water from rice fields during the summer. Original 
capacity was approximately 1,450 cfs with 1 foot of freeboard; but 
currently is about 2,100 cfs at Highway 20 and about 12,450 cfs at 
Knights Landing. 

In addition, land has been put into agricultural production up to the 
western edge of the Colusa Basin Drain (canal), and the levees have 
been built along the western edge of the canal to protect agricultural 
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lands.  These levees may act to constrict the canal’s capacity and 
thereby incrementally raise the canal water surface elevation in places. 

• Concept – DWR (1962, 1964) prepared hydraulics models of the 
Colusa Drain Basin channel to serve as a basis for evaluating the flood 
benefits in terms of reduced inundation area resulting from a range of 
management actions: (1) improved drainage facilities from the Knights 
Landing Ridge Cut through the Yolo Bypass, (2) systems of levees 
along the Colusa Basin Drain, (3) flood control reservoirs in the 
western foothills, and (4) watershed management. DWR (1990) 
updated the evaluation of these alternatives, many of which are still 
under consideration, and added a fifth evaluation of enlarging the 
Knights Landing Ridge Cut. 

DWR first considered the potential benefits of constructed new and/or 
enlarged levees along the existing Colusa Basin Drain to create a 
maximum channel top width of 450 to 1,000 feet.  DWR reevaluated 
the levee project, estimating it then to cost $76 million for protecting 
180,000 acres, yielding a cost-benefit ratio of 0.19 over 50 years of the 
100-year protection level project at an 8.875 percent discount rate.  The 
levee protection alternative has generally been abandoned in favor of 
projects that use reservoirs on the foothill streams to detain floodwaters. 

Improvements to the Colusa Basin Drain will be discussed in the 
Integrated Watershed Management Plan.  Updates to this (currently 
unpublished) Management Plan are available on the Colusa County 
RCD Web site.  The goals and objectives in improving flood control 
described in the Assessment Report (Harvey, 2008) include: 

- Reduce flooding along the Colusa Basin Drain and other flood 
prone areas 

- Assess the status and functionality of degrading flood control 
infrastructure (e.g., drainage canals, ditches, canal banks, levees) 

- Find ways to allow floodwaters onto floodplains without damaging 
crops, homes, and infrastructure 

- Determine the cumulative effects of existing wetland and riparian 
restoration projects on flooding 

- Protect banks/levees of ephemeral streams: reducing localized 
flooding 

- Improve infiltration ability of flood-prone areas and natural 
drainages 
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- Identify (geographically) where natural channels have been 
removed (through land leveling, etc.) and identify its effect upon 
storm runoff and localized flooding 

- Compensate farmers whose rice land is used for off-stream storage 

- Develop and implement measures to control runoff in foothills, 
orchards, rice fields, rangelands, and on all other agricultural lands 

The Colusa Basin Watershed Assessment report identifies several 
example projects that could address some of the stakeholder concerns.  
The watershed planning goals will not be formalized until the 
management plan is underway.  Since the watershed planning goals will 
not be formalized until the management plan is underway, the 
following merely provides examples of a few potential projects. The 
purpose of this list is simply to provide preliminary examples of 
projects that could come out of an integrated planning process.  This list 
includes: (1) Foothill Streams – Creek Bank Stabilization and Riparian 
Habitat Restoration Projects; (2) Oak Woodland Habitat Management; 
and (3) Wetland and Riparian Management and Restoration Projects. 

• Relation to SPFC Facilities – Knights Landing Ridge Cut, Colusa 
Weir 

Project Status:  Conceptual 

Applicable Management Action(s):  System Modifications – 
Levees/Floodwalls/ Hydraulic Structures 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management  

• Supporting Goals – Improve O&M, Improve Institutional Support, 
Promote Multi-Benefit Projects 

Extent of Benefit Area:  This project would likely have local, regional, 
and/or systemwide benefits.  

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Improvements to the Colusa 
Basin Drain would reduce flooding in this area.  Could take away peak 
flows and reduce physical flow constrictions.  Currently, an 
unintentional lake forms due to inability to free flow into the 
Sacramento River. 
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• Ecosystem Restoration – Little to no benefits for ecosystem.  Colusa 
Basin Drainage Canal is a major contributor of warm water into the 
Sacramento River, which has a detrimental effect on salmonids.  The 
Colusa Basin Drain “attracts adult fish into an area where survival is 
unlikely and returns agricultural drain water of high temperature and 
poor quality into the Sacramento River” at Knights Landing (DFG, 
2003).  There are special-status wildlife species that are known to or 
that may occur in the valley foothill woodlands in the Colusa Basin 
Watershed sDo you uch as Cooper’s hawk, Swainson’s hawk (Buteo 
swainsoni), long-eared owl (Asio otus), etc., and common wildlife 
species found in this habitat.  There is potential for riparian habitat 
restoration through revegetation.  Will result in better water movement 
and volume. 

• Water Supply – Could improve the water quality by identifying water 
quality issues and recommending water quality control measures for 
urban and rural areas.  Educate the landowners to help control non-
point source pollution and recommend/implement best management 
practices for agricultural and rangeland areas to reduce soil erosion and 
associated sediment loading into drainages. 

• Recreation and Other Benefits – Hunting, boating, and fishing are 
among the most popular recreation activities in the Colusa Basin 
Watershed. 

Implementation Cost:  Not applicable 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Improvements to the Colusa Drain 
may have hydraulic effects downstream from the drain and areas 
surrounding the basin. 

• Adverse Environmental Impact and Regulatory Issues – There is a 
potential for a reduction of habitat and effect the water quality. 

• Other – Conflicts with current land uses and surrounding agriculture.  
There may be ecosystem constraints to counties, also public opposition. 

Associated Studies 

To Be Determined 
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1.12 Protect M&T Pumping Facilities 

Project Type:  System Modifications 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Downstream from Chico 

• Location – Left bank of Sacramento River RM 192.8 +/- 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – To Be Determined 

• Potential Partners – Sacramento River Conservation Area, Butte 
Creek Watershed Conservancy, Sacramento Valley Landowners 
Association, DWR, Department of Parks and Recreation, DFG, City of 
Chico, USACE, USFWS 

• Contact Information – Mike Inamine, Sutter-Butte Flood Control 
Agency 

Description: 

• Purpose – The current meandering of the Sacramento River is resulting 
in the need for dredging of the river to keep the pump facilities 
operational, either the river or the pump intake needs to be relocated to 
allow for pumping without dredging.  This agricultural pumping facility 
was relocated from Big Chico Creek to protect threatened and 
endangered anadromous fish populations and pumping requirements for 
adjacent agriculture, managed wetlands (federal, State, and private), 
and City of Chico wastewater facility without a significant effect upon 
river meander.  As a result of natural riverine dynamics, future 
encroachment of a gravel bar will continue to exist causing a substantial 
threat to the operation of the pumping facility, the fish screens, and the 
outfall. 

• Concept – A proposal to structure a process that will develop a long-
term solution to meeting water needs of the beneficiaries of the 
M&T/Llano Seco pumping facility while maintaining the natural river 
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meander process in the Sacramento River. The proposal states that 
larger scale measures that address longer term, larger scale processes 
will likely provide more persistent results. 

The short-term protection plan to protect the functionality and delivery 
of water supplies to the fish screen and pumping facility is to continue 
to maintain the position of the gravel bar to protect the facilities until a 
solution is in place.  Continued removal of the gravel bar will be 
conducted until a long-term solution is set.  Divers will continue to 
inspect the existing gravel bar annually and collect necessary data on 
the southern migration of sediment deposition.  The long-term solution 
process will consist of gathering data, convening a Steering Committee 
composed of stakeholders and recognized experts, researching existing 
conditions of the river, understanding fluvial geomorphology, 
monitoring the gravel bar, gathering data from surveyors, hydrologists, 
and geotechnical engineers, and preparing a river model to assist in 
determining an appropriate long-term solution. 

• Relation to SPFC Facilities – M&T/Llano Seco Pumping and Fish 
Screen Facility, City of Chico Wastewater Treatment Plant Outfall 

Project Status:  Reconnaissance 

Applicable Management Action(s):  System Modifications – 
Levees/Floodwalls/Hydraulic Structures 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Improve Institutional Support, Promote Multi-Benefit Projects 

Extent of Benefit Area:  This project would have local and regional 
benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Protects necessary hard point in 
the area. 

• Ecosystem Restoration – Project aims to reach goals of the CALFED 
Bay-Delta Program (CALFED) Ecosystem Restoration Plan and 
Anadromous Fish Restoration Plan for all salmonid species, 
connectivity to upstream spawning and rearing habitat in Butte and Big 
Chico Creeks, which is essential to the sustainable populations of 
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spring-run, winter-run, fall-run and late fall-run salmon and steelhead 
trout (Oncorhynchus mykiss). 

• Water Supply – The project aims to provide continued assurance of a 
reliable water  protect the M&T pumping facility that supplies water to 
the M&T Chico Ranch and Llano Seco Ranch. 

• Recreation and Other Benefits – Possible effect on 
boating/navigation. 

Implementation Cost:  Minimum of $400,000 per dredging; 
approximately $5 million  

Implementation Considerations:   

• Redirected Hydraulic Impacts – River hydraulics and cover along the 
bank will be affected by the project since the project will alter bank 
configuration and structural features (e.g., riparian vegetation and 
placement of woody complexes), potentially affecting the quantity and 
quality of near-shore habitat for migrating juvenile steelhead and other 
listed fish species. 

• Adverse Environmental Impact and Regulatory Issues – Removal 
of riparian vegetation from the riverbank would result in temporary loss 
of a source of State Recreation Area (SRA) cover for juvenile salmon, 
but will be replaced with additional riparian vegetation and woody 
materials to reduce homogeneity of the water velocity and provide 
cover for fish when flows are high. 

• Other 

Associated Studies 

To Be Determined  

References 
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1.13 Secure Meander Zones Along Upper 
Sacramento River Where Major Infrastructure 
is Threatened 

Project Type:  Floodplain Management 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Downstream of Chico 

• Location – Red Bluff to Ord Ferry Reach 

• Community Setting – Other 

Project Proponents:   

• Potential Lead Agency – DWR 

• Potential Partners – USACE, CALFED, Sacramento River 
Conservation Area Forum (SRCAF), USFWS, DFG, Department of 
Parks and Recreation, Wildlife Conservation Board, The Nature 
Conservancy, Sacramento River Partners, and other nonprofit 
organizations and stakeholders 

• Contact Information – To Be Determined 

Description: 

• Purpose – Meandering portions of the Sacramento River, particularly 
through the Red Bluff-to-Colusa reach, demonstrate the role of an 
active riverine process creating and maintain riparian habitats, such as 
water flow, erosion/deposition, lateral channel migration, and 
ecological succession.  River meandering and avulsion create a mosaic 
of landscapes and vegetative diversity that is key to the wildlife habitat 
value of the system.  The ability of the river to meander, avulse, and 
generate new floodplain surfaces is crucial to supporting diverse 
riparian habitats and healthy populations of riparian-dependent species. 

When not constrained by natural or man-made erosion-resistant banks, 
large alluvial meandering rivers have a tendency to migrate laterally (E. 
Larson, 2007). 
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The Sacramento River’s “inner river zone” is a river alluvium that has 
experienced river channel migration in the recent past and is likely to 
experience channel movement in the near future; the area includes the 
100-year meander belt and area of project bank erosion over the next 50 
years. 

• Concept – Government and nonprofit organizations have developed 
guidelines to ensure riparian habitat management along the river 
addresses the dynamics of the riparian ecosystem and the reality of the 
local agricultural economy.  A detailed site assessment protocol has 
been established in Chico’s Landing Restoration Management Plan 
Summary, which recommends detailed site assessments be routinely 
performed to characterize conservation properties and tailored to 
individual circumstances at each property. 

Public access is an issue of substantial concern in the study area with 
opinions expressed both for and against increased access.  Public access 
is desired in the form of additional boat facilities and road access to the 
river or to and through public lands.  Private landowners have concerns 
about the potential for increased trespassing.  As a result, public access 
in certain areas will need to be carefully planned to strike a balance 
among recreation use, other human uses, landowner concerns, and 
programs for the protection and restoration of the dynamic Sacramento 
River system. 

The conflict between river channel movement and the need to protect 
adjacent human infrastructure (e.g., towns, bridges, water pumps) can 
be avoided through long-term planning efforts using process-based 
geomorphic simulation modeling to forecast potential long-term, 
landscape-level efforts of water management decisions on river 
meander migration (E. Larson, 2007). 

• Relation to SPFC Facilities – Not applicable 

Project Status:  Conceptual 

Applicable Management Action(s):  Floodplain Management – 
Easements/Acquisitions 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management  

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Promote Multi-Benefit Projects 
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Extent of Benefit Area:  The project would likely have local and regional 
benefits.  

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Project aims to decrease the risk 
of flood damage for infrastructure along the meandering Sacramento 
River. 

• Ecosystem Restoration – Project will be able to help maintain and 
even restore the riparian ecosystem that provides habitat for hundreds 
of resident and migratory birds, fish, and wildlife species. 

• Water Supply – Not applicable 

• Recreation and Other Benefits – Additional new lands along the 
upper Sacramento River could be used for public road access, boating 
facilities, outreach areas (using signage, kiosks, nature center), camping 
facilities, bank fishing access, new fishing trails, hunting access, non-
motorized trails and nature observation, picnics, and developed river 
parks.  This area also provides a rich bed load of fine soil and nutrients 
in the extended flood zone that have enabled productive farming for 
miles along the broad river corridor. 

Implementation Cost:  Not applicable 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Changes to the meandering river will 
alter flow path, but negative hydraulics impacts are uncertain. 

• Adverse Environmental Impact and Regulatory Issues – Adverse 
environmental impacts to the ecosystem and communities will depend 
on project implementation methods.  There may be a disruption to the 
ecosystem and existing habitat while securing the meander zones. 

• Other 

Associated Studies 

To Be Determined  

References 
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modeling to avoid conflicts between human infrastructure and 
habitat conservation. Landscape and Urban Planning, Volume 79, 
pg 388-346. 2007. 

CALFED Bay-Delta Program website.  Available: 
<http://www.science.calwater.ca.gov/pdf/eco_restor_sac_river.pdf> 
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1.14 Remove Sediment and Rehabilitate Structure, 
as Necessary, at Colusa Weir 

Project Type:  O&M 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Downstream from Chico 

• Location – Colusa Weir and downstream from the weir 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – DWR  

• Potential Partners – The Nature Conservancy (TNC), California State 
Parks, USACE 

• Contact Information – To Be Determined 

Description: 

• Purpose – This area is a massive deposit center for sediment.  
Extensive sediment removal is necessary to restore the Colusa Bypass 
flood carrying capacity and to ensure proper operation of the flood 
control system.  Sediment deposits have reduced the flow capacity of 
the bypass and the efficiency of the flood control system by forcing 
flows to remain in the Sacramento River.  Deposits forming at the 
entrance to Colusa Bypass increases stage thresholds for flows entering 
the floodway, exacerbating flood risk in the main channel downstream 
from the entrance.  It also affects flood conveyance, potentially causing 
backwater effects that could limit diversion of flood discharge into the 
bypass system.  Colusa Weir is fundamental to flood control in the 
lower Sacramento Valley because it is the only major exit point for 
flood flows upstream from the channel constriction. 

• Concept – Removal sediment along the Colusa Weir and downstream 
from the weir.  Also, rehabilitate Colusa Weir. 

The Colusa SRA Habitat Restoration & Tisdale Bypass Sediment 
Removal Project is to restore habitat on an estimated 139 total acres on 
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the Ward Property within the Colusa Subreach, including 35 acres 
grassland, 11 acres oak savannah, and 93 acres riparian forest, as 
mitigation for impacts to riparian habitat caused by the clearing of 
Tisdale Bypass.  Ensure habitat restoration will not affect flood flows 
within the Colusa Subreach. 

• Relation to SPFC Facilities – Colusa Weir  

Project Status:  Conceptual for rehabilitation of structure.  Sediment 
removal project under construction, March 2009 to December 2011. 

Applicable Management Action(s):  O&M – Dredging and Clearing 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Improve Institutional Support, Promote Multi-Benefit Projects 

Extent of Benefit Area:  The project will have local and regional benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Removal of the deposits forming 
at the entrance of the Colusa Bypass would decrease flood risk in the 
main channel downstream from the entrance. 

• Ecosystem Restoration – The Habitat Restoration portion of the 
project includes restoring and estimated 139 total acres on the Ward 
Property within the Colusa Subreach, including grasslands, oak 
savannah, riparian forest, and mitigation for impacts to riparian habitat. 

• Water Supply – Would for more flow to go downstream, which may 
help those who depend on this water. 

• Recreation and Other Benefits – None 

Implementation Cost:  To Be Determined 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Hydraulic changes would have 
beneficial impacts. 
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• Adverse Environmental Impact and Regulatory Issues – Project 
may have little adverse environmental impact. 

• Other 

Associated Studies: 

• Colusa SRA Habitat Restoration & Tisdale Bypass Sediment Removal 
Project (2008) 

• Status of the Lower Sacramento Valley Flood-Control System within 
the Context of its Natural Geomorphic Setting (August 2008) 

References 

California Department of Water Resources (DWR). Final Report of the 
Flood Emergency Action Team.1997. Available: 
<http://www.water.ca.gov/historicaldocs/irwm/feat-
1997/fcsib1g.html>. Accessed: May 6, 2011. 

Sacramento River Conservation Area Forum. 2008. Available: < 
http://www.sacramentoriver.org/srcaf/publications/2008_SRCAF_
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Geomorphic Setting. ASCE Natural Hazards Review. August 2008. 
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1.15 Construct Peak Overflow Detention Basins on 
Streams in Tehama County 

Project Type:  Additional Storage 

• Location Information:   

• Region – Upper Sacramento 

• Subregion –Westside Tributaries 

• Location – The County of Tehama is located in the Sacramento Valley 
midway between the city of Sacramento and the Oregon border. 
Tehama County encompasses an area of nearly 3,000 square miles and 
is divided by the Sacramento River, which flows through the county 
from north to south. Approximately 35 percent of the county is west of 
the Sacramento River and 65 percent is east. The county is bordered on 
the west by Trinity and Mendocino counties along the Pacific Coast 
Ranges, Shasta County on the north, Plumas County on the east along 
the ridgeline of the Sierra Nevada-Cascade Mountains, and on the south 
by Butte and Glenn counties 

• Community Setting – Small Community (City of Corning, Pop. less 
than 8,000) 

Project Proponents:   

• Potential Lead Agency – Tehama County Flood Control & Water 
Conservation District 

• Potential Partners – City of Corning 

• Contact Information – Ernie Ohlin, Deputy Director of Public Works 
– Water Resources, Tehama County 

Description: 

• Purpose – Tehama County has suffered major adverse flood impacts 
from Burch and Jewett creeks during flood events. They overflow and 
cause major overland sheet flow flooding of infrastructure, homes, etc. 
Construction of control structures to allow for peak flows to be 
discharged into detention basins would reduce flood impacts. 
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• Concept – The locations of the proposed detention basins have not yet 
been determined; however, potential benefits would include: 

- Alleviate peak flood flows, reduce the risk to public health and 
safety, and reduce flood damage to residences, businesses, and 
public infrastructure in the vicinity of the city of Corning 

- Assist in groundwater recharge of the local aquifer 

- Capture surface stormwater for conservation, conjunctive use, and 
increased water supply  

• Relation to SPFC Facilities – To Be Determined 

Project Status:  Conceptual: The October 2006 Tehama County Flood 
Mitigation Plan identifies several actions that are recommended for 
implementation to mitigate the adverse impacts from flooding in Tehama 
County. Formulate a Flood Management Plan for Jewett and Burch creeks 
in the vicinity of Corning is one such action and includes consideration of 
detention storage as a possible action.  

Applicable Management Action(s):  Additional Storage – Floodplain 
(Transitory) Storage 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Promote Multi-Benefit Projects 

Extent of Benefit Area:  Reducing peak flood flows and releasing them at 
a later time have local benefits and could apply regionally and statewide if 
controlled releases are coordinated with other downstream and upstream 
agencies. 

• Potential to Provide Multi-Benefits 

• Flood Damage Reduction Benefit – Reduce flooding locally by 
reducing peak flows.  

Reduce downstream flooding by conducting controlled releases of the 
retained water. 

• Ecosystem Restoration – Creation of detention basins also creates 
open space and potential habitat for wildlife and native vegetation. 
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• Water Supply – Detention basins hold water up to a maximum of 30 
days; therefore, depending on the soils underlying each detention basin, 
water will naturally seep to the ground while water is retained in the 
detention basin.  

Due to the fact that a detention basin will release the floodwaters over a 
longer period of time, there will be additional groundwater recharge 
occurring via streambed recharge. 

Water quality downstream will be improved since sediment and debris 
would collect in the basins. 

• Recreation and Other Benefits – To Be Determined 

Implementation Cost:  Costs for completing the Flood Management Plan 
was estimated at approximately $300,000. No estimate for 
implementation/construction of the basins. 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Detention basins would be emptied 
at a controlled rate to ensure that flows are maintained within the 
channel capacity. This would potentially improve flooding conditions 
downstream from the project. 

• Adverse Environmental Impact and Regulatory Issues – Flood 
management actions, especially structural management actions, have 
the potential to adversely impact the environment while meeting other 
flood management goals. The impacts of this project have not yet been 
determined. 

• Other 

Associated Studies 

To Be Determined  

References 

Drainage Study. Available: 
<http://www.civilsolutions.com/workspaces/tehama/report-total-04-
06-updated-cover.pdf> 

Secretary of the Army Civil Works Division Annual Report FY 07 South 
Pacific Division. Available: 

January 2012 1-57 
Public Draft 

http://www.civilsolutions.com/workspaces/tehama/report-total-04-06-updated-cover.pdf
http://www.civilsolutions.com/workspaces/tehama/report-total-04-06-updated-cover.pdf


2012 Central Valley Flood Protection Plan 
Attachment 7A: Local and Regional Project Summaries 

<http://www.usace.army.mil/CECW/PID/Documents/annual_reps/f
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Tehama County Flood Mitigation Plan. Available: 
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1.16 Construct Peak Overflow Detention Basins on 
Streams in Glenn County 

Project Type:  Additional Storage 

Location Information:   

• Region – Upper Sacramento 

• Subregion –Westside Tributaries 

• Location – The County of Glenn is located in the Sacramento Valley 
midway between the city of Sacramento and Redding in Northern 
California. The city of Willows is located in western Glenn County 
along I-5, approximately 85 miles north of Sacramento 

• Community Setting – Small Community (City of Willows, Pop. Less 
than 7,000) and surrounding rural area 

Project Proponents:   

• Potential Lead Agency – Colusa Basin Drainage District 

• Potential Partners – U.S. Department of the Interior, Bureau of 
Reclamation (Reclamation), DWR 

• Contact Information – Ernie Ohlin, Deputy Director of Public Works 
– Water Resources, Tehama County 

Description:   

• Purpose – The CBDD is currently planning two floodwater detention 
facilities: one west of Willows on South Fork Willow Creek to reduce 
flooding in Willows, and one in the Wilson Creek area. In addition to 
these two sites, the CBDD has other sites in Glenn and Colusa counties 
(e.g., Funks Creek reservoir) targeted for remediation measures, 
including, but not limited to, detention facilities. 

• Concept – The South Fork Willow Creek Basin would be located in the 
foothills approximately 12 miles west of Willows. The basin would 
detain stormwater from upper Willow Creek, which would then be 
released after storm flows recede. The proposed embankment (dam) 
would be approximately 70 feet high, including 10 feet of freeboard 
above the 100-year water surface elevation. The embankment cross 
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section would range from 200 to 550 feet wide at the bottom and up to 
20 feet wide at the top. The total length of the embankment would be 
roughly 600 feet. The detention basin would accommodate up to 5200 
acre-feet of storage and would inundate approximately 305 acres during 
the 100-year storm. 

As designed, the South Fork Willow Creek detention basin is 
anticipated to reduce peak flow in the combined Willow Creek and 
Wilson Creek channels at Willows (at flood stages, Willow Creek and 
Wilson Creek are practically combined channels) by approximately 14 
percent for the 100-year flood and 11 percent for the 5-year flood. 
Modeling suggests the flooded area would reduce as much as 25 
percent for the 100-year flood and 47 percent for the 5-year flood.  

The proposed Wilson Creek detention basin would be located and 
designed to operate in the same manner as the South Fork Willow 
Creek detention basin. The embankment would be 55 feet high (10 feet 
of freeboard above the 100-year water surface elevation), and the cross 
section would be approximately 300 feet wide at the bottom and 20 feet 
wide at the top. The total length of the embankment would be roughly 
3,500 feet, and the basin would hold up to 2,300 acre-feet and inundate 
approximately 163 acres during the 100-year design inflow. The 
Wilson Creek detention basin is anticipated to reduce peak flow in the 
combined Willow Creek and Wilson Creek channels at Willows by 
approximately 7 percent for the 100-year flood and 6 percent for a 5-
year flood. Modeling suggests the flooded area in the vicinity of 
Willows would reduce as much as 13 percent for the 100-year flood 
and 26 percent for the 5-year flood. 

Potential benefits of the two basins would include: 

- Alleviate peak flood flows, reduce the risk to public health and 
safety, and reduce flood damage to residences, businesses and 
public infrastructure in the vicinity of the city of Corning 

- Assist in groundwater recharge of the local aquifer  

- Capture surface stormwater for conservation, conjunctive use, and 
increased water supply  

• Relation to SPFC Facilities – To Be Determined  
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Project Status:  The South Fork Willow Creek Detention Facility is 
completely designed, has nearly all permits secured and has a bid packet 
ready for distribution as soon as funding becomes available. The Wilson 
Creek Detention Facility still requires further study to determine its 
feasibility. 

Applicable Management Action(s):  Additional Storage – Floodplain 
(Transitory) Storage 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management  

• Supporting Goals – Promote Multi-Benefit Projects 

Extent of Benefit Area:  Reducing peak flood flows and releasing them at 
a later time have local benefits and could apply regionally and statewide if 
controlled releases are coordinated with other downstream and upstream 
agencies. 

Potential to Provide Multi-Benefits: 

• Flood Damage Reduction Benefit – Reduce flooding locally by 
reducing peak flows.  

• Reduce downstream flooding by conducting controlled releases of the 
retained water. 

• Ecosystem Restoration – Creation of detention basins also creates 
open space and potential habitat for wildlife and native vegetation. 

• Water Supply – Detention basins hold water up to a maximum of 30 
days; therefore, depending on the soils underlying each detention basin, 
water will naturally seep to the ground while water is retained in the 
detention basin. 

Due to the fact that a detention basin will release the floodwaters over a 
longer period of time, there will be additional groundwater recharge 
occurring via streambed recharge. 

Water quality downstream will be improved since sediment and debris 
would collect in the basins, and erosion would be minimized due to 
controlled discharge. 

• Recreation and Other Benefits 
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Implementation Cost:  Capital Construction: $11.2 – 13.7 million (South 
Fork Willow Creek), $10.3 – $12.6 million (Wilson Creek); Wilson Creek: 
$292,000 (South Fork Willow Creek), $178,000 (Wilson Creek) 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Detention basins would be emptied 
at a controlled rate to ensure that flows are maintained within the 
channel capacity. This would potentially improve flooding conditions 
downstream of the project. 

• Adverse Environmental Impact and Regulatory Issues – Colusa 
Basin groundwater has elevated salt concentrations that may adversely 
affect yields of commonly grown crops. 

• Other 

Associated Studies 

Colusa Basin Drainage District Watershed Management Plan (Not yet 
released) 

References 

Glenn County general plan Volume II. Available: 
<http://gcplanupdate.net/_documents/docs/VOLUME%20II-
ISSUES-1.pdf> 

Colusa Basin Drainage District Integrated Water Management Plan 
presentation. Available: 
<http://colusagroundwater.ucdavis.edu/040109_Glenn_Colusa%20
Presentations%20pdf/Massa%20Presentation%20-%20CBDD.pdf> 

Wilson Creek detention Basin Hydrogeologic Evaluation. Available: 
<http://www.glenncountywater.org/documents/CBDDWilsonCreek
SOWforWeb.pdf> 

Colusa Basin Watershed Assessment. Available: 
<http://www.colusarcd.org/nodes/projects/ColusaBasinWatershedA
ssessmentMainPage.htm> 
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1.17 Gravel Augmentation at Cottonwood Creek 

Project Type:  Ecosystem Functions 

Location Information:   

• Region – Upper Sacramento 

• Sub-region – Eastside/Westside Tributaries 

• Location – North Fork Cottonwood Creek, located between 9,600 and 
10,000 feet in elevation within the White Mountains 

• Community Setting – Nonurban area 

Project Proponents:   

• Potential Lead Agency – National Forest Service (NFS) 

• Potential Partners – DFG, USFWS 

• Contact Information – Erin Lutrick  

Description: 

• Purpose – Improve spawning habitat within the North Fork 
Cottonwood Creek, for the federally endangered Paiute cutthroat trout 
(Oncorhynchus clarki seleniris). 

• Concept – The North Fork Cottonwood Creek Gravel Augmentation 
Project would improve spawning habitat by adding gravel within an 
approximately 2-mile section of North Fork Cottonwood Creek. Up to 3 
cubic yards of weed-free rounded gravel from ½ inch to 1 inch in 
diameter would be delivered by truck to a stockpile site above the 
Cottonwood Creek 4WD route, and transported from there to the 
project site by pack stock, and stockpiled in small piles in the vicinity 
of the creek. 

The gravel would be placed in the creek by hand, using a standard 
shovel and buckets at up to 25 individual sites, until enough gravel has 
been placed to adequately provide for spawning habitat (approximately 
3 inches deep, in areas ranging from 5 to 10 square feet at each site). 
Implementation of the project is expected to be completed within 5 
days, and would occur during the late summer/early fall months, 
outside the spawning period for the Paiute cutthroat trout. 
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Monitoring would occur during the next several years, and follow-up 
work would occur as needed. It is anticipated that additional gravel 
augmentation would be needed within 10 to 12 years, as gravel 
becomes embedded or washed downstream and unavailable as 
spawning habitat. 

• Relation to SPFC Facilities – Not applicable. 

Project Status:  Gravel Augmentation has been completed. No follow-up 
monitoring has occurred due to insufficient funding. 

Applicable Management Action(s):  Ecosystem Functions 

Contribution to CVFPP Goals:   

• Primary Goal – Not applicable 

• Supporting Goals – Promote Ecosystem Functions 

Extent of Benefit Area:  Local increase in trout population. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit 

• Ecosystem Restoration – This project is consistent with management 
direction in the Inyo National Forest Land and Resource Management 
Plan (1988) with regards to Threatened and Endangered fish: 

- Rehabilitate and maintain essential habitat for these species 
according to the species’ recovery plans and Memoranda of 
Understanding with the DFG and the USFWS. 

- Provide high-quality habitat for threatened and endangered fish 
species based on the results of habitat capability model analyses. 

• Water Supply 

• Recreation and Other Benefits 

- Increased fish populations could eventually lead to increased 
fishing tourism. 

Implementation Cost:  Initial project costs estimated at approximately 
$21,000. 
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Implementation Considerations:   

• Redirected Hydraulic Impacts 

• Adverse Environmental Impact and Regulatory Issues – The Paiute 
cutthroat trout were transplanted in this creek as a refuge for their 
native habitat in the Carson-Iceberg Wilderness. Since Cottonwood 
Creek is not their native habitat, a small potential exists for negative 
impacts on the local ecosystem once the cutthroat trout populations 
have sufficiently increased. It has been determined that these potential 
negative impacts are offset by the positive impacts of saving an 
endangered species from possible extinction. 

• Other 

Associated Studies 

Due to funding issues, no follow-up studies have been completed for this 
project. 

References 

Article on project.  Available: <http://yubanet.com/regional/Forest-Service-
is-Seeking-Comments-on-a-Proposal-to-Improve-Spawning-
Habitat-in-the-North-Fork-of-Cottonwood-Creek_printer.php> 

Decision Memo: North Fork Cottonwood Creek Gravel Augmentation 
Project. Provided by Erin Lutrick 
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1.18 Stabilize Sycamore Creek Erosion Through 
Construction of Grade Control Structures 

Project Type:   

• System Modifications - Levees/Floodwalls/Hydraulic Structures 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Eastside/Westside Tributaries 

• Location – Sycamore Creek, a tributary of Mud Creek.  Levees on the 
left bank of Mud Creek extend upstream along Highway 99 to nearly 
the mouth of Sycamore Creek 

• Community Setting – Urban 

Project Proponents:   

• Potential Lead Agency – DWR 

• Potential Partners – TNC 

• Contact Information – To Be Determined 

Description: 

• Purpose – In recent years, significant erosion has occurred of the bed 
and bank on the lower reaches of Sycamore Creek, both directly at and 
just below its confluence with the Diversion Channel from Big Chico 
Creek.  The channel, before the addition of floodwaters, was a 
relatively small stream with no significant scour holes or erosion into 
the underlying “fanglomerate” geologic structure.  Scour and erosion is 
evident in an originally buried sewer pipe being exposed and scour at 
several bridges downstream of Cohasset Road.  All such erosion is 
taking place in the areas of Mud Creek and its tributary Sycamore 
Creek that are far upstream from the areas of these creeks affected by 
the backwater of the Sacramento River.  With the relatively narrow 
levees along Mud Creek, sediment carried by the stream has no place to 
go besides settle in the bottom of the flood control channel.  Due to 
levees on both sides of the channel, and added sediment from channel 
erosion upstream, this is perhaps most dramatic on Mud Creek, 
beginning from the reach between Meridian Road and Sacramento 
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Avenue, and continuing to Big Chico Creek.  Depending on the storm, 
sediment may either be deposited in the channel, if the river is at high 
stage and the creek(s) have the discharge necessary to transport 
sediment.  Another possibility is if the river is at a lower stage, the 
creeks may sluice this sediment down to where it meets the river 
backwater. 

• Concept – Important strategy in the protection and enhancement of 
rearing habitat for anadromous fish and riparian floodplain vegetation is 
the selective removal or realignment of levees, berms, revetment and 
other flood control features at the confluence of Mud Creek and Big 
Chico Creek with the Sacramento River Level.  Local landowners have 
indicated they would support a more naturalized channel design if it 
ensured an increase in floodway capacity.  Based on a study, the 
following conservation actions have been recommended: 

- Establish conservation programs with willing landowners adjacent 
to Mud Creek and Big Chico Creek within the Sacramento River 
Conservation Area.  The Nock and Singh parcels are priority 
acquisitions for several reasons. 

- Restore landforms to improve floodway capacity and channel-
floodplain connectivity. 

- Restore native plant communities to improve floodplain habitat. 

- Ensure long-term management and coordinated conservation 
ownership. 

• Relation to SPFC Facilities – Not applicable  

Project Status:  Feasibility Study (unconfirmed) 

Applicable Management Action(s):  System Modifications: Bypasses 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions 

Extent of Benefit Area:  Project would have local and regional benefits. 
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Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Increase flood capacity, improve 
floodway capacity, improve channel floodplain connectivity for 
anadromous fish use, and would not cause undesirable flooding on 
downstream parcels.  Important physical processes that create and 
maintain natural channel and bank conditions would be restored 
including sediment transport, channel erosion and deposition, and 
increased temporal and spatial connection of the creek with the 
floodplain during times of high flow by alleviating the scour and debris 
problem in the tributaries of Mud Creek (including Sycamore Creek), 
and prevent backwater from the Sacramento River 

• Ecosystem Restoration – Juvenile Chinook salmon of all races 
(spring-, fall-, late fall-and winter-run) and steelhead trout, as well as 
non-game fish species, including Sacramento sucker (Catostomus 
occidentalis), Sacramento pike-minnow (Ptychocheilus grandis), 
hardhead (Mylopharodon conocephalus), hitch (Lavinia exilicauda), 
tule perch (Hysterocarpus traskii), and Sacramento splittail have been 
documented rearing in the tributaries flowing through or near the study 
area.  The entire confluence area may be extremely important as rearing 
habitat for juvenile salmonids and restoration at this site may be highly 
beneficial and cost effective.  The project would restore riparian areas 
which provide productive breeding grounds and offer over-wintering 
and migration stopover areas for avian species.  This area presents 
excellent opportunities for protecting and restoring habitat critical for 
anadromous fish, neotropical migrant bird populations, and riparian 
forest communities. 

The site has deep alluvial soil with natural drainage features, making it 
ideal for riparian forest restoration.  A variety of native riparian 
vegetation communities may be restored based on the soil conditions 
and the needs of flood managers. 

• Water Supply – Project will allow for more groundwater recharge and 
supply. 

• Recreation and Other Benefits – Possible location for lineal park 
along the length of Sycamore Creek to the Sacramento River. 

Implementation Cost:  To Be Determined 
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Implementation Considerations:   

• Redirected Hydraulic Impacts – This project would alter the 
hydrologic conditions of this area, changing landforms and key hydro-
geomorphic processes from its natural conditions.  The hydrographs of 
the un-dammed tributaries are relatively natural and intact, providing a 
sound basis for restoration efforts in this area.  The natural hydrographs 
of the tributaries provide the temporal and spatial temperature regime 
that native aquatic species have evolved with. 

• Adverse Environmental Impact and Regulatory Issues – Concern 
for fish and wildlife is related to the stranding of up-migrating adult 
salmonids and some concern for decreases in riparian vegetation in 
Bidwell Park. 

• Other 

Associated Studies 

To Be Determined  
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1.19 Rehabilitate Chico Creek Diversion Structure 

Project Type:  System Modifications 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Eastside/Westside Tributaries 

• Location – Chico Area 

• Community Setting – Urban 

Project Proponents:   

• Potential Lead Agency – DWR 

• Potential Partners – USACE, Butte County Public Works 

• Contact Information – To Be Determined 

Description: 

• Purpose – Big Chico Creek diversion structure helps reduce flood risk 
in Chico and local transportation facilities.  Diversion structures on the 
eastern side of Chico, Big Chico Creek, and Lindo Channel divert 
excess flows through a diversion channel to Sycamore Creek.  These 
structures include the Big Chico Creek Gates, Lindo Channel Gates, 
and the Sycamore Weir.  The diversion channel, about 2 miles long, has 
a design capacity of 8,500 cfs and has a levee along the left bank. 

• Concept – The project potentially includes the unimproved channels of 
Big Chico Creek and Lindo Channel that lie between the diversion 
structure and the Sacramento River. 

Channel improvements and levees extend along both banks of 
Sycamore Creek, Sheep Hollow, and Mud Creek.  About 20 miles of 
levee are located along these channels, downstream from the diversion 
channel.  Levees line portions of the diversion channel.  The design 
capacity of these levees at their upstream end on Sycamore Creek is 
10,000 cfs with 3 feet of freeboard.  Sheep Hollow (with a design 
capacity of 1,400 cfs) and Dry Creek (with a design capacity of 500 
cfs) enter Sycamore Creek about 1.8 miles upstream from the Sycamore 
Creek and Mud Creek confluence.  At the confluence, Sycamore Creek 
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has a design capacity of 11,000 cfs and Mud Creek has a capacity of 
5,500 cfs. While the design capacity of Mud Creek is 15,000 cfs for 
most of its length, portions of the channel have a capacity of 13,000 cfs. 

• Relation to SPFC Facilities – Big Chico Creek Gates, Lindo Channel 
Gates, Sycamore Weir 

Project Status:  Conceptual 

Applicable Management Action(s):  System Modifications – 
Levees/Floodwalls/Hydraulic Structures 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management  

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Improve Institutional Support, Promote Multi-Benefit Projects 

Extent of Benefit Area:  This project has local and regional benefits.  

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Reduce flood risk in Chico and 
local transportation facilities.  

• Ecosystem Restoration – Unknown 

• Water Supply – Unknown 

• Recreation and Other Benefits – Unknown 

Implementation Cost:  To Be Determined 

Implementation Considerations:   

• Redirected Hydraulic Impacts – To Be Determined 

• Adverse Environmental Impact and Regulatory Issues – Flood 
management actions, especially structural management actions, have 
the potential to adversely impact the environment while meeting other 
flood management goals. The impacts of this project have not yet been 
determined. 

• Other 
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Associated Studies 

None 

References 

California Department of Water Resources. Central Valley Flood 
Management Planning Program (FloodSAFE). State Plan of Flood 
Control Descriptive Document. November 2010. Available: < 
http://www.water.ca.gov/cvfmp/documents.cfm >. Accessed: May 
6, 2011 
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1.20 Deer Creek Levee Setback and Environmental 
Enhancement Project, Lower Deer Creek 
Flood Reduction and Fisheries Restoration 
Project 

Project Type:  System Modifications - Bypasses 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Eastside/Westside Tributaries 

• Location – Deer Creek, a tributary off the middle reach of the 
Sacramento River, is located near Nevada City and is home to 
floodplain habitats that have been identified as biological “hotspots” 
because they provide vital habitat for fish and wildlife.  The project is 
located on the eastern side of Tehama County, near the town of Vina 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – Deer Creek Watershed Conservancy 

• Potential Partners – Wildlife Conservation Board, USACE, DFG, 
Tehama County Flood Control and Water Conservation District 
(WCD), U.S. Department of Transportation (USDOT), Four Pumps 
Program, National Marine Fisheries Service (NMFS), USFWS 

• Contact Information – Holly Savage 

Description: 

• Purpose – Portions of levees constructed by USACE in 1948 to convey 
flows up to 21,000 cfs may not actually have been built to the 21,000 
cfs capacity. Modeling results of existing conditions suggest that 
portions of the existing levee system are overtopped as low as 10,000 
cfs. 

Reconstructing and setting back the levee on both sides of the stream 
would increase the floodplain and increase the transitory storage 
capacity, restore channel form and function to improve O&M and 
facilitate flood damage reduction, remove barriers to fish passage, set 
back levees to connect rivers to floodplains, restore channel alignment, 
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encourage natural physical geomorphic processes including channel 
migration and sediment transport, protect critical infrastructure 
corridors from flood waters (MA-069). This project is an effort to 
respond to the flooding and habitat problems in lower Deer Creek and 
explore the concept of deliberately using the floodplain of Deer Creek 
to accommodate part of the flood flows in a controlled fashion.  With 
careful planning and adequate protections for vulnerable property and 
infrastructure, this project will seek to reduce flood flows and allow the 
channel to reestablish some of its irregular, hydraulically rough, and 
ecologically complete pre-levee condition. 

• Concept – This plan includes developing performance measures; 
conduct adaptive management experiments; advance process 
understanding; establish integrated science programs in complicated 
field settings, compare effectiveness of different restoration strategies; 
coordinate and extend existing monitoring; and take advantage of 
existing data.  Key milestones include the following: 

- Phase I – Chartering with Stakeholders (May 31, 2004); 
Assembling/Reviewing Existing Data/Information (June 30. 2004); 
Monitoring Plan Development and Initiation (April 16, 2007);  
Workshop with Participants/Stakeholders/Agencies (Ongoing) 
Preliminary Modeling Setup (May 30, 2007); Collection of 
Additional Data Hydrologic/Hydraulic Modeling Evaluation of 
Preliminary Scenarios Hydrologic/Hydraulic Analyses for Fluvial 
Geomorphology Review of Project Elements Versus Conceptual 
Model Select Alternatives  (March 19, 2008);  Workshop 
Alternatives and Evaluation: Technical Advisory Committee (TAC) 
Meeting – July 7, 2008 Conferences and Other Meetings 
(Ongoing); Document Alternatives and Monitoring – 
Feasibility/Monitoring Report (August 15, 2008) 

- Phase II – Conceptual Design of Initial Implementation Project 
Elements Conceptual Design of Selected Alternatives (September 
19. 2008) Public Presentation/Workshop of Conceptual Design 
(July 8, 2008) Final Report/End of Project (January 31, 2009) This 
project is a direct link to milestones for the Ecosystem Restoration 
Plan (ERP) Multi-Species Conservation Strategy for the 
Sacramento River Basin Ecological Processes: 

- Milestone 59 – Develop floodplain management plans, including 
feasibility studies to construct setback levees, to restore and 
improve opportunities for rivers to inundate their floodplain on a 
seasonal basis for at least one tributary within each of the 
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Ecological Management Zones (EMZ) in the Sacramento River 
Basin. 

- Milestone 64 – Restore 2 miles of the 10-mile target of riparian 
habitat restoration along the lower reaches of the Deer Creek 
tributary. 

• Relation to SPFC Facilities – Not applicable  

Project Status:  Design 

Applicable Management Action(s):  System Modifications: Setback 
Levees 

Contribution to CVFPP Goals: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Improve Institutional Support, Promote Multi-Benefit Projects 

Extent of Benefit Area:  This project would likely have local, regional, 
and systemwide benefits. 

Potential to Provide Multi-Benefits: 

• Flood Damage Reduction Benefit – This project will investigate the 
feasibility of providing a higher level of flood protection (up to 26,300 
cfs, the 100-year flow) by further setting back and/or raising the levees, 
thereby increasing the level of flood protection and reducing the risk of 
future levee failure from overtopping and/or lateral scour. 

• Ecosystem Restoration – Fish passage improvements (steelhead, 
spring-run and fall-run Chinook) by replacing the existing dam with a 
seasonal structure and may also increase the deposition of spawning 
gravel. The project could also expand the riparian zone providing a 
larger and more continuous corridor by setting-back levees. 

• Water Supply – There will be groundwater recharge. 

• Recreation and Other Benefits – This project includes extended 
livestock exclusion with setback levees, and sediment deposition from 
decreased flow velocities resulting from the growth of riparian 
vegetation. 

Implementation Cost:  $17,370,888 
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Implementation Considerations:   

• Redirected Hydraulic Impacts – The Deer Creek Floodplain 
Restoration Project will alter the hydraulics for the project area through 
expansion of the floodplain and removal of the levee setback.  Flow 
during major flood events will not be obstructed by the levee setback 
and will continue to flow throughout the Deer Creek floodplain.  

• Adverse Environmental Impact and Regulatory Issues – Not 
applicable 

Associated Studies 

To Be Determined 

References 

American Rivers.  2010 Orvis Conservation Grant Project: Sacramento 
River – Deer Creek. Available: < 
http://www.americanrivers.org/our-work/restoring-rivers/floods-
floodplains/orvis-conservation-grant-sacramento.html>.  Accessed 
on April 19, 2011. 

Sacramento River Conservation Area Forum – Project Tracker.  Available: 
< 
http://www.sacramentoriver.org/ProjectTrak/ProjectTrack_Details.a
spx?var1=139>.  Accessed on April 18, 2011 

American Rivers. Deer Creek Floodplain Restoration.  Available: 
<http://www.americanrivers.org/our-work/water-supply/storage-
flows/deer-creek-floodplain-rest.html>. Accessed on April 19, 2011 
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1.21 Remove Sediment and Rehab Structure as 
Necessary at Tisdale Weir 

Project Type:  Operations and Maintenance 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Sutter Bypass/Tisdale Bypass 

• Location – Tisdale Weir 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – USACE 

• Potential Partners – DWR 

• Contact Information – To Be Determined 

Description: 

• Purpose – Tisdale Weir and Bypass are crucial to the security of the 
Colusa and Sutter Basins.  It provides relief of major flood flows in the 
main stem of the Sacramento River eastward into the Sutter Bypass.  
Tisdale Weir sends water into the Tisdale Bypass in Sutter County.  
There is a serious sediment problem in this area that can cause 
restriction to flood flows.  Debris impedes flow into the Tisdale Bypass, 
which results in unnecessarily high Sacramento River flows and 
potential flood risk.  Without sedimentation control, the risk of 
overstressing levees and extensive flood damage increase yearly. 

DWR spent approximately $5 million to remove sediment accumulated 
at the mouth of Tisdale Weir.  In addition, the State is constructing an 
$8 million bridge to replace the structure currently across the weir – an 
ancient wood structure with footings so close together it traps river 
debris and blocks the flow into the bypass.  The old bridge reduced 
weir capacity to 22,000 cfs from its design capacity of 33,000 cfs.  The 
effect will be a reduction of pressure on the Sacramento River levees 
that protect the Meridian and Robbins basins from flooding (2008). 
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• Concept – Remove approximately 2.5 million cubic yards from the 
Tisdale Bypass in summer 2007. Construct a bridge to replace the 
structure currently across the Tisdale Weir. 

• Relation to SPFC Facilities – Tisdale Weir  

Project Status:  Completed or Construction (project status is unclear) 

Applicable Management Action(s):  O&M – Dredging and Clearing 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Improve Institutional Support, 
Promote Multi-Benefit Projects 

Extent of Benefit Area:  The project has local, regional, and systemwide 
benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Removing sediment and 
improving the Tisdale Weir would alleviate the threat to public safety 
and the potential liability for substantial damages from backwater 
effects of restricted flood flows. 

• Ecosystem Restoration – None 

• Water Supply – None  

• Recreation and Other Benefits – None 

Implementation Cost:  Estimated $13 million 

Implementation Considerations:   

• Redirected Hydraulic Impacts – None.  Hydraulic changes would 
have beneficial impacts. 

• Adverse Environmental Impact and Regulatory Issues – No adverse 
affects. 

Associated Studies 

None 
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1.22 Protect Woodson Bridge Hard Point 

Project Type:  Floodplain Management 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Upstream of Chico 

• Location – Tehama County between, Tehama County Highway A9 
Bridge (Woodson Bridge). 

• Community Setting – Small Community 

Project Proponents:   

• Potential Lead Agency – DWR 

• Potential Partners – DFG, Tehama County, State Parks, TNC, 
SRCAF, USFWS, USACE 

• Contact Information – Patricia Bratcher, DFG  

Description: 

• Purpose – Woodson Bridge State Recreation Area is susceptible to 
renewed bank erosion since the removal of the Palisades Demonstration 
Bank Protection Project on the Sacramento River since 1997.  This area 
has major erosion problems. If no action taken, it is estimated about 40 
acres will be eroded in the next 25 years (DWR, 1998). 

The unleveed reach of the Sacramento River has an active meandering 
bed with wide floodplains.  Upstream from Woodson Bridge, extensive 
existing rock protection on both channel banks maintains the river’s 
alignment through the bridge and prevents erosion.  This area has 
potential for restoration habitat, bank rock removal, bank protection, 
and reconnection of Kopta Slough to the main channel. 

This project is part of the Kopta Slough Flood Protection and Habitat 
Restoration Project under the project element “Protect West Abutment 
of Woodson Bridge and City of Corning Sewer Outfall” 

• Concept – Four options have been developed for erosion protection at 
Woodson Bridge.  The protection options included no site 
improvements, bendway weirs with bank vegetation, low berm with 
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upper bank vegetation, spur dikes with upper bank vegetation, and bank 
armor with upper bank vegetation. 

• Relation to SPFC Facilities – None 

Project Status:  Conceptual 

Applicable Management Action(s):  Floodplain Management – 
Floodproofing 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions 

Extent of Benefit Area:  Project would have local and regional benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Goal of the project is to reduce 
flood damage to protect public resources. 

• Ecosystem Restoration – Project would help restore habitat and 
ecosystem functions through restoring natural fluvial and floodplain 
process. 

• Water Supply – None 

• Recreation and Other Benefits – Project would protect the existing 
recreational facilities such as a boat launch ramp for water sports.  
There are currently nature-related activities, hiking, and picnicking in 
this area. 

Implementation Cost:  $973,000 for spur dikes, $1.14 million for 
bendway weirs, $1.43 million for bank armor, and $2.66 million for low 
berm 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Project would interrupt natural 
channel migration and associated erosion and deposition. 

• Adverse Environmental Impact and Regulatory Issues – No impact 
to sensitive plant species.  There may be impacts to the erosion of 
mature riparian forest plant communities, in which impacts can be 
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mitigated. There might also be impacts on animal and riverine aquatic 
habitat that depend on erosion, channel movement and/or shade. 

Associated Studies 

Kopta Slough Flood Damage Reduction and Habitat Restoration Project 
Feasibility Study Proposal (2008) 

References 

Response to E-mail Request by Stuart Edell, Upper Sacramento Work 
Group Subcommittee, Objectives Development, Memorandum. 
October 28, 2010. 

California Department of Water Resources (DWR). Hydraulic Analysis, 
Conceptual Design, and Preliminary Cost Estimate for the Kopta 
Slough Flood Damage Reduction and Habitat Restoration Study on 
the Sacramento River, RM 216 to RM 244. Tehama County, CA. 
December 28, 2009. 

DWR. Woodson Bridge State Recreation Area Long-term Solutions Study 
– Working Draft. November 1998. 

Sacramento River Conservation Forum Website. Available: 
<http://www.sacramentoriver.org/srcaf/index.php?id=kopta>. 
Accessed: May 5, 2011 
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1.23 Acquisition and Complete Restoration of 
Prospect Island 

Project Type:  Floodplain Management 

Location Information:   

• Region – Delta 

• Subregion – Not applicable 

• Location – Located in the North Delta in the Cache Slough Complex, 
at the southern end of the Yolo Bypass 

• Community Setting – Nonurban area 

Project Proponents:   

• Potential Lead Agency – Department of Water Resources 

• Potential Partners – Port of West Sacramento, CALFED Bay-Delta 
Program, DFG, USFWS, Nonprofit environmental organizations 

• Contact Information - To Be Determined 

Description: 

• Purpose – Restore the island to intertidal and appropriate subtidal 
habitat for the benefit of native fish and improved aquatic ecosystem 
function. 

Prospect Island restoration objectives are: 

- Create habitat suitable for federally listed threatened delta smelt 
(Hypomesus transpacificus) and proposed threatened Sacramento 
splittail. 

- Develop feeding, cover, and resting areas for anadromous fish 
including Chinook salmon.  

- Improve waterfowl and shorebird habitat.  

- Provide terrestrial and aquatic habitat for other wildlife species.  

• Concept – The project will entail breaching the Prospect Island levees 
to restore tidal marsh, open water habitat, and some upland/riparian 
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• Relation to SPFC Facilities – An Environmental Assessment/Initial 
Study (EA/IS) conducted by the USACE and DWR in June 2001 
determined that two levees bounding Prospect Island would be 
breached. 

Project Status:  Conceptual  

Applicable Management Action(s):  Floodplain Management – 
Easements/Acquisitions 

Contribution to CVFPP Goals 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Promote Ecosystem Functions, Improve O&M, 
Promote Multi-Benefit Projects 

Extent of Benefit Area:  Regional: flooding and ecological benefits in the 
local area.  

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – In the past, levees damaged by 
floods have had to be repaired. Breaching the levees in a way that will 
keep shipping lanes safe, will eliminate future need for repairs. 

• Ecosystem Restoration – The following opportunities have been 
identified: 

- Between 500 and 1000 acres of intertidal freshwater marsh will be 
created, depending on the actual elevations of the island. 

- Will partially satisfy required actions and Reasonable and Prudent 
Alternatives (RPA) in the Salmon Operations Criteria and Plan 
(OCAP) Biological Opinion (Action 1.6.2 (Liberty Island/Lower 
Cache Slough)) and the Delta Smelt OCAP Biological Opinion – 
RPA 4 (restore 8,000 acres of tidal marsh) 

- Identified as a Potential Action in the Fish Restoration Program 
Agreement between DFG and DWR 
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- Identified as a Bay-Delta Conservation Plan (BDCP) Priority 
Project for Near-Term Implementation and will count towards the 
BDCP aquatic habitat target acreage 

- Several special-status wildlife species could benefit from the 
creation of wetland, open water, and riparian habitats in the 
expanded floodplain. Species include the delta smelt, Sacramento 
splittail, Central Valley steelhead, and Chinook salmon. 

• Water Supply – Wetlands are known to improve water quality by 
binding sediment and removing nitrogen. Improved water quality could 
have positive impacts on regional water supplies. 

• Recreation and Other Benefits – Recreational fishing and waterfowl 
hunting as well as ecotourism could be enhanced by the creation of a 
wetlands area. 

Fishery production has been measured in the Delta for at least the past 
30 years and has been in decline.  This decline was accompanied by a 
loss of perennial shallow-water habitat (SWH).  It is hypothesized that 
the loss of perennial SWH contributed to the decline in food web 
resources in the Delta, because wetlands are sources of organic matter 
and nutrients needed for production at the base of the food web and 
nursery habitat for juvenile fish. 

Implementation Cost:  Estimated total cost for interim management, 
planning, and construction is between $15 million and $20 million. 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Flood protection is provided by 
removing the existing structures and allowing the natural flooding to 
occur in the project area. This should not negatively impact flooding in 
surrounding areas. 

• Adverse Environmental Impact and Regulatory Issues – Temporary 
construction impacts to wildlife, caused by habitat disturbance and 
noise, would be offset by long-term improvements in habitat values. 

Associated Studies 

Prospect Island is adjacent to planned and existing restoration projects in 
the Cache Slough Complex area. Restoration actions are already underway 
at nearby Liberty Island.  

January 2012 1-85 
Public Draft 



2012 Central Valley Flood Protection Plan 
Attachment 7A: Local and Regional Project Summaries 

Prospect Island Environmental Monitoring Plan. Available: 
<http://www.water.ca.gov/iep/activities/monitor/pi_monitor/MonitorPlan.c
fm> 

References 

Delta Habitat Projects news release.  Available: 
<http://www.water.ca.gov/news/newsreleases/2010/122210delta_ha
bitat_projects.pdf> 

California Department of Water Resources (DWR). Prospect Island 
Restoration Project Presentation. Available: 
<http://www.deltacouncil.ca.gov/delta_council_meetings/11_2010/
docs/supplemental_meeting_materials/DWR_Prospect_Island_Rest
oration_Project_Presentation.pdf> 

Prospect Island Ecosystem Restoration Project EA/IS. Available: 
<http://deltarevision.com/2001_docs/2001prospect_island.pdf> 
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1.24 Acquisition and Complete Restoration of 
Liberty Island 

Project Type:  Floodplain Management 

Location Information:   

• Region – Delta 

• Subregion – Not applicable 

• Location – Located in the north delta in the Cache Slough Complex, at 
the southern end of the Yolo Bypass 

• Community Setting – Nonurban area 

Project Proponents:   

• Potential Lead Agency –DWR 

• Potential Partners –DFG, USFWS, CALFED, NMFS, Private 
corporations, Nonprofit environmental organizations 

• Contact Information 

Description:   

• Purpose – Liberty Island already supports significant existing wildlife 
and has outstanding potential for restoration, floodplain management, 
and endangered species recovery. 

• Concept – Liberty Island is an inundated island encompassing 5,209 
acres in the northern Sacramento-San Joaquin Delta (Delta). It has been 
flooded since 1998 when levees were breached during high-water flows 
and the levees were not repaired by the landowners. Future restoration 
plans for Liberty Island are envisioned to use passive approaches that 
would allow wetland and riparian vegetation to establish naturally. 
Restoration may also include: 

- Creating additional breaches in the levee filling agricultural water 
delivery and drainage ditches,  

- Leveling an existing road bisecting the property  

- Excavating meandering sloughs to improve habitat quality and 
native fish access and to prevent fish stranding. 
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• Relation to SPFC Facilities – Additional breaches may be made to the 
levee. 

Project Status:  Unclear. Restoration activities have already taken part on 
a small portion (186 acres) by Wildlands Inc. to create the Liberty Island 
Conservation Bank at the northern tip of Liberty Island; however, this does 
not appear to be a part of this project.  

Applicable Management Action(s):  Floodplain Management – 
Easements/Acquisitions 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Promote Multi-Benefit Projects 

Extent of Benefit Area:  Regional: flooding and ecological benefits in the 
local area. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – In the past levees damaged by 
floods have had to be repaired. Breaching the levees in a way that will 
keep shipping lanes safe, will eliminate future need for repairs. 

• Ecosystem Restoration – Several special-status wildlife species could 
benefit from the creation of wetland, open water, and riparian habitats 
in the expanded floodplain. Species include the delta smelt, Sacramento 
splittail, Central Valley steelhead, and Chinook salmon. 

• Water Supply – Wetlands are known to improve water quality by 
binding sediment and removing nitrogen. Improved water quality could 
have positive impacts on regional water supplies. 

• Recreation and Other Benefits – Recreational fishing and waterfowl 
hunting as well as ecotourism could be enhanced by the creation of a 
wetlands area. 

Fishery production has been measured in the Delta for at least the past 
30 years and has been in decline.  This decline was accompanied by a 
loss of perennial SWH.  It is hypothesized that the loss of perennial 
SWH contributed to the decline in food web resources in the Delta, 
because wetlands are sources of organic matter and nutrients needed for 
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production at the base of the food web and nursery habitat for juvenile 
fish.  

Implementation Cost:  To Be Determined 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Flood protection is provided by 
removing the existing structures and allowing the natural flooding to 
occur in the project area. This should not negatively impact flooding in 
surrounding areas. 

• Adverse Environmental Impact and Regulatory Issues – Temporary 
construction impacts to wildlife, caused by habitat disturbance and 
noise, would be offset by long-term improvements in habitat values. 

• Other 

Associated Studies 

Liberty Island Conservation Bank Initial Study/Mitigated Negative 
Declaration. Available: 
<http://www.yolobypass.net/docs/meeting_8/liberty_island_april_09_with_
tabloid_figures.pdf> 

Liberty Island Environmental Monitoring Plan. Available: 
<http://www.water.ca.gov/iep/activities/monitor/pi_monitor/liberty/LI_Mo
nitoring_Plan.cfm> 

References 

Liberty Island Conservation Bank Initial Study/Mitigated Negative 
Declaration. Available: 
<http://www.yolobypass.net/docs/meeting_8/liberty_island_april_0
9_with_tabloid_figures.pdf> 

Delta Habitat Projects news release. Available: 
<http://www.water.ca.gov/news/newsreleases/2010/122210delta_ha
bitat_projects.pdf> 
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1.25 Silt/Sand Bar Removal Along Lower San 
Joaquin River 

Project Type:  O&M 

Location Information: 

• Region – Lower San Joaquin 

• Subregion – Not applicable 

• Location – Lower San Joaquin (including above, within, and below 
Paradise Cut) 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – To Be Determined 

• Potential Partners – To Be Determined 

• Contact Information – To Be Determined 

Description: 

• Purpose – The Flood Conveyance Plan identifies areas that need 
dredging throughout the lower San Joaquin River (including above, 
within, and below Paradise Cut)  

• Concept – To Be Determined 

• Relation to SPFC Facilities – None 

Project Status:  Unknown 

Applicable Management Action(s):  O&M – Dredging and Clearing 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Promote Multi-Benefit Projects 
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Extent of Benefit Area:  Project has local, regional, and systemwide 
benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Reduce physical flow 
constrictions from silt and sandbar issues in the San Joaquin River. 

• Ecosystem Restoration – Silt and sand deposits results in a decrease in 
abundance of invertebrates that are important as fish foods, but also 
results in a change in invertebrate species from those inhabiting the 
interstitial spaces of large particles to small, burrowing forms less 
available to fish. DFG observed that “many [fish] have rubbed 
themselves raw going over the shallow sandbars.”  Removal of these 
deposits will allow for restoration of fish and other aquatic species in 
affected areas. 

• Water Supply – None 

• Recreation and Other Benefits – None 

Implementation Cost:  To Be Determined. 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Clearing the San Joaquin River from 
silt and sandbar buildup would remove flow restrictions therefore 
allowing water to flow more freely and would alter the hydraulics of 
the river.  No adverse hydraulics impacts expected. 

• Adverse Environmental Impact and Regulatory Issues – Removal 
of silt and sandbar may disrupt riverine habitat temporarily but will 
improve the overall ecosystem. 

• Other 

Associated Studies 

To Be Determined 

References 

San Joaquin River Restoration Program, Fisheries Management Plan Draft. 
June 2009. 
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1.26 Vegetation Removal Along Mokelumne River 

Project Type:  O&M 

Location Information:   

• Region – Lower San Joaquin 

• Subregion – San Joaquin County 

• Location – Lower San Joaquin River 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – To Be Determined 

• Potential Partners – To Be Determined 

• Contact Information – To Be Determined 

Description: 

• Purpose – General vegetation issues exist on the Mokelumne River.  
Levees are typically devoid of trees and bushes, as vegetation is 
generally considered detrimental to the operation of the levees because 
it prevents easy visual inspection and because tree roots extending into 
the channel produce eddies that speed erosion of unreinforced soils. 

Traditional approaches to levee management involve removal of 
vegetation to inspect the levees.  Unfortunately, this practice creates 
ideal habitat for ground squirrels, which prefer disturbed soils, barren 
ground, and elevated areas.  Restoration of native riparian vegetation 
may be an effective means to reduce the impact of burrowing ground 
squirrels. 

• Concept – Remove vegetation along the Mokelumne River. 

Legislative Platform is to urge the Legislature to adopt a State Join 
Resolution supporting additional language into the new Federal Water 
Resources Development Act, such as “Require the U.S. Army Corps of 
Engineers to revisit its levee vegetation removal policy to more fully 
evaluate the potential impacts and implementation challenges.” 
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Information on the concept for the vegetation removal and bank 
stabilization in the Coral Hall Road area is currently unavailable. 

• Relation to SPFC Facilities – Levees along the Mokelumne River in 
lower San Joaquin River area. 

Project Status:  Conceptual Level 

Applicable Management Action(s):  O&M – Vegetation Management 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management  

• Supporting Goals – Improve O&M 

Extent of Benefit Area:  The project would likely local and regional 
benefits.  

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – The current urban flood 
protection system generally provides a 100-year level of flood 
protection.  Many levees in San Joaquin County are USACE project 
levees; therefore, any improvements to those levees must be 
coordinated through the USACE.  Senate Bill (SB) 5 mandates, among 
other things, a 200-year level of urban flood protection by 2025.  The 
USACE administers the Lower San Joaquin River Feasibility Study to 
identify options for improved flood protection for existing urban areas.   

• Ecosystem Restoration – None 

• Water Supply – None 

• Recreation and Other Benefits – None 

Implementation Cost:  $14.9 million for the Lower San Joaquin River 
Feasibility Study Project Cost. Project totals are unclear. 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Removal of vegetation could alter 
the hydraulics of the banks and levees such as flow velocities. 

• Adverse Environmental Impact and Regulatory Issues – Removal 
of vegetation on and near levees would have an adverse environmental 
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impact as the vegetation provides an important habitat to listed, 
threatened and endangered species. 

The removal of vegetation along watercourses reduces the quantity of 
suitable fish habitat and can cause an increase in water temperature 
which may lead to fish mortality.  Maintaining shoreline and aquatic 
vegetation provides cover for protection from predators and serves as a 
food source.  Mokelumne River contains some of the largest 
concentrations of riparian habitats of the Sacramento-San Joaquin 
Delta; these areas are important to many wildlife species for the food, 
shelter, and breeding sites they provide. 

• Other 

Associated Studies 

None 

References 

San Joaquin County. Adopted 2011 and 2012 State Legislative/Regulatory 
Platform and Policy Guidelines. February 8, 2011. 

U.S. Fish and Wildlife Service (USFWS). The Ecology of the Sacramento-
San Joaquin Delta: A Community Profile. Biological Report 85 
(7.22). September 1989. Available: 
<http://www.nwrc.usgs.gov/techrpt/85-7-22.pdf>. Accessed: May 
3, 2011 

San Joaquin County. County Wide General Plan, Volume III Vegetation, 
Fish, and Wildlife Habitat. 1992. Available: 
http://www.sjgov.org/commdev/cgi-bin/cdyn.exe/handouts-
planning_GP-V3-IV-F?grp=handouts-planning&obj=GP-V3-IV-
F>.  Accessed: May 3, 2011 
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1.27 Vegetation Removal and Bank Stabilization in 
the Coral Hall Road Area 

Project Type:  O&M 

Location Information:   

• Region – Lower San Joaquin 

• Subregion – San Joaquin County 

• Location – Lower San Joaquin River 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – San Joaquin County and San Joaquin Area 
Flood Control Agency 

• Potential Partners – USACE, DWR, Board 

• Contact Information – Thomas M. Gau, County of San Joaquin Public 
Works – Interim Director 

Description: 

• Purpose – San Joaquin Central Valley levee system that protects 
invaluable infrastructure has been neglected for decades.  In the Coral 
Hall Road area, vegetation and bank stabilization are both major issues 
– due to environmental conflicts, San Joaquin County has been unable 
to remove vegetation or stabilize levee slopes. 

USACE Levee Vegetation Removal Policy – After Hurricane Katrina, 
the USACE made major levee policy changes, which included new 
standards banning vegetation on or within 15 feet or levees (2009).  
Levee owners and operators are concerned that the new policy does not 
adequately consider that levee vegetation is viewed by many resource 
agencies as providing important habitat to listed, threatened and 
endangered species.  Pursuant to the Endangered Species Act (ESA), it 
may be impossible for many levee owners and operators to comply with 
the new policy within the required timeline.  In addition, there is 
unresolved debate as to whether vegetation impairs levees, or whether 
some vegetation can actually help stabilize levees.  San Joaquin County 
is urging that implementation of the levee removal policy be postponed 
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until the impacts can be fully evaluated, and the policy is scientifically 
validated and properly vetted. 

• Concept – Legislative Platform is to urge the Legislature to adopt a 
State Joint Resolution supporting additional language into the new 
Federal Water Resources Development Act, such as “Require the U.S. 
Army Corps of Engineers to revisit its levee vegetation removal policy 
to more fully evaluate the potential impacts and implementation 
challenges.” 

Information on the concept for the vegetation removal and bank 
stabilization in the Coral Hall Road area is currently unavailable. 

• Relation to SPFC Facilities – Levees along the San Joaquin River in 
San Joaquin County. 

Project Status:  Conceptual Level 

Applicable Management Action(s):  O&M – Vegetation Management 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Improve Institutional Support 

Extent of Benefit Area:  The project would likely local, regional, and 
systemwide benefits.  

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – The current urban flood 
protection system generally provides a 100-year level of flood 
protection.  Many levees in San Joaquin County are USACE project 
levees; therefore, any improvements to those levees must be 
coordinated through the USACE.  SB 5 mandates, among other things, 
a 200-year level of urban flood protection by 2025.  The USACE 
administers the Lower San Joaquin River Feasibility Study to identify 
options for improved flood protection for existing urban areas. 

• Ecosystem Restoration – None 

• Water Supply – None 

• Recreation and Other Benefits – None 
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Implementation Cost:  $14.9 million for the Lower San Joaquin River 
Feasibility Study (LWJRFS) project cost. 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Removal of vegetation could alter 
the hydraulics of the banks and levees such as flow velocities. 

• Adverse Environmental Impact and Regulatory Issues – Removal 
of vegetation on and near levees would have an adverse environmental 
impact as the vegetation provides an important habitat to listed, 
threatened and endangered species. 

• Other 

Associated Studies 

None 

References 

San Joaquin County. Adopted 2011 and 2012 State Legislative/Regulatory 
Platform and Policy Guidelines. February 8, 2011. 
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1.28 Reduce Flow Constrictions Along Ash Slough 
and Berenda Slough 

Project Type:  O&M 

Location Information:   

• Region – Upper San Joaquin 

• Subregion – Madera County 

• Location – Ash Slough and Berenda Slough 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – USACE 

• Potential Partners – Madera County Flood Control, Chowchilla Water 
District, DWR 

• Contact Information – To Be Determined 

Description: 

• Purpose – The Ash Slough provides flood control to upstream dams 
and in some portions carries irrigation water during the irrigation 
season. Berenda Slough is also an overflow flood control channel that 
is dry most of the year and carries water during heavy rain years; 
Berenda Slough is not part of the irrigation system.  Flooding has 
occurred over the Berenda Slough onto roads and farmland. 

• Concept – To Be Determined 

• Relation to SPFC Facilities – Ash Slough, Berenda Slough  

Project Status:  Unknown 

Applicable Management Action(s):  O&M – Reduce Flow Constrictions 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 
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• Supporting Goals – Improve O&M, Improve Institutional Support, 
Promote Multi-Benefit Projects 

Extent of Benefit Area:  Project would likely have local and regional 
benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Reduce potential damage to 
nearby farmland, residential homes, and infrastructure. 

• Ecosystem Restoration – Riparian habitat exists in Ash Slough. 

• Water Supply – Groundwater is replenished at Ash Slough for 
irrigation water use.   

• Recreation and Other Benefits – Open space trail system along Ash 
Slough and Berenda Slough that connects the urban area and Berenda 
Reservoir.  

Implementation Cost:  To Be Determined  

Implementation Considerations:   

• Redirected Hydraulic Impacts – Removing or improving restriction 
areas is worthwhile, but wholesale capacity increases lead to high 
velocities and erosion concerns. 

• Adverse Environmental Impact and Regulatory Issues – Flood 
management actions, especially structural management actions, have 
the potential to adversely impact the environment while meeting other 
flood management goals. The potential impacts of this project have not 
yet been determined. 

• Other – There could be compatibility or a constraint since San Joaquin 
River Restoration Program (SJRRP) goal could compete, or be 
compatible, with flood protection.  

Associated Studies 

To Be Determined  

References 

City of Chowchilla. General Plan Update 2040 Draft Environmental Impact 
Report. 2010.  
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1.29 Repair/modify Los Banos Creek Culverts 

Project Type:  O&M 

Location Information:   

• Region – Upper San Joaquin 

• Subregion – Los Banos Creek 

• Location – Los Banos Creek 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – DWR 

• Potential Partners – Reclamation 

• Contact Information – To Be Determined 

Description: 

• Purpose – There are two culverts on Los Banos Creek that constricted 
flow during the 1998 flood season.  Reclamation and DWR’s Division 
of Safety of Dams have completed numerous inspects of the Los Banos 
Detention Dam and have classified it as high risk.  The water is 
designed to flow away from the dam, following its natural channel.  
Over time, cattails and tules have grown around this lower basin and 
the discharge path, preventing proper drainage and causing water to 
back up into the surrounding area.  There is heavy growth of 
vegetation, and accumulation of debris and sediment which causes 
improper drainage. 

• Concept – San Luis Creek, Los Banos Creek, and the Chowchilla River 
have caused flooding in the past but were not studied because reservoirs 
constructed in 1966. 1965, and 1975, respectively have reduced the 1 
percent annual chance (100-year) discharges to less than the channel 
capacities.  All of these streams have relatively small, leveed channels.  
There is no planned development along these channels. 
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There is a program “Vegetation and Sediment Maintenance Program at 
Los Banos Detention Dam” that addresses the drainage issues in the 
project area.  Along with vegetation and sediment maintenance, the 
proposed actions entails stabilizing drainage slopes to prevent erosion 
into the creek, covering any stockpiled soil to prevent dust and siltation 
into the creek, and using drip pans or absorbent material to catch drips 
from equipment while parked. 

• Relation to SPFC Facilities – San Luis Canal, Los Banos Detention 
Dam, Los Banles Creek culverts  

Project Status:  Conceptual Level for repair/modification of culverts; 
environmental documentation of maintenance program. 

Applicable Management Action(s):  O&M – Reduce Flow Constrictions 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Multi-Benefit Projects 

Extent of Benefit Area:  Project would have local and regional benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Repair of the culverts will allow 
proper drainage and prevent water backup onto roads and damaging 
other infrastructure and areas upstream from the culvert.  Clearing the 
blockage of the culvert could prevent structural hazard of the San Luis 
Canal and the I-5 freeway. 

• Ecosystem Restoration – Extend area for channel restoration for birds 
and other wildlife. 

• Water Supply – None 

• Recreation and Other Benefits – None 

Implementation Cost:  To Be Determined 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Proposed action does not alter 
existing drainage pattern nor result in substantial increase in the rate or 
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amount of surface runoff in a manner in which would result in flooding 
on or off site. 

• Adverse Environmental Impact and Regulatory Issues – No 
destruction or adverse modification of the critical habitat of endangered 
species.  Low probability of affecting migratory birds and conservation 
measures have been incorporated into the project. 

• Other 

Associated Studies 

None 

References 

U.S. Department of the Interior, Bureau of Reclamation – Mid-Pacific 
Region, Draft Environmental Assessment, Vegetation and Sediment 
Maintenance Program at Los Banos Detention Dam. June 2010. 

Federal Emergency Management Agency. Flood Insurance Study. Merced 
County, California and Incorporated Areas. September 2010. 
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1.30 Mendota Pool Bypass 

Project Type:  Ecosystem Functions 

Location Information:  Describes project location. 

• Region – Upper San Joaquin 

• Subregion – Not applicable 

• Location – Western Fresno and Madera counties 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – DWR, Reclamation 

• Potential Partners – To Be Determined 

• Contact Information – To Be Determined 

Description: 

• Purpose – The proposed Mendota Pool Bypass would include a bypass 
around the Mendota Pool to convey restoration flows of at least 4,500 
cfs around the Mendota Pool and reconnect with the San Joaquin River 
downstream from Mendota Dam.  The project could also include 
constructing a bifurcation structure at the upper end of the bypass to 
convey flows into the Mendota Pool Bypass. 

• Concept – The project includes construction, and O&M of the Mendota 
Pool Bypass and improvements, including O&M of the San Joaquin 
River channel to allow Reach 2B to convey at least 4,500 cfs. The 
proposed Mendota Bypass Bifurcation Structure would be designed to 
divert water from the San Joaquin River to the Mendota Pool, 
consistent with the design channel capacity of Reach 2B that conveys 
flows to the Mendota Pool.  The bifurcation structure would be 
designed to direct fish into the bypass channel and minimize or avoid 
fish passage into the Mendota Pool.  Specific bypass alignments and 
facilities locations will be determined through the course of the 
EIS/EIR study.  Modifications to the current system that may be 
required include modifying existing levees, building new levees and a 
new river channel, and relocating existing infrastructure. 
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• Relation to SPFC Facilities – To Be Determined 

Project Status:  Feasibility Study 

Applicable Management Action(s):  System Modifications – 
Levees/Floodwalls/Hydraulic Structures 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Promote Ecosystem Functions 

Extent of Benefit Area:  Local and regional benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit - To Be Determined 

• Ecosystem Restoration – The project is the result of a settlement 
agreement that had two parallel goals.  One of these goals is to restore 
and maintain fish populations in “good condition” in the main-stem of 
the San Joaquin River below Friant Dam to the confluence of the 
Merced River, including naturally reproducing and self-sustaining 
populations of salmon and other fish. 

The bifurcation structure would be designed to direct fish into the 
bypass channel and minimize or avoid fish passage into the Mendota 
Pool. The bypass channel would mitigate a problem migrating salmon 
would face in arriving in Mendota Pool and finding unfamiliar water of 
Delta origin rather than Sierra water from the San Joaquin River and a 
myriad of pumping and diversion structures. 

• Water Supply – The project is the result of a settlement agreement that 
had two parallel goals. One of these goals is to reduce or avoid adverse 
water supply impacts to all of the Friant Division long-term contractors 
that may result from the interim flows and restoration flows provided 
for in the settlement. 

• Recreation and Other Benefits 

Implementation Cost:  To Be Determined  
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Implementation Considerations:   

• Redirected Hydraulic Impacts – Restoration actions, including the 
Mendota Pool Bypass have the potential to conflict with the routing of 
Kings River flood flows. The Mendota Pool Bypass would cause 
substantial changes to the geomorphology of the river. These changes 
could alter sediment transport and river hydraulics, potentially changing 
erosion and sedimentation characteristics, changing flow routing and 
‘stress’ points on adjacent levees and other infrastructure, and changing 
overall flooding characteristics. The bypass could also cause increased 
seepage in the area, exacerbating already high groundwater levels 
around the Mendota Pool. Long-term impacts to agricultural lands are 
expected as a result of high groundwater levels that are likely to affect 
production on adjacent agricultural lands. Substantial flood easements, 
mitigation, or acquisition of these lands will be necessary. 

Construction of the new bifurcation structure may cause changes in 
localized river hydraulics and flood flow characteristics causing 
excessive sand deposition in the area, necessitating additional sand 
removal (dredging) activities. 

• Adverse Environmental Impact and Regulatory Issues – Flood 
management actions, especially structural management actions, have 
the potential to adversely impact the environment while meeting other 
flood management goals. The potential impacts of this project have not 
yet been determined. 

Associated Studies 

To Be Determined  

References 

Mendota Pool Bypass and Reach 2B Improvements Public Scoping Report. 
February 2010. Available: 
<http://www.restoresjr.net/program_library/02-
Program_Docs/Reach2BScopingReportMainDoc201002.pdf> 

USBR Federal Register Notice to Prepare an EIR/EIS. July 2009. 
Available: <http://www.federalregister.gov/articles/2009/07/13/E9-
16462/mendota-pool-bypass-and-reach-2b-improvements-project-
under-the-san-joaquin-river-restoration#p-15> 
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1.31 Consider Structural Modifications to 
Mariposa Bypass 

Project Type:  System Modifications 

Location Information:   

• Region – Upper San Joaquin 

• Subregion – Not applicable 

• Location – San Joaquin River from the Reach 4B headgates near 
Washington Road to the confluence of the Mariposa Bypass with the 
San Joaquin River 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – DWR, Reclamation 

• Potential Partners – To Be Determined 

• Contact Information – To Be Determined 

Description: 

• Purpose – Part of the proposed Reach 4B, Eastside Bypass, and 
Mariposa Bypass Channel and Structural Improvements Project under 
the SJRRP. 

• Concept – The proposed action includes improving conveyance 
capacity in the San Joaquin River from the Reach 4B headgates near 
Washington Road to the confluence of the Mariposa Bypass with the 
San Joaquin River (generally referred to as Reach 4B1). The 
improvements will incorporate modifications to Reach 4B and the 
Eastside and Mariposa bypass channels to allow for conveyance of 
Interim and Restoration flows to allow for fish passage. Improvements 
will also include the incorporation of fish habitat in Reach 4B and/or 
the bypasses and maintain the current flood operations and conveyance 
capacity of the system. Additionally, the proposed action may result in 
an opportunity for improvements to the existing flood system. 

Project aspects include: 
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- Channel modifications to Reach 4B to ensure conveyance of at least 
475 cfs. 

- Modifications to the San Joaquin River headgates at the upstream 
end of Reach 4B to ensure fish passage and enable flow routing into 
Reach 4B. 

- Modifications to the Sand Slough Control Structure to ensure fish 
passage. 

- Modifications to structures in the Eastside and Mariposa bypass 
channels to provide anadromous fish passage on an interim basis 
until a final flow routing is selected and completed. 

- Modifications in the Eastside and Mariposa bypass channels to 
establish a suitable low-flow channel, if the Secretary in 
consultation with the Restoration Administrator (RA), determines 
that such modifications are necessary to support anadromous fish 
migration through these channels. 

• Relation to SPFC Facilities – To Be Determined 

Project Status:  Feasibility study 

Applicable Management Action(s):  System Modifications & Ecosystem 
Functions 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Promote Ecosystem Functions 

Extent of Benefit Area:  Local, regional, and systemwide benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – The San Joaquin River 
Stipulation of Settlement (Settlement) stipulates that channel 
modifications be made in Reach 4B to ensure conveyance of at least 
475 cfs. Based on preliminary information, these modifications may 
consist of removing in-channel vegetation, removing excess silt and 
sediment, and improving road crossings, and may or may not 
necessitate modifying the existing levee system. Modifications to the 
San Joaquin River headgate and the Sand Slough Control Structure 
could include modifications to the existing structures or replacement of 
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the existing structures with new structures. Improvements to the 
channel could reduce flood impacts locally. 

• Ecosystem Restoration – The Settlement stipulates modifications to 
structures in the Eastside and Mariposa bypasses to provide for fish 
passage and modifications to the Eastside and Mariposa bypasses to 
establish a low flow channel. Both the Mariposa Bypass Bifurcation 
Structure at the head of the Mariposa Bypass and the Mariposa Bypass 
Drop Structure at the downstream end of the Mariposa Bypass may 
need to be modified to provide for fish passage under a range of flows 
(both low and high flows). Modifications could include modifications 
to the existing structures, construction of fish ladders, or replacement of 
the existing structures with new structures. In addition, modifications to 
the low-flow channel may be needed to allow for fish passage under 
low flows in the Eastside and Mariposa bypasses. 

• Water Supply – San Joaquin Settlement stipulates that the project 
should reduce or avoid adverse water supply impacts to all of the Friant 
Division long-term contractors that may result from the interim flows 
and restoration flows provided for in the settlement. 

• Recreation and Other Benefits 

Implementation Cost:  To Be Determined  

Implementation Considerations:   

• Redirected Hydraulic Impacts – Existing channel capacity in Reach 
4B is extremely limited. Flows of any amount down this reach are 
likely to cause localized flooding and seepage impacts to adjacent 
agricultural lands. 

• Adverse Environmental Impact and Regulatory Issues – Flood 
management actions, especially structural management actions, have 
the potential to adversely impact the environment while meeting other 
flood management goals. The potential impacts of this project have not 
yet been determined. 

• Other 

Associated Studies 

To Be Determined  
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1.32 Consider Westside Integrated Regional Water 
Management (IRWM) Projects 

Project Type:  System Modifications 

Location Information:   

• Region – Upper San Joaquin  

• Subregion – Cache Creek and Putah Creek 

• Location – Yolo County 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – Solano County Water Agency 

• Potential Partners – Lake County Watershed Protection District, Napa 
County Flood Control and Water Conservation District, Colusa County 
Resource Conservation District, Water Resources Association of Yolo 
County 

• Contact Information – Chris Lee, Supervising Environmental 
Scientist, Solano County Water Agency  

Description: 

• Purpose – The Westside IRWMP represents primarily the Cache and 
Putah Creek watersheds. The watersheds of these two creeks 
encompass portions of Lake, Napa, Solano, Colusa, and Yolo counties.  
The IRWMP will provide a guideline for implementing watershed 
planning activities throughout the five-county region.  

• Concept – The Westside IRWM includes setback levees to capture 
water, including West Stanislaus.  

• Relation to SPFC Facilities – To Be Determined 

Project Status:  Anticipated to take 2 years to complete and adopt the 
IRWMP (estimated 2013) 

Applicable Management Action(s):  System Modifications – Setback 
Levees 
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Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – To Be Determined 

Extent of Benefit Area:  Project will potentially have local, regional, and 
systemwide benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – To Be Determined (Report is in 
progress/has not begun) 

• Ecosystem Restoration – To Be Determined (Report is in progress/has 
not begun) 

• Water Supply – To Be Determined (Report is in progress/has not 
begun) 

• Recreation and Other Benefits – To Be Determined (Report is in 
progress/has not begun) 

Implementation Cost:  $1.5 million 

Implementation Considerations:   

• Redirected Hydraulic Impacts – To Be Determined (Report is in 
progress/has not begun) 

• Adverse Environmental Impact and Regulatory Issues – To Be 
Determined (Report is in progress/has not begun) 

• Other 

Associated Studies 

Westside IRWM Plan is in progress 

References 

Solano County Water Agency. Request for Statement of Qualifications for 
Development of an Integrated Regional Water Management Plan 
for the Westside Subregion of the Proposition 84 Sacramento River 
Funding Area. December 13, 2010. Available: 
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<http://www.scwa2.com/Documents/IRWMP/A-
112B.Revised.Westside.RFQ.pdf> 

California Department of Water Resources. Integrated Regional Water 
Management Grants Website. Available: 
<http://www.water.ca.gov/irwm/integregio_planning.cfm> 

Yolo Water Resources Agency. Minutes of Executive Committee Meeting, 
March 1, 2011. Available: < 
http://www.yolowra.org/executive_agendas/2011/Minutes%20EC%
2003-01-11.pdf> 
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1.33 Pioneer Site Seepage Berm 

Project Type:  System Modifications 

Location Information:   

• Region – Lower Sacramento 

• Subregion – Sacramento 

• Location – Pioneer Reservoir project located adjacent to the 
Sacramento River in the City of Sacramento; just upstream from the 
Pioneer Bridge that U.S. Highway 50 uses to cross the Sacramento 
River.  The project runs in a north-south direction and is bounded on 
the north by Capitol Mall, on the south by U.S. Highway 50, on the east 
by Pioneer Reservoir, and on the west by the Sacramento River 

• Community Setting – Urban 

Project Proponents:   

• Potential Lead Agency – USACE 

• Potential Partners – Reclamation, State of California, SAFCA 

• Contact Information – Annalena Bronson (Reclamation) 

Description: 

• Purpose – Based on recent data from the USACE, SAFCA has 
identified the Natomas Basin as being at a particularly acute risk of 
flooding.  There has been an increased understanding of underseepage 
and through seepage problems that jeopardize levee stability when 
investigating for the Common Features project. The Common Features 
is developed to provide flood risk management to the City of 
Sacramento, including Natomas Basin and areas along the north and 
south sides of the American River.  Expanding urban centers lie in 
floodplains where flooding could result in extensive loss of life and 
billions of dollars in damages 

• Concept – The project involves the construction of a seepage berm 
approximately 500 feet long and 50 feet wide along the landslide of the 
Sacramento River east-bank levee at RM 58.5; and the installation of 
five relief wells adjacent to the seepage berm (north and south end of 
berm).  The berm would be constructed with drain rock and water from 
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the berm and the wells would be discharged into the adjacent City of 
Sacramento wastewater system where it would be treated. 

SAFCA has adopted a goal of providing 100-year flood protection to 
the project area by the year 2010. 

• Relation to SPFC Facilities – Levees along the Sacramento River and 
American River 

Project Status:  Planned 

Applicable Management Action(s):  System Modifications – 
Levees/Floodwalls/Hydraulic Structures 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions 

Extent of Benefit Area:  This project would have local and regional 
benefits.  

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – The levees in the Natomas Basin 
protect approximately 53,000 acres of improved agriculture, 
conservation, and urban lands.  Lands owned by the Sacramento 
International Airport account for more than 10 percent of the total.  An 
uncontrolled flood in the Natomas Basin would cause substantial direct 
damage to structures in the basin, estimated at $7.4 billion, and could 
pose a serious threat of injury and loss of life. 

• Ecosystem Restoration – Existing vegetation will be preserved to the 
maximum degree possible, consistent with emerging new USACE levee 
vegetation guidelines, so as to retain most of the existing riparian 
habitat values. 

• Water Supply 

• Recreation and Other Benefits 

Implementation Cost:  To Be Determined 
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Implementation Considerations:   

• Redirected Hydraulic Impacts – To Be Determined 

• Adverse Environmental Impact and Regulatory Issues – Flood 
management actions, especially structural management actions, have 
the potential to adversely impact the environment while meeting other 
flood management goals. The potential impacts of this project have not 
yet been determined. 

• Other 

Associated Studies 

To Be Determined  

References 

State of California Website.  Available: 
<http://www.ceqanet.ca.gov/DocDescription.asp?DocPK=595433>. 
Accessed: May 3, 2011 
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External Peer Review Report for the Engineering and Economic 
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Economic Aspects of Flood Risk Reduction report, American River 
Common Features. 2010. Available: 
<http://www.usace.army.mil/CECW/PlanningCOP/Documents/peer
/natomas_comments.pdf>. Accessed: May 3, 2011 

USACE. Natomas Levee Improvement Program Bank Protection Project 
Draft Environmental Impact Report. September 2007. Available 
<http://www.safca.org/documents/FullDEIR_000.pdf>. Accessed: 
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1.34 Levee Repair of 25 Erosion Sites Sacramento 
River Bank Protection Project 

Project Type:  System Modifications 

Location Information:   

• Region – Upper and Lower Sacramento 

• Subregion – Sacramento, Yolo, Colusa, Sutter, and Tehama counties 

• Location – Along the Sacramento River and its tributaries in 
Sacramento, Yolo, Colusa, Sutter, and Tehama counties 

• Community Setting – Urban 

Project Proponents:   

• Potential Lead Agency – DWR 

• Potential Partners – Board, USACE 

• Contact Information – Kip Young, Staff Environmental Scientist; 
Mike Dietl, USACE 

Description: 

• Purpose – The Sacramento River Bank Protection Project (SRBPP) is a 
continuing construction project authorized by Section 203 of the Flood 
Control Act of 1960. The purpose of this project is to provide 
protection to the Sacramento River Flood Control Project (SRFCP). 

Beginning in the 1840s, low, discontinuous levees were built by 
individual landowners.  Since that time, a variety of levee improvement 
projects have been implemented to regulate and repair the system.  
Higher winter flows can erode and stress the levees, weakening them 
and causing them to fail in certain locations.  To maintain the integrity 
of the flood control system, locations within the potential for failure are 
identified and remedied under the SRBPP. 

Based on field assessments of the SRBPP levees conducted in 2007, the 
Board and the USACE have identified priority sites that are at risk of 
erosional failure during flooding and/or normal flow conditions.  These 
sites must be repaired before their condition becomes so critical as to 
require emergency repair. 
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• Concept – Proposed action consists of implementing bank protection 
measures along 15,646 linear feet of levees along the Sacramento River 
and tributaries during 2009 and 2010.  Bank protection measures at 22 
of the erosion sites would include (1) reinforcing the bank toe with 
riprap, (2) placing a mixture of riprap and soil on upper banks and tops 
of the lower bank riprap to create riparian benches above the mean 
summer water elevation, and (3) planting the benches and upper banks 
with vegetation to provide bank stabilization and riparian habitat.  In-
stream woody material (IWM) would also be placed along the sites to 
provide bank protection and aquatic habitat. Work at the remaining 
three erosion sites would consist of constructing setback levees on the 
landside of their existing levees. 

Bank protection measures typically consist of large angular rock placed 
to protect the bank and then a layer of soil/rock material is placed to 
allow vegetation to grow back on the bank.  In addition, dead trees may 
be added to the mixture for additional habitat use. 

Project Status:   

Design 

Applicable Management Action(s):  System Modifications – 
Levees/Floodwalls/Hydraulic Structures 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions 

Extent of Benefit Area:  Project has local and regional benefits.  

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – The primary goal of this project is 
to reduce flood damage for the project area by existing levee 
rehabilitation. 

• Ecosystem Restoration – Project will retain existing IWM to the 
greatest extent practical to maintain size, volume, and complexity.  It is 
to incorporate restoration and increase native riparian vegetation. 

• Water Supply – Best management practices (BMP) will be 
implemented to protect water quality, and aquatic habitat, from 
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increased suspended sediments, sedimentation, and chemical pollutants 
during construction. 

• Recreation and Other Benefits – Restored levees would ensure local 
approach visibility for recreational boaters through the use of natural 
indicators, such as partially emergent portions of IWM and vegetation 
on the low elevation areas, to act as visual warning of the present of 
shallowly submerged hardscape. 

Implementation Cost:  Typically funding ranges from $20 million to $30 
million a year.  Only a portion of this amount is spent within SAFCA’s 
jurisdiction. 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Placing riprap into the river channel 
may increase the flow velocity within the channel. No significant 
hydraulic impacts should be anticipated as the project is a repair of 
existing facilities. 

• Adverse Environmental Impact and Regulatory Issues – This 
project would not substantially degrade the quality of the environment, 
substantially reduce the habitat of a fish or wildlife species, cause a fish 
or wildlife population to drop below self-sustaining levels, reduce the 
number or restrict the range of a special-status species, or eliminate 
important examples of California history or prehistory.  No substantial 
evidence exists that the project would have a negative or adverse effect 
on the environment. 

• Other 

Associated Studies 

Draft Environmental Assessment/Initial Study for Levee Repair of 25 
Erosion Sites Volume 1 Sacramento River Bank Protection Project (April 
2009) 

References 
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Mitigated Negative Declaration. The Erosion Repairs of 5 Bank 
Protection Sites, 2009 and 2010.  Sacramento River Bank 
Protection Project.  April 19.  
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Sacramento Bank Protection Project Website. Available: 
<http://www.safca.org/Programs_SacBankProtection.html>. 
Accessed: May 2, 2011. 

California Department of Water Resources. Sacramento River Bank 
Protection Project. Planning Activities Update. Available: 
<http://www.water.ca.gov/pubs/flood/sacramento_river_bank_prote
ction_project_-_phase_iii/srbpp_-_phase_3_handout_060209.pdf.>. 
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1.35 South Sacramento County Streams Project 
Union House Creek Channel Upgrades 

Project Type:  System Modifications 

Location Information:   

• Region – Lower Sacramento 

• Subregion – Sacramento 

• Location – Union House Creek 

• Community Setting – Urban 

Project Proponents:   

• Potential Lead Agency – USACE 

• Potential Partners – Board, Sacramento Area Flood Control Agency 

• Contact Information – Marsha Sells 

Description: 

• Purpose – The southern portion of the Sacramento urbanized area has 
historically been vulnerable to flooding from high-water events in the 
Delta as well as high flows on Morrison Creek, Florin Creek, Elder 
Creek, and Unionhouse Creek. The South Sacramento Streams Group 
Project (SSSG), which encompasses these creeks has been the vehicle 
to improve these creeks. The SSSG project consists of levee 
improvements starting south of the town of Freeport and running 
easterly along Morrison Creek and into the urbanized area.  This levee 
crosses the Union Pacific Railroad (UPRR) tracks and extends up four 
creeks, all within the Morrison Creek watershed. Along these four 
creeks, a combination of raising the levee, constructing floodwall and 
channel improvements are being used to provide protection to the 
community. 

South Sacramento County Streams drainage basin has a long history of 
flooding during heavy rainfall.  Recent flooding in 1952, 1955, 1962, 
1963, 1982, and 1986 damaged residences, business, and agricultural 
land and disrupted transportation and public facilities.  Local runoff 
from the Morrison Creek watershed can cause flooding due to limited 
channel capacities and bridge restrictions and contributes to the flood 
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volume in the Beach-Stone Lakes area. In addition the overflow from 
the Cosumnes and Mokelumne rivers inundates Beach-Stones Lakes, 
causing high backwater on the study creeks, and threatening the 
Sacramento Regional Wastewater Treatment Plant and the Pocket Area. 

• Concept – The proposed action includes reshaping the creek bed and 
channel into a rectangular concrete lined channel.  The proposed action 
would raise the level of flood protection in the project area to a point 
that it can safely contain a flood event with less than a 1 percent chance 
of occurrence in any given year and ensure that the area meets the 
minimum FEMA level of flood protection. 

• Relation to SPFC Facilities – None  

Project Status:  Construction (expected to occur in 2013) 

Applicable Management Action(s):  System Modifications – 
Levees/Floodwalls/Hydraulic Structures 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M 

Extent of Benefit Area:  This project would have local and regional 
benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – The project aims to protect this 
urbanized area from damages to its residences, businesses, and 
agricultural lands, and protect disruptions of major transportation and 
public facilities such as Interstate 5 and the Sacramento Regional 
Wastewater Treatment Plant. 

• Ecosystem Restoration – Creation of ponds and wetlands, selected 
planting and seeding, and conversion of areas to higher value wildlife 
habitat as part of the larger South Sacramento Streams Group Project. 

• Water Supply – None 

• Recreation and Other Benefits – There are no existing recreational 
facilities located adjacent to the Unionhouse Channel Upgrades 
construction, and no anticipated efforts on recreation in the project area. 
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Implementation Cost:  Approximately $5 million to 10 million 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Upon reviewing the pre-project and 
post-project floodplains, the reduced stages indicate that there would 
not be a negative upstream backwater effect due to the proposed 
channel upgrades.  There would also be no negative downstream 
hydraulic effects due to the proposed channel upgrades.  There is a low 
potential for groundwater quality and levels to be affected by the 
proposed action.    Therefore, there would be little or no change in 
groundwater recharge or depletion of groundwater sources used for 
other beneficial uses. 

• Adverse Environmental Impact and Regulatory Issues – 
Construction activities would impact approximately 7 acres of the bank 
of Unionhouse Creek.  This area consists of disturbed habitat and will 
be affected by the channel improvements.  The removal of vegetation 
on the banks will result in a decrease in cover along the edge of the 
channel as well as decrease in the input of organic material into the 
channel, which provide food for aquatic invertebrates and other aquatic 
species.  The proposed project is not expect to have an adverse affect 
on special-status fish species or their habitats because (1) existing fish 
habitat is poor, (2) Unionhouse Creek is not designated as Essential 
Habitat or Critical Habitat, and (3) Unionhouse Creek does not support 
special-status fish except during flood events. 

• Other 

Associated Studies 

South Sacramento County Streams Project – Unionhouse Creek Channel 
Upgrades Draft Environmental Assessment/Initial Study (October 2008) 

References 

U.S. Army Corps of Engineers (USACE).  South Sacramento County 
Streams Flood Damage Reduction Project, Morrison Creek at 
Union Pacific Road (Contract 2A), Sacramento, CA.  2011. 
Available: 
<https://www.fbo.gov/index?s=opportunity&mode=form&id=496c
5711b26c54e56f66249d7bc43174&tab=core&tabmode=list&print_
preview=1> 
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1.36 Smith Canal Closure Conceptualization 

ID:  1844 

Project Type:  System Modifications 

Location Information:   

• Region – Lower San Joaquin 

• Subregion – Stockton/Lodi 

• Location – The Smith Canal is a backwater slough of the Delta in the 
City of Stockton, just north of the Deep Water Ship Channel.  Smith 
Canal has a small drainage area, so its border levees primarily serve to 
prevent back-flooding from the Delta, rather than to confine upland 
riverine flows   

• Community Setting – Urban 

Project Proponents:   

• Potential Lead Agency – San Joaquin Area Flood Control Agency  

• Potential Partners – FEMA, USACE, California Department of 
Boating and Waterways, CFG, U.S. Coast Guard, State Lands 
Commission, USFWS, National Oceanic and Atmospheric 
Administration (NOAA) Fisheries Services 

• Contact Information – Not available 

Description: 

• Purpose – The Smith Canal levees are highly encroached upon, and 
certification to FEMA standards may require removal of a substantial 
number of residential structures before completing required 
certification investigations, analyses, and construction of required 
improvements.  A more feasible solution will be to construct a closure 
structure near the mouth of the Canal to limit back-flooding from the 
Delta.  The conceptualization of a closure structure in this project area 
was asked to be developed by San Joaquin Area Flood Control Agency 
(SJAFCA). 

• Concept – A closure structure across the mouth of the Smith Canal has 
been found to be technically feasible, and can be accredited by FEMA 
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as providing protection against the base flood.  If this project can be 
accredited by FEMA and a decision made to further pursue this 
concept, the following steps would be made: 

- Prepare a Feasibility Study to analyze alternatives, calculate 
benefit/cost ratios, define operation procedures and responsibilities, 
and identify a financing plan 

- Prepare an environmental document under California 
Environmental Quality Act (CEQA) and National Environmental 
Policy Act (NEPA), and initiating permitting activities 

- Seek a Conditional Letter of Map Revision from FEMA 

- Seek grants from the State to fund construction 

- Form existing or new assessment districts to pay the local share of 
construction, O&M, and foreseeable replacements. 

• Relation to SPFC Facilities – None  

Project Status:  Feasibility Study (Draft report scheduled completion July 
2016) 

Applicable Management Action(s):  System Modifications – 
Levees/Floodwalls/Hydraulic Structures 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M 

Extent of Benefit Area:  This project would have local and regional 
benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – This project would protect a 
substantial number of residential structures and infrastructure in this 
urban community. 

• Ecosystem Restoration – None 

• Water Supply – None 
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• Recreation and Other Benefits – None 

Implementation Cost:  Approximately $25.3 million to 30.4 million (not 
including annual O&M costs or a sinking fund for replacements) 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Construction of facilities such as a 
gate control station, pump station, new levees would alter the 
hydraulics of the project area.  The project will be designed to keep 
flood waters out of the project during base floods. 

• Adverse Environmental Impact and Regulatory Issues – Any 
proposed facilities to this area would have an environmental impact.  
The project requires formal consultation with USFWS on the potential 
effects to federally threatened and endangered species such as delta 
smelt and the giant gartner snake (Thamnophis gigas).  A CWA 404 
permit is required and consultation can take place through USACE.  
USFWS requires a biological assessment that analyzes the direct, 
indirect, and cumulative effects to federally listed species from the 
proposed project, as well as proposed minimization measures. 

• Other 

Associated Studies 

Lower San Joaquin River Feasibility Study 

References 

Peterson Brustad, Inc. San Joaquin Area Flood Control Agency Smith 
Canal Closure Structure Conceptualization. June 27, 2008. 

  

1-126 January 2012 
 Public Draft 



 1.0 Local and Regional Project Summaries 

1.37 Lower San Joaquin River Feasibility Study 

Project Type:  System Modifications 

Location Information:   

• Region – Lower San Joaquin 

• Subregion – Stockton/Lodi 

• Location – The study area is located along the lower (northern) portion 
of the San Joaquin River system in the Central Valley of California.  
The river flows west to the Central Valley, where it is joined by the 
Merced, Tuolumne, Stanislaus and Calaveras rivers, and other small 
tributaries, as it flows north to the Delta.  The LSJRFS area includes the 
main-stem of the San Joaquin River from the Mariposa Bypass 
downstream to and including the city of Stockton.  The study area also 
includes the distributary channels of the San Joaquin River in the 
southernmost reaches of the Delta 

• Community Setting – Other 

Project Proponents:   

• Potential Lead Agency – USACE 

• Potential Partners – State Central Valley Flood Protection Board 
(supported by Board), San Joaquin Area Flood Control Agency 

• Contact Information –  

- Michelle Williams, USACE 

- Michael Musto, DWR 

- Juan Neira, SJAFCA 

Description: 

• Purpose – Results of this study will help determine needed 
improvements for future flood protection systems in an effort to reach 
or exceed the future 200-year level of flood protection.  Major flooding 
in San Joaquin, Stanislaus, and Merced counties along the San Joaquin 
River occurred in 1983, 1986, 1995 and 1997, causing millions of 
dollars of damages to homes, businesses, agricultural crops, and 
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development.  Flood damages along the San Joaquin River will likely 
continue to increase due to population growth and urban development. 

The proposed project would increase the conveyance capacity of 
Paradise Cut by setting back approximately 20,000 feet of existing 
levee, dry excavating approximately 3,000,000 cubic yards to the San 
Joaquin River, increasing conveyance in the upstream portion of the 
San Joaquin River. 

• Concept – A major challenge of the LSJRFS is coordinating the 
combining flood damage reduction and ecosystem restoration project 
elements with other ongoing water resources programs, such as the 
CALFED Bay-Delta Program, Central Valley Project Improvement Act 
(CVPIA), the SJRRP, the CVFPP, BDCP, and the Delta Vision. 

The primarily planning objectives within the LSJRFS area include: 

- Reduce the risk of flooding to people and property, and economic 
damages due to flooding within the primary study area 

- Develop a sustainable flood management system for the future, as 
well as a plan to address and communicate residual flood risks 

- Reduce the risk of adverse consequences of floods when they do 
occur 

- Restore the quantity, quality, diversity, and connectivity of riparian, 
wetland, floodplain, and shaded riverine aquatic habitats where 
appropriate. 

Concepts of the plan have not been developed.  Milestones for this 
project are to formulate, evaluate, and compare alternatives; then 
identify a tentative recommended plan; followed by a selected 
recommended plan that will result in a record of decision. 

• Relation to SPFC Facilities – Facilities (e.g., levees, channels, weird, 
control structures, pumping plants) within the project area 

Project Status:  Feasibility Study (Plan by 2012; Construction Completed 
by 2025) 

Applicable Management Action(s):  System Modifications – 
Levees/Floodwalls/Hydraulic Structures 
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Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Improve Institutional Support, Promote Multi-Benefit Projects 

Extent of Benefit Area:  The project will have local, regional, and/or 
systemwide benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – The lower San Joaquin River area 
has experienced several majors floods in the last 30 years causing 
millions of damages to properties and businesses.  The 1997 flood 
event damaged 1,842 residences, mobile homes, and businesses in San 
Joaquin and Stanislaus counties.  Estimated average annual equivalent 
damages (Year 2000) from floods in the lower San Joaquin River Basin 
amount to about $20 million, based on preliminary HEC-FDA model 
for the Comprehensive Study.  Crop damages ($9 million) account for 
nearly half of the estimated damages.  The primary objective of this 
project is to reduce the risk of flooding to people and property, and 
economic damages due to flooding within the primary study area.  The 
project will develop a sustainable flood management system for the 
future, as well as a plan to address and communicate residual flood 
risks. 

• Ecosystem Restoration – The LSJRFS states “there is a significant 
need to include ecosystem restoration into any plan including 
consideration of flood damage reduction in the area.”  There is a major 
problem with the San Joaquin River ecosystem where hydraulic and 
geomorphic processes have been severely compromised by flow 
regulation and confinement of the river by levees and bank protection 
along portions of the channel.  These changes have contributed to 
declining populations of many plants, fish, and wildlife species 
associated with these habitats.  There is tremendous potential in 
ecosystem restoration for bird species, plant species, and the riparian 
habitat. 

• Water Supply – Water supply benefits for this project are not yet 
known. 

• Recreation and Other Benefits – Recreation and other benefits for 
this project are not yet known. 
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Implementation Cost:  Estimated $10 million 

Implementation Considerations:   

• Redirected Hydraulic Impacts – There will be hydraulic impacts due 
to from this project, but the severity of the redirected impacts will not 
be known until the alternatives are presented. 

• Adverse Environmental Impact and Regulatory Issues – There may 
be adverse environmental impacts and regulatory issues from this 
project. 

• Other 

Associated Studies 

Lower San Joaquin River, California Feasibility Study, 2009 

References 

San Joaquin Area Flood Control Agency (SJAFCA). Website.  Available: 
<http://www.sjafca.com/lower_sj_river_feasibility.php>. Accessed: 
May 2, 2011 

SJAFCA. Lower San Joaquin River, California Feasibility Study – Project 
Management Plan. Revision August 2009.  November 17, 2009. 
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1.38 American River Common Features Post-
Authorization Change and General 
Reevaluation Report 

Project Type:  Study 

Location Information:   

• Region – Lower Sacramento 

• Subregion – Natomas Basin 

• Location – Lower American River downstream from the Folsom Dam, 
Sacramento River downstream from the Natomas Cross Canal, and 
Natomas Cross Canal 

• Community Setting – urban, nonurban areas  

Project Proponents:   

• Potential Lead Agency – USACE 

• Potential Partners – USACE, Board, SAFCA 

• Contact Information –  

- Dan Tibitts, USACE 

- Ajala Ali, DWR 

- Pete Ghelfi, SAFCA 

Description: 

• Purpose – The Common Features Project was designed to strengthen 
the American River levees so they can safely pass a flow of 160,000 
cfs. The General Reevaluation Report (GRR) will evaluate different 
aspects of the project. THE Post-Authorization Change (PAC) and 
GRR focus on changes to the Natomas Basin levees. 

• Concept – Reevaluate the flood protection alternatives and 
improvements to the levee system along the lower American River 
downstream of the Folsom Dam, Sacramento River downstream from 
the Natomas Cross Canal, and Natomas Cross Canal, and provide 200-
year flood protection. 
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• Relation to SPFC Facilities – Levees along American River, 
Sacramento River downstream from the Natomas Cross Canal, and 
Natomas Cross Canal 

Project Status:  Ongoing. Final PAC and Interim GRR were released in 
October 2010. 

Applicable Management Action(s):  Flood Protection System 
Modification, O&M, Ecosystem Functions, Floodplain Management, 
Disaster Preparedness and Flood Warning 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Improve Institutional Support, Promote Multi-Benefit Projects 

Extent of Benefit Area:  Local, regional, and systemwide benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – The goal of the GRR is to identify 
a comprehensive plan that will lower the risk of flooding in and around 
the City of Sacramento, and provide 200-year flood protection.  

• Ecosystem Restoration – In the Natomas Basin, the plan will provide 
incidental environmental benefits by capitalizing on the geographic 
scope and volume of soil borrow material necessary to support the 
required levee improvements. The plan includes a variety of landscape 
features that will have the substantial effect of expanding, connecting 
and enhancing the aquatic and upland habitat preserves that have been 
created in the Natomas Basin as part of the Natomas Basin Habitat 
Conservation Plan: reducing wildlife hazards in the vicinity of the 
airport through improved storm and surface water drainage; and 
promoting agricultural sustainability in the western portion of the basin 
through improvements to the existing agricultural irrigation system. 

• Water Supply – The plan includes construction of new water supply 
wells as well as improvements to current water supply infrastructure. 

• Recreation and Other Benefits – The levees along the Sacramento 
and American rivers effectively cut off public access to the rivers and 
their environmental and recreation amenities in many areas. This 
project offers an opportunity to reestablish connections to the river. 
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Opportunities within the Natomas Basin are limited. Along with 
providing features that reduce flood risk, there is an opportunity to 
incorporate a bicycle trail on the levee system. 

Implementation Cost:  $15 million  

Implementation Considerations:   

• Redirected Hydraulic Impacts – Comprehensive plan tries to take 
negative impacts outside of the project area into consideration. 

• Adverse Environmental Impact and Regulatory Issues – Temporary 
(construction related) negative impacts. 

• Other 

Associated Studies 

None 

References 

U.S. Army Corps of Engineers. American River Common Features Project, 
Natomas Post Authorization Change Report And Interim General 
Reevaluation Report. October 2010. Available: 
<http://www.spk.usace.army.mil/projects/civil/americanriver/comm
on_features/final_npac_oct_2010/final_natomas_pacr_oct_2010.pdf
> 

Sacramento Area Flood Control Agency . Draft Environmental Impact 
Statement/Draft Environmental Impact Report on the American 
River Watershed Common Features Project/Natomas Post-
authorization Change Report/Natomas Levee Improvement 
Program, Phase 4b Landside Improvements Project. July 2010. 
Available: 
<http://www.safca.org/documents/NLIP%20main%20page%20stuff
/2010JUL2.DEIR.DEIS.Phase4b/4bDEISDEIRPart1.pdf> 
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1.39 Project Title – Frazier Creek/Strathmore Creek 
Feasibility Study 

Project Type:  Study 

Location Information:   

• Region – Upper San Joaquin 

• Subregion – Tulare County 

• Location – Community of Strathmore and surrounding lands in Tulare 
County. 

• Community Setting – Nonurban area and small community 

Project Proponents:   

• Potential Lead Agency – USACE 

• Potential Partners – USACE, Board, County of Tulare 

• Contact Information –  

- USACE PM – Michelle Williams 

- State PM – Efrain Escutia  

- Tulare PM – Jim May  

Description: 

• Purpose – Improve the level of flood protection for the community of 
Strathmore, State Route 65, bridges, railroads, and surrounding 
agricultural lands. 

• Concept – This study will generate an Environmental Impact 
Statement/Environmental Impact Report (EIS/EIR and feasibility study 
to evaluate federal, State, and local interests in planning, designing, 
mitigating, and improving existing levee system of Frazier 
Creek/Strathmore Creek in Tulare County. 

• Relation to SPFC Facilities – None 

Project Status:  Reconnaissance 
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Applicable Management Action(s):  Floodplain Management – 
Floodproofing 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management  

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Improve Institutional Support, Promote Multi-Benefit Projects 

Extent of Benefit Area:  Project would have local benefits 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit 

• Ecosystem Restoration 

• Water Supply 

• Recreation and Other Benefits 
Implementation Cost:  $2.81 million 

Implementation Considerations:   

• Redirected Hydraulic Impacts – To Be Determined 

• Adverse Environmental Impact and Regulatory Issues – To Be 
Determined 

• Other 

Associated Studies 

None. 

References 

County of Tulare Resource Management Agency Meeting Agenda. October 
2009. Available: 
<http://bosagendas.co.tulare.ca.us/MG306225/AS306228/AS30624
5/AI306345/DO306352/DO_306352.PDF> 

Report of Activities of the Department of Water Resources. Presented 
December 2010. Available: 
<http://www.floodplain.org/cmsAdmin/uploads/Final_Report_2010
-12-03_DWR.pdf>  
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1.40 Lower Cache Creek Feasibility Study 

Project Type:  Study 

Location Information:   

• Region – Lower Sacramento 

• Subregion – Lower Cache Creek 

• Location – Lower Cache Creek, Yolo County, California, City of 
Woodland and vicinity 

• Community Setting – Urban and nonurban areas 

Project Proponents:   

• Lead Agency – USACE 

• Partners – USACE, Board, City of Woodland 

• Contact Information –  

- DWR PM – Efrain Escutia  

- USACE PM – Charles Austin  

- City of Woodland PM – Fran Borcalli  

Description: 

• Purpose – The study will continue efforts suspended in 2004 after local 
resistance to the USACE-selected flood barrier option alternative.  

• Concept – The USACE will develop alternatives for a new feasibility 
study to determine if there is a National Economic Development plan 
that is federally justified and modifies the SPFC. 

• Relation to SPFC Facilities – Yolo Bypass/Cache Creek Settling 
Basin and weir. 

Project Status:  Reconnaissance 

Applicable Management Action(s):  Flood Protection System 
Modification. 
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Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management  

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Improve Institutional Support, Promote Multi-Benefit Projects 

Extent of Benefit Area:  Local and regional benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – To Be Determined 

• Ecosystem Restoration – To Be Determined 

• Water Supply – To Be Determined 

• Recreation and Other Benefits – To Be Determined 

Implementation Cost:  $5.5 million. 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Yolo Bypass, Cache Creek Settling 
Basin and weir. 

• Adverse Environmental Impact and Regulatory Issues – To Be 
Determined 

• Other 

Associated Studies 

Original Feasibility Study that was ultimately rejected. October 2002. 
Lower Cache Creek, Yolo County, Ca, City Of Woodland and Vicinity: 
Draft Feasibility Report for Potential Flood Damage 

Reduction Project. 
http://www.spk.usace.army.mil/projects/civil/lowercachecreek/feas.html 

Original EIS. March 2003. Lower Cache Creek Environmental Impact 
Statement/Environmental Impact Report. 
http://www.spk.usace.army.mil/projects/civil/lowercachecreek/eiseir.html 
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References 

U.S. Army Corps of Engineers (USACE). Lower Cache Creek, Yolo 
County, City Of Woodland and Vicinity, Ca Feasibility Study 
Review Plan. April 2010 (Rev.). 
Available:<http://www.spk.usace.army.mil/organizations/cespk-
pd/Review%20Plans/LCC_RP_.pdf> 
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1.41 Merced County Streams Feasibility Study and 
GRR 

Project Type:  Study 

Location Information:   

• Region – Upper San Joaquin 

• Subregion – Merced County 

• Location – Black Rascal Creek and Bear Creek 

• Community Setting – Urban and nonurban 

Project Proponents:   

• Potential Lead Agency – USACE 

• Potential Partners – USACE, Board, Merced County 

• Contact Information –  

- Katie Huff, USACE  

- Ajala Ali, DWR 

- Kellie Jacobs, Merced Public Works  

Description: 

• Purpose – The purpose of this project is to evaluate options to increase 
the level of flood protection from a 50-year event to 200 years for the 
Merced urban area. 

• Concept – Feasibility study would study options for flood protection 
project on Black Rascal Creek, which would also offer protection along 
Bear Creek. 

• Relation to SPFC Facilities – Identify which SPFC facilities would be 
modified by this project. 

Project Status:  Reconnaissance level. Merced County is currently 
pursuing an effort with the DWR, to have the State sign on to the project as 
the primary non-federal partner. 
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Applicable Management Action(s):  Flood Protection System 
Modification 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Improve Institutional Support, Promote Multi-Benefit Projects 

Extent of Benefit Area:  Project has local and regional benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – The primary goal of the study is 
to determine how 200-year flood protection can be achieved, while 
providing a viable alternative to the Haystack Dam project. 

• Ecosystem Restoration – To Be Determined 

• Water Supply – To Be Determined 

• Recreation and Other Benefits – To Be Determined 

Implementation Cost:  $3 million. 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Not applicable 

• Adverse Environmental Impact and Regulatory Issues – Not 
applicable 

• Other 

Associated Studies 

None. 

References 

MCAG Fact Sheet. Available: 
<http://www.mcagov.org/onevoice/2010/priorities/federal/Waterflo
od.pdf> 
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1.42 Rock Creek/Keefer Slough Feasibility Study 

Project Type:  Study 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Eastside/Westside Tributaries 

• Location – The study area is located in Butte County and includes 
Rock Creek, Keefer Slough, portions of the City of Chico with an 
estimated population of 87,713, and the town of Nord. 

• Community Setting – Urban and nonurban 

Project Proponents:   

• Lead Agency – USACE 

• Partners – USACE, Board, Butte County 

• Contact Information –  

- David Vanrijn, USACE  

- Ajala Ali, DWR  

- Mike Crump, Butte County 

Description: 

• Purpose – The feasibility study will improve the level of flood 
protection for the communities of Chico, Nord, State Routes 99 and 32, 
and surrounding agricultural land. 

• Concept – The study will identify flood risk management, recreational, 
and ecosystem restoration improvements up to at least a 200-year level 
of protection. The study will identify structural and nonstructural 
alternatives to increase flood protection levels and evaluate further 
federal interest in pursuing alternatives based upon costs, benefits, 
environmental effects, and local interest and support. 

Alternatives analyzed during the feasibility investigation will be a 
combination of one or more flood control and ecosystem restoration 
measures identified during the reconnaissance phase; additional 
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measures may be considered. These alternative measures include (1) 
setback levees and stream channel improvements, (2) environmental 
restoration measures, (3) bypass and diversion structures, and (4) 
detention storage measures. The goal of this project is to provide the 
greatest environmental benefits possible in conjunction with the 
proposed flood control project. Primary objectives include reducing 
flood risk and property damages, preserving existing resources, 
improving water quality, restoring wetlands, increasing riparian and 
riverine habitat, and reducing cobble and sediment transport. 

• Relation to SPFC Facilities – Identify which SPFC facilities that 
would modified by this project. 

Project Status:  Feasibility Study 

Applicable Management Action(s):  Additional Floodplain and Reservoir 
Storage, Flood Protection System Modification, Ecosystem Functions 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management  

• Supporting Goals – Promote Ecosystem Functions  Promote Multi-
Benefit Projects 

Extent of Benefit Area:  Project has local and regional benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – The project goal is to improve the 
level of flood protection for the communities of Chico, Nord, State 
Routes 99 and 32, and surrounding agricultural land. 

• Ecosystem Restoration – Ecosystem Restoration Improvements will 
be included. Significant issues to be analyzed in depth in the EIS/EIR 
include appropriate levels of the flood damage reduction, adverse 
effects on vegetation and wildlife resources, special-status species, 
esthetics, cultural resources, recreation, and cumulative effects of 
related projects in the study area. 

• Recreation and Other Benefits – Recreational Improvements will be 
included. 

Implementation Cost:  $3 million. 
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Implementation Considerations:   

• Redirected Hydraulic Impacts – None 

• Adverse Environmental Impact and Regulatory Issues – To Be 
Determined 

• Other 

Associated Studies 

The USACE initiated but did not complete a reconnaissance study in 2002. 

References 

CVFP Board Approval of Letter of Intent for the Rock Creek/Keefer 
Slough Feasibility Study.  Available: 
<http://www.cvfpb.ca.gov/meetings/2010/092310Item8K_Rock%2
0Creek_FeasStudyLtrofIntent.pdf> 
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1.43 Sutter Basin Feasibility Study 

Project Type:  Study 

Location Information:   

• Region – Lower Sacramento 

• Subregion – Sutter Basin 

• Location – The study area is that area hydraulically connected to Yuba 
City, California, and roughly bounded by the Feather River, Sutter 
Bypass, Wadsworth Canal, Sutter Buttes, and Cherokee Canal. The 
elongated, irregularly shaped study area covers about 284 square miles 
and is about 43 miles long, north to south, and up to 9 miles wide, east 
to west. Flood waters potentially threatening the study area originate 
from the Feather River watershed or the upper Sacramento River 
watershed, above Colusa Weir. These waterways have drainage areas of 
5,921 and 12,090 square miles, respectively 

• Community Setting – Urban and nonurban areas 

Project Proponents:   

• Lead Agency – USACE 

• Partners – USACE, Board, Sutter-Butte Flood Control Agency 

• Contact Information –  

- Laura Whitney, USACE 

- Michael Musto, DWR  

- William Edgar, Sutter-Butte Flood Control Agency 

Description: 

• Purpose – This multipurpose feasibility study aims to address levee 
improvement measures for existing levee systems as well as 
environmental restoration and recreation opportunities. 

• Concept – The study will investigate measures to improve the level of 
flood protection for Yuba City to a 200-year level. The study will also 
evaluate existing flood protection and determine if further protection is 
feasible for the area located within the boundaries of the Sacramento 
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River Flood Control Project in Butte and Sutter counties. Alternatives 
to be considered during the feasibility study include reoperation of 
upstream reservoirs, reconstruction of project levees, constructing a 
ring levee around Yuba City, modification of the Sutter Bypass, 
modification of the Fremont Weir and others. 

• Relation to SPFC Facilities – Levees of the Feather River, Sutter 
Bypass, and Cherokee Canal adjacent to the project 

Project Status:  Feasibility study 

Applicable Management Action(s):  Flood Protection System 
Modification, Ecosystem Functions 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Promote Ecosystem Functions, Promote Multi-
Benefit Projects 

Extent of Benefit Area:  local, regional, and systemwide benefits 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – The study area is almost 
completely bounded by project levees and the high ground of the Sutter 
Buttes. Consequently, the primary flood-related problems in the study 
area are associated with potential levee failure. Opportunities for 
reducing flood risk could be associated with increasing levee integrity, 
building new levees, altering waterway flow regimes as affected by 
upstream reservoirs, providing new bypasses, and nonstructural 
measures to accommodate flood events and improve public safety. 

• Ecosystem Restoration – The ecosystem restoration and recreation 
measures that are being considered would be secondary to the flood 
damage reduction objective.  If possible, the study will include 
environmental features beyond the scope of mitigation, and potential 
funding sources for ecosystem restoration are being researched. 
Opportunities to restore degraded ecosystems are those that would 
reconnect former floodplains and wetlands with the waterways from 
which they have been separated, regrading mine tailing areas, 
enhancing or protecting interior drainage corridors, and by operating 
reservoirs to provide more “natural” flow regimes. 
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• Recreation and Other Benefits – A secondary goal of the study will 
be to identify increased recreation opportunities. 

Implementation Cost:  $12 million 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Implementation would result in 
positive effects on flood protection to the local community. No adverse 
hydraulic effects are anticipated to occur 

• Adverse Environmental Impact and Regulatory Issues – Only 
temporary (construction-related) negative impacts are expected as a 
result of this project. 

• Other 

Associated StudiesNone. 

References 

U.S. Army Corps of Engineers (USACE). Sutter Basin Flood Risk 
Management, Ecosystem Restoration and Recreation Feasibility 
Study Review Plan. April 2010 (Rev.). Available: 
<http://www.spk.usace.army.mil/organizations/cespk-
pd/Review%20Plans/Sutter_Review_Plan_28apr10.pdf> 

Final California’s Central Valley Flood System Improvement Framework. 
February 2009. Available: 
<http://www.nfrmp.us/docs/CACVFloodSystemImprovementFrame
work_2-27-09FINAL.pdf> 

Report of Activities of the Department of Water Resources. Presented 
December 2010. Available: 
<http://www.floodplain.org/cmsAdmin/uploads/Final_Report_2010
-12-03_DWR.pdf> 
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1.44 West Sacramento Area Flood Control Agency 
Project and General Reevaluation Report 

Project Type:  Study 

Location Information:   

• Region – Lower Sacramento 

• Subregion – West Sacramento 

• Location – Located in eastern Yolo County in the north central region 
of California’s Central Valley. The study area approximately 
corresponds with the city limit for the City of West Sacramento 
comprising 13,000 acres of mixed-use land and an estimated population 
of 44,000 residents 

• Community Setting – Urban and nonurban areas 

Project Proponents:   

• Lead Agency – USACE  

• Partners – USACE, Board, West Sacramento Area Flood Control 
Agency (WSAFCA) 

• Contact Information –  

- Elizabeth Henderson, USACE 

- Michael Musto, DWR 

- Michael Bessette, WSAFCA 

Description: 

• Purpose – The Water Resources Development Act (WRDA) of 1992 
and the Energy and Water Development and Appropriations Act 
(EWDAA) of 1999 authorized the West Sacramento Project, although 
that project is largely constructed, it is not complete. Subsequent to 
authorization, additional information regarding deep under seepage of 
levees has become available. The project partners have requested 
additional investigation into the remaining flood-related issues in the 
study area. USACE has determined that the subsequent investigation be 
pursued as a GRR. 
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• Concept – The GRR is being conducted to study future work necessary 
to provide a minimum of 200-year level of protection for the City of 
West Sacramento. Elements included in the GRR are: hydraulic and 
hydrology studies, geotechnical analysis, environmental 
documentation, economic analysis, cultural resources studies, cost 
estimating and value engineering, and public involvement and outreach. 

• Relation to SPFC Facilities – Levees of the Sacramento Bypass, Yolo 
Bypass, Sacramento River, and Sacramento Deep Water Ship Channel.  
Sacramento Weir. 

Project Status:  Feasibility Study 

Applicable Management Action(s):  Flood Protection System 
Modification, Ecosystem Functions 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Promote Ecosystem Functions, Promote Multi-
Benefit Projects 

Extent of Benefit Area:  Local and regional benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Potential flood risk management 
measures range from modifying and/or increasing conveyance through 
raising and strengthening levees, widening channels and bypass areas, 
and modifying weirs and bypasses. Nonstructural floodplain 
management measures would also be considered. 

• Ecosystem Restoration – Primary ecosystem problems are (1) 
construction of levees and land-use changes have separated rivers from 
historic floodplains, and (2) construction of reservoirs has altered 
historic flow regimes, both of which have resulted in loss of floodplain 
process and associated native habitats. Technical analyses completed to 
date within the proposed study area indicate the potential to restore the 
ecosystem with specific benefits to the following special-status species: 
Swainson's hawk; Cooper's hawk; Valley elderberry longhorn beetle 
(Desmocerus californicus dimorphus); Giant garter snake; Central 
Valley steelhead; Sacramento River winter-run Chinook salmon; 
Central Valley spring-run Chinook salmon ESU; Central Valley fall-
/late fall-run Chinook salmon ESU; rose-mallow (Hibiscus 
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moscheutos); and, Sanford's arrowhead (Sagittaria sanfordii). The 
project may also have high stakeholder and resource agency interest 
due to the existence of encroachments and vegetation on existing levees 
and potential impacts to endangered species habitat, depending on how 
the vegetation and encroachment issues are addressed. 

• Recreation and Other Benefits – A secondary goal of the study will 
be to identify increased recreational opportunities. 

Implementation Cost:  $5.7 million 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Implementation would result in 
positive effects on flood protection to the local community. No adverse 
hydraulic effects are anticipated to occur. 

• Adverse Environmental Impact and Regulatory Issues – Only 
temporary (construction related) negative impacts are expected as a 
result of this project. 

• Other 

Associated Studies 

West Sacramento Project, West Sacramento, California: Design 
Memorandum and Environmental Assessment/Initial Study – USACE 
(May 1995) 

References 

U.S. Army Corps of Engineers (USACE). West Sacramento, California 
Flood Risk Management and Ecosystem Restoration General 
Reevaluation Report Review Plan. April 2010. Available: 
<http://www.spk.usace.army.mil/organizations/cespk-
pd/Review%20Plans/West_Sac_Review_Plan_30April2010.pdf> 

Final California’s Central Valley Flood System Improvement Framework. 
February 2009. Available:< 
http://www.nfrmp.us/docs/CACVFloodSystemImprovementFrame
work_2-27-09FINAL.pdf> 
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1.45 West Stanislaus County Orestimba Creek 
Feasibility Study 

Project Type:  Study 

Location Information:   

• Region – Lower San Joaquin 

• Subregion – Stanislaus County 

• Location – West side of the San Joaquin River in Stanislaus County, 
California, near the City of Newman. 

• Community Setting – Nonurban and small community 

Project Proponents:   

• Potential Lead Agency – USACE 

• Potential Partners – USACE, City of Woodland, Board, Stanislaus 
County 

• Contact Information –  

- Michelle Williams, USACE 

- Ajala Ali, DWR 

- Matt Machado, Stanislaus County 

Description: 

• Purpose – The Orestimba Creek Feasibility Study will evaluate 
feasible flood protection alternatives for the City of Newman and the 
surrounding agricultural areas. State and local agencies are pursuing 
federal authorization of a locally preferred plan that improves the level 
of flood protection from 4 years to 200years. 

• Concept – The Orestimba Creek channel is not able to convey a flood 
event larger than a 10-year magnitude; therefore, the creek does not 
currently play a major role in conveying flood flows. The existing 
channel conveys less than 20 percent of the 100-year discharge. The 
remainder of the flow runs overland through agricultural and residential 
properties on its way to the San Joaquin River, creating shallow, sheet-
flow flooding. The project is a General Investigations study undertaken 
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to evaluate structural and nonstructural flood risk management 
measures, including channel modifications, construction of new levees, 
and construction of an interceptor canal. 

As the evaluation of alternatives for the feasibility study progressed, the 
locally favored alternative of Upstream Dry Dam was not economically 
justified. This alternative also has environmental and safety concerns 
that would be highly controversial if this alternative were carried 
forward. The most acceptable alternative has proven to be a 
combination of widening the stream channel to double its capacity, and 
constructing chevron levees 3 to 4 feet high around the town to protect 
it from flooding. 

• Relation to SPFC Facilities – Not applicable  

Project Status:  Feasibility study  

Applicable Management Action(s):  Flood Protection System 
Modification 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Not applicable 

Extent of Benefit Area:  Local benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – The preferred alternative is 
designed to be protective of the town (Chevron Levees) and reduce the 
flood threat to surrounding agricultural areas (channel widening). 

• Ecosystem Restoration – To Be Determined 

• Water Supply – To Be Determined 

• Recreation and Other Benefits – To Be Determined 

Implementation Cost:  $6.8 million 
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Implementation Considerations:   

• Redirected Hydraulic Impacts – Increased channel flow in Orestimba 
Creek during flood events could have potential negative impacts 
downstream. 

• Adverse Environmental Impact and Regulatory Issues – A 
combined EIS/EIR is being developed for this study. The current 
selected alternative requires a large amount of mitigation for 
environmental impacts within Orestimba Creek. Refinements to design 
aspects are being done to maintain an economically justified 
alternative. 

• Other 

Associated Studies 

None. 

References 

U.S. Army Corps of Engineers (USACE). Orestimba Creek, California 
Flood Risk Management Feasibility Study Review Plan. April 
2010. Available: 
<http://www.spk.usace.army.mil/organizations/cespk-
pd/Review%20Plans/Orestimba_Creek_Review_Plan_30apr10.pdf
> 

USACE. Orestimba Creek Feasibility Study Team Recognized for 
Innovative Thinking.  September 2009. http://www.army.mil/-
news/2009/09/18/27573-orestimba-creek-feasibility-study-team-
recognized-for-innovative-thinking/ 
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1.46 Project Title – White River/Deer Creek 
Feasibility Study 

Project Type:  Study 

Location Information:   

• Region – Upper San Joaquin 

• Subregion – Tulare County 

• Location – Community of Earlimart and 300 square miles of farmland 
in Tulare County 

• Community Setting – Nonurban area and small community 

Project Proponents:   

• Potential Lead Agency – USACE 

• Potential Partners – USACE, Board, County of Tulare 

• Contact Information –  

- USACE PM – Michelle Williams  

- State PM – Efrain Escutia  

- Tulare PM – Jim May  

Description: 

• Purpose – Improve the level of flood protection for the community of 
Earlimart, State Route 99, railroads, federal aqueduct, and 300 square 
miles of farmland in Tulare County.  

• Concept – This study will generate an EIS/EIR and feasibility study to 
evaluate federal, State, and local interests in planning, designing, 
mitigating, and improving existing levee system of White River and 
Deer Creek in Tulare County. 

• Relation to SPFC Facilities – None. 

Project Status:  Reconnaissance level 
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Applicable Management Action(s):  Flood Protection System 
Modification 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Improve Institutional Support, Promote Multi-Benefit Projects 

Extent of Benefit Area:  Project would have local benefits.  

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – To Be Determined 

• Ecosystem Restoration – To Be Determined 

• Water Supply – To Be Determined 

• Recreation and Other Benefits – To Be Determined 
Implementation Cost:  $3.13 million. 

Implementation Considerations:   

• Redirected Hydraulic Impacts – To Be Determined 

• Adverse Environmental Impact and Regulatory Issues – To Be 
Determined 

• Other 
Associated StudiesNone. 

References 

County of Tulare Resource Management Agency Meeting Agenda. October 
2009. Available: 
<http://bosagendas.co.tulare.ca.us/MG306225/AS306228/AS30624
5/AI306345/DO306352/DO_306352.PDF> 

Report of Activities of the Department of Water Resources. Presented 
December 2010. Available: 
<http://www.floodplain.org/cmsAdmin/uploads/Final_Report_2010
-12-03_DWR.pdf> 
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1.47 Yuba River Basin Project GRR 

Project Type:  Study 

Location Information:   

• Region – Lower Sacramento 

• Subregion – Yuba 

• Location – Western Yuba County 50 miles north of Sacramento, 
California. The study area is a portion of the Yuba-Feather-Bear Rivers 
watershed.  

• Community Setting – Urban, nonurban area, and small community 

Project Proponents:   

• Lead Agency – USACE 

• Partners – USACE, Yuba County Water Agency, Reclamation District 
784, Board 

• Contact Information –  

- DWR PM Efrain Escutia  

- USACE PM Mark Ellis  

- YCWA PM Tom Engler  

Description: 

• Purpose – The GRR will reevaluate the flood protection alternatives 
and improvements to the levee system and channels protecting the 
urban areas of Marysville, Linda, Olivehurst, Arboga, and surrounding 
agricultural land and provide 200-year flood protection. 

• Concept – Although the 1998 Final Feasibility Study identified needed 
project elements, the USACE and Board are reevaluating the project 
and preparing a GRR to expand the project area to include the 
Goldfields, the Feather River from River Mile (RM) 20 to the Bear 
River confluence, the Bear River from the Feather River confluence to 
the Western Pacific Interceptor Canal, and the Western Pacific 
Interceptor Canal. In addition, the study will evaluate increasing the 
level of flood protection to 200-year for the Yuba River Basin area. 
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Ecosystem restoration as a secondary project purpose is also under 
study. 

• Relation to SPFC Facilities – Not applicable  

Project Status:  Feasibility study 

Applicable Management Action(s):  Flood Protection System 
Modification 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management  

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Improve Institutional Support, Promote Multi-Benefit Projects. 

Extent of Benefit Area:  Local and regional benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – To Be Determined 

• Ecosystem Restoration– To Be Determined 

• Water Supply– To Be Determined 

• Recreation and Other Benefits– To Be Determined 

Implementation Cost:  $16 million. 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Lower Feather River 

• Adverse Environmental Impact and Regulatory Issues – Unknown 

Associated Studies 

Marysville Ring Levee Engineering Documentation Report. April 2010. 
Available: 
<ftp://ftp.usace.army.mil/pub/spk/Marysville_Ring_levee/PPA/MRL%20E
DR%20Main%20Report.pdf> 
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References 

U.S. Army Corps of Engineers (USACE). Yuba River basin, California 
Flood Risk Management General Reevaluation Study Review Plan. 
April 2010 (Rev.). Available: 
http://www.spk.usace.army.mil/organizations/cespk-
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Final California’s Central Valley Flood System Improvement Framework. 
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1.48 Mid-Valley Area Levee Reconstruction Project 

Project Type:  System Modifications 

Location Information:   

• Region – Lower Sacramento 

• Subregion – Sacramento 

• Location – Sutter and Sacramento Counties 

• Community Setting – Urban 

Project Proponents:   

• Potential Lead Agency – DWR, USACE  

• Potential Partners – Board, seven local agencies and counties, 
including Knights Landing Drainage District and Yolo County 

Contact Information – To Be Determined 

Description: 

• Purpose – The Mid-Valley Project is part of the Knights Landing 
Ridge Drainage District.  The project proposes to repair levees at 13 
sites northwest of the City of Sacramento that have required 
floodfighting or experienced seepage and boils during previous flood 
events.  These levees are integral to the systemwide performance of the 
Sacramento River Flood Control Project and provide direct protection 
to the towns of Knights Landing, Verona, and Nicholas, indirect flood 
protection to the cities of Sacramento and West Sacramento, while also 
protecting 93,000 acres of farmland and associated infrastructure that 
support the Sacramento Valley’s capacity as one of the most productive 
agricultural regions of the world. The repair of levees in Area 3 will 
nearly triple the level of flood protection afforded the town of Knights 
Landing and the adjacent agricultural areas. 

• Concept – Restore levees to design standards on the Feather and 
Sacramento rivers and tributaries just north of Sacramento. Project sites 
extend from the Tisdale Bypass to the Sacramento Bypass and include 
levees of the Sacramento River, Feather River, Yolo and Sutter 
bypasses, and Knights Landing Ridge Cut. 

1-158 January 2012 
 Public Draft 



 1.0 Local and Regional Project Summaries 

Area 3 levee reconstruction involves 3.4 miles of levee repair along the 
Knights Landing Ridge Cut and 1.3 miles of levee repair along the west 
bank of the Sacramento River. The repair of 17 sites located within 
Area 1 was completed in 1998. The remaining 13 sites in 3 areas across 
Yolo and Sutter counties are still in need of repair.  These repairs 
include seepage and stability berms, levee crown restoration, slurry 
cutoff walls, interior drains, and encroachment relocations. 

The USACE is creating a Limited Reevaluation Report for this project 
due in 2012. The environmental document is in the process of being 
updated. 

• Relation to SPFC Facilities – Tisdale Bypass, Sacramento Bypass, 
levees of the Sacramento River, Feather River, Yolo and Sutter 
bypasses, Knights Landing Ridge Cut. 

Project Status:  No additional federal funding provided as of November 
2011.  The Corps is operating on carryover funds to complete designs for 
the six sites within Area 3.  The Corps will continue to request federal 
funding for this project. 

Applicable Management Action(s):  System Modifications – 
Levees/Floodwalls/Hydraulic Structures 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Improve Institutional Support 

Extent of Benefit Area:  Project would have local, regional, and 
systemwide benefits.  

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Provide direct protection to the 
towns of Knights Landing, Verona, and Nicholas, indirect flood 
protection to the Cities of Sacramento and West Sacramento.  Also 
protects 93,000 acres of farmland and associated infrastructure that 
support the Sacramento Valley’s capacity as one of the most productive 
agricultural regions of the world. 

• Ecosystem Restoration – None 

• Water Supply – None 
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• Recreation and Other Benefits – None 

Implementation Cost:  $54 million 

Implementation Considerations:   

• Redirected Hydraulic Impacts. – Levee restoration and reconstruction 
project. No significant hydraulic impact is anticipated. 

• Adverse Environmental Impact and Regulatory Issues – To Be 
Determined 

• Other 

Associated Studies:  None 

References 

DWR. California Department of Water Resources FloodSafe Federal 
Appropriations Project List (Revised as of February 14, 2011). 
Agenda Item No. 7.  Available: 
<http://www.cwc.ca.gov/docs/Agenda_Item_7_%20re%20DWR%2
0Approps%20FY09-FY11%20(2-14-11%20final).pdf> 

Reclamation District 108. Mid-Valley Project. Available: 
<http://rd108.org/flood-control/mid-valley-project>  

USACE. California’s Central Valley Flood System Improvement 
Framework. February 27, 2009. Available: 
<http://www.nfrmp.us/docs/CACVFloodSystemImprovementFrame
work_2-27-09FINAL.pdf>  

DWR. Report of Activities of the Department of Water Resources. 
Presented before the Central Valley Flood Protection Board on 
December 3, 2010. Available: 
<http://www.floodplain.org/cmsAdmin/uploads/Final_Report_2010
-12-03_DWR.pdf> 
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1.49 Sacramento River Flood Control System 
Evaluation 

Project Type:  System Modifications 

Location Information:   

• Region – Upper/Lower Sacramento River 

• Subregion – [all subregions] 

• Location – All levees along the Sacramento River 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – USACE 

• Potential Partners – USACE, DWR 

• Contact Information –  

- Tom Karvonen, USACE 

- Michael Musto, DWR 

Description: 

• Purpose – The Sacramento River Flood Control System Evaluation 
was prepared by the USACE and initiated in 1986 to determine the 
extent of levee reconstruction required to bring the system to original 
design standards.  The evaluation is divided into five phases or areas.  
Work on Phase I, the Sacramento Urban Area Reconstruction Project, 
was completed in 1993. Work on Phase II, the Marysville/Yuba City 
Area, was scheduled for completion in 1999. Phase III (Mid-Valley 
Area), Phase IV (Lower Sacramento Area), and V (Upper Sacramento 
Area) completed engineering and design, and construction schedules 
should have been developed. 

• Concept – One of the areas identified in the report are the deficiencies 
in the structural integrity of the levees along the Feather and Yuba 
rivers, indicating that the level of flood protection provided by these 
levees is lower than previously thought. Without the remedial 
recommendations identified in this report, Sutter County is obliged to 

January 2012 1-161 
Public Draft 



2012 Central Valley Flood Protection Plan 
Attachment 7A: Local and Regional Project Summaries 

acknowledge the lower level of protection. This could be a significant 
constraint on planned growth in the study area.  The area of Sutter 
County impacted extends from the Butte/Sutter County line along the 
Feather River west to the Sutter Bypass and south to their confluence. 

Phase III (Mid-Valley Study area) includes portions in the Sacramento 
River (RMs 70 to 118), Feather River, Knights Landing Ridge Cut, 
Sutter Bypass, and Yolo Bypass. USACE is proposing to construct 
levee stability features at 13 sites.  Major features include seepage 
stability berms, levee crown restoration, levee slope reshaping, and 
slurry trench cutoff walls. 

• Relation to SPFC Facilities – Levees along the Sacramento River 

Project Status:  Recent flood events have shown that the existing level of 
flood protection is significantly less than previously thought. The State of 
California has requested a reevaluation by the USACE of the entire levee 
system. Due to lack of federal funding, the project feasibility study is not 
complete. 

Applicable Management Action(s):  System Modifications – 
Levees/Floodwalls/Hydraulic Structures 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Improve Institutional Support, 
Promote Multi-Benefit Projects 

Extent of Benefit Area:  Project would have local, regional, and 
systemwide benefits.  

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Repairing the levees would 
reduce flood risk potential for communities, businesses, and land 
nearby. 

• Ecosystem Restoration – None  

• Water Supply – None 

• Recreation and Other Benefits – None 

Implementation Cost:  $12 million 
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Implementation Considerations:   

• Redirected Hydraulic Impacts – Little to no negative hydraulic 
impacts.  The levees should be repaired to their designed standards. 

• Adverse Environmental Impact and Regulatory Issues – Need to 
refer to EIR. Adverse environmental impacts may be insignificant. 

• Other 

Associated Studies 

None. 

References 

California Natural Resources Agency. Sutter County General Planning. 
Available: 
<http://ceres.ca.gov/planning/genplan/sutter/facilities3.html>  

U.S. Army Corps of Engineers (USACE). Sacramento River Flood Control 
Project, California, Mid-Valley Area, Phase III. Available:< 
http://www.stormingmedia.us/47/4715/A471524.html> 

USACE. Post-Flood Asessment for 1983, 1986, 1995, and 1997.Chapter 3 
– Central Valley Flood Management Systems. Available: < 
http://www.auburndamcouncil.org/pages/pdf-files/3-
cv_floodmgmt_system.pdf> 

  

January 2012 1-163 
Public Draft 

http://ceres.ca.gov/planning/genplan/sutter/facilities3.html
http://www.stormingmedia.us/47/4715/A471524.html


2012 Central Valley Flood Protection Plan 
Attachment 7A: Local and Regional Project Summaries 

1.50 Hamilton City Flood Damage Reduction and 
Ecosystem Restoration Project 

Project Type:  System Modifications 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Hamilton 

• Location – Glenn County; Along the Sacramento River just south east 
of Hamilton City 

• Community Setting – Urban 

Project Proponents:   

• Potential Lead Agency – DWR (District 2140) 

• Potential Partners – USACE, Glenn-Colusa Irrigation District, The 
Nature Conservancy 

• Contact Information – Lee Ann Grigsby-Puente  

Description: 

• Purpose – Hamilton City and the surrounding agricultural lands are 
subject to frequent flooding from the Sacramento River. The only 
existing protection is from the substandard, private J Levee. The current 
J Levee protects the town of Hamilton City, which has a population of 
approximately 2,070 residents. There are approximately 758 properties 
(residential, commercial, and agricultural) that are at risk of flooding if 
the J Levee were to fail. 

• Concept – The Hamilton City Flood Damage Reduction and 
Ecosystem Restoration Project is defined as: 

- Construction of a new 6.8-mile-setback levee. 

- The reconnection of 1,480 acres to floodplain between the new set 
back levee and the river, of which approximately 1,361 acres will 
be restored to native riparian habitat. 
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• Relation to SPFC Facilities – Sacramento River levee around 
Hamilton City 

Project Status:  Under limited federal funding and grant fund from the 
Nature Conservancy, the USACE design and the Limited Reevaluation 
Report (LRR) are in progress. The construction has not been planned due to 
lack of federal funding. The Project Partnership Agreement (PPA) between 
the Federal and Non-Federal partners has not been signed. 

Applicable Management Action(s):  System Modifications – 
Levees/Floodwalls/Hydraulic Structures 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Improve Institutional Support, Promote Multi-Benefit Projects 

Extent of Benefit Area:  Project has local, regional, and systemwide 
benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – The Project would replace the 
existing J Levee with a new levee 6.8 miles long that is set back from 
the Sacramento River and would protect approximately 3,700 acres, 
including the town of Hamilton City. 

• Ecosystem Restoration – Ecosystem restoration component of the 
project will provide 1,361 acres of potential breeding and nesting areas 
for avian species. The project adjoins 666 acres of restored habitat on 
the Sacramento River National Wildlife Refuge (SRNWR) and it will 
expand and enhance habitat for the 35 federally listed species on the 
SRNWR. The project also adjoins 463 acres of restored habitat on the 
state-owned Sacramento River Wildlife Area and is directly across the 
river from the California Department of Parks and Recreation’s 
Bidwell-Sacramento River State Park. Project completion will result in 
the largest area of connected, viable wildlife habitat (approximately 
4,000 acres) within the Sacramento River Project. 

• Water Supply – None  
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• Recreation and Other Benefits – One of the two primary goals of the 
project, however, is to protect agricultural land from frequent flooding 
events. 

Implementation Cost:  $53,405,750 

Implementation Considerations:   

• Redirected Hydraulic Impacts – Implementation would result in 
positive effects on flood protection to the local community. No adverse 
hydraulic effects would occur. 

• Adverse Environmental Impact and Regulatory Issues – There will 
be temporary disturbance to vegetation and wildlife, but these will 
return after construction is completed. Increased sediment contribution 
to the river during construction and removal of the levee may impact 
fisheries but will only be temporary and project will use best 
management practices to mitigate. 

• Other 

Associated Studies 

USACE. Hamilton City Flood Damage Reduction and Ecosystem 
Restoration, California. Final Feasibility Report and EIR/EIS. July 2004.  

References 

Sacramento River Conservation Area Forum. Hamilton City Flood Damage 
Reduction and Ecosystem Restoration Project website.  Available: 
< 
http://www.sacramentoriver.org/srcaf/index.php?id=hamilton_city> 

USACE. Hamilton City Flood Damage Reduction & Ecosystem 
Restoration Project Status Report. April 21, 2011.  Available: 
<http://www.sacramentoriver.org/srcaf/publications/hamilton_city_
docs/Hamilton_City_presentation_(Karvonen_2011).pdf> 
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1.51 Putah Creek Flood Reduction and Habitat 
Improvement Project 

Project Type:  Floodplain Management 

Location Information:   

• Region – Lower Sacramento 

• Subregion – Solano/Yolo County 

• Location – Downstream from the Putah Creek Diversion Dam in 
Solano/Yolo County 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – Solano County Water Agency 

• Potential Partners – City of Davis, DFG, USACE, DWR 

• Contact Information – Rich Marovich, Solano County Water Agency 

Description: 

• Purpose – The main flood risk is due to overtopping and failure of 
Putah Diversion Dam due to reduced flood flow capacity of the channel 
below the dam. The dam was designed to pass 34,000 cfs, a 1-in-100-
year event. The current capacity is 17,000 cfs, a 1-in-25-year event due 
to increased channel roughness caused by overgrowth of vegetation in 
the channel. If the dam is overtopped, it could be undermined in the 
receding limb of flood flows, interrupting water deliveries to 300,000 
municipal water users and irrigation water for 70,000 acres of farmland 
in Solano County. Eight hundred feet of Putah Creek Road east of 
Highway 505 are also at risk of failure. 

• Concept – The project will be completed in four major phases. 

- Provide planning, communications, stream modeling, and civil 
engineering. 

- Complete CEQA and National Environmental Policy Act 
permitting. 

January 2012 1-167 
Public Draft 



2012 Central Valley Flood Protection Plan 
Attachment 7A: Local and Regional Project Summaries 

- Secure easements and right of ways, acquisition parcels that have 
been identified as critical to the overall success of the flood 
conveyance; and channel modifications and revegetation to support 
those new flows and improve habitat. 

- Establish a creek‐wide O&M plan for weed management and to 
maintain the easements encroachment free will be instituted. 

Relation to SPFC Facilities – Putah Diversion Dam 

Project Status:  Unknown 

Applicable Management Action(s):  Floodplain Management - 
Floodproofing 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management  

• Supporting Goals – Improve Operations and Maintenance, Promote 
Ecosystem Functions, Promote Multi-Benefit Projects 

Extent of Benefit Area:  Project would have local and regional benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Protection and reduction of flood 
risk to Putah Diversion Dam and Putah Creek Road from failure – 

- Putah Diversion Dam 1 in 25 years to 1 in 100 years and Putah 
Creek Road from 1 in 10 years to 1 in 200 years 

- Restore channel capacity back to 34,000 cfs 

- Lower water surface elevations and reduce flow velocities by 
eliminating constrictions 

• Ecosystem Restoration 

- Links the Interior Coast Range to the Yolo Wildlife Area and will 
benefit wildlife migration by controlling invasive weeds that block 
access to the floodplains 

- Enhances riparian habitat that benefits 232 species of birds 
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- Converts a gravel pit to floodplain and wetlands to cool the 
temperature for 3 miles downstream 

- Enhances wildlife viewing on adjacent City of Winters lands 

• Water Supply – None 

• Recreation and Other Benefits – Conserve orchards and row crops 

Implementation Cost:  $6,061,858 

Implementation Considerations:   

• Redirected Hydraulic Impacts – To Be Determined 

• Adverse Environmental Impact and Regulatory Issues – Flood 
management actions, especially structural management actions, have 
the potential to adversely impact the environment while meeting other 
flood management goals. The impacts of this project have not yet been 
determined. 

• Other 

Associated Studies 

U.S. Army Corps of Engineers (USACE). Habitat Improvement for Native 
Fish in the Yolo Bypass. December 2002. 

References 

Central Valley Non-Structural Grant Program Project Summary 
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1.52 Floodplain Expansion and Ecosystem 
Restoration at Dos Rios Ranch 

Project Type:  Floodplain Management 

Location Information:   

• Region – Lower San Joaquin 

• Subregion – Tuolumne/ San Joaquin 

• Location – Stanislaus County; Lower Tuolumne River Parkway; 
confluence of Tuolumne and San Joaquin rivers 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – River Partners 

• Potential Partners – Tuolumne River Trust and USDA NRCS 

• Contact Information – Julie Rentner, River Partners 

Description: 

• Purpose – Floodplain reconnection and floodplain habitat restoration. 

• Concept – Phase 2 of a current Flood Control Plan project which 
acquired the property.  This phase will comprise of three major 
components; restoration planning and permitting, habitat restoration, 
and a levee breaching study.  The project will restore flooding and 
transient floodwater storage to 948 acres of historic floodplain, restore 
riparian habitats, and promote river physical processes of scour and 
deposition along 6 river miles. 

• Relation to SPFC Facilities – None 

Project Status:  Phase 1 of the project acquired the flood easement and 
Phase 2 is in planning. 

Applicable Management Action(s):  Floodplain Management – 
Easement/Acquisitions  
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Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions 

Extent of Benefit Area:  Project would have local and regional benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – The flood benefit was obtained 
through Phase 1 of the project that included the acquisition of the 
property.  Phase 2 is for restoration of the project plus a levee breaching 
study.  If Phases 1 and 2 are considered one project, the flood benefits 
include the creation of 5,000 to 10,000 acre-feet of transient storage. 

• Ecosystem Restoration – Improve the quality of the existing habitat 
linkages and migratory corridors in the region by restoring the 
biological processes of floodplain ecology to support avian, aquatic, 
and terrestrial-obligate species. 

• Water Supply – Currently has groundwater storage and sediment 
trapping. 

• Recreation and Other Benefits 

Implementation Cost:  $8,519,316 

Implementation Considerations:   

• Redirected Hydraulic Impacts – None anticipated. 

• Adverse Environmental Impact and Regulatory Issues – None 
anticipated. 

Associated Studies 

None 

References 

Tuolumne River Preservation Trust. Project Information for the Tuolumne 
River Preservation Trust. 2005 Proposal Number: 0056. Available: 
< 
https://nrmsecure.dfg.ca.gov/FileHandler.ashx?DocumentVersionI
D=11007>  
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1.53 Elk Slough Area and Habitat Improvement 
Project 

Project Type:  System Modifications 

Location Information:   

• Region – Lower Sacramento 

• Subregion – Sacramento 

• Location – The site is adjacent to the town of Clarksburg, across the 
river from Elk Grove and Sacramento 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – DWR 

• Potential Partners – DFG, USACE 

• Contact Information – Bob Webber (DWR) 

Description: 

• Purpose – There is a backwater effect from flooding of the Sacramento 
River and the area is in direct risk of flooding from the Sacramento 
River as well. There is a risk of levee breaches from other areas such as 
from West Sacramento levee failures. The area is at risk of 
development, and encroachment on levees is common.  Also, the 
highest terrain consists of the levees, which puts the area at risk. 

• Concept – The Elk Slough Area Flood and Habitat Improvements 
Project proposes to improve flood protection for a rural Delta 
community and valuable agricultural land, improving much-needed 
riparian and aquatic habitat, while at the same time reconnecting an 
important anadromous fish passage. 

The project proposes constructing a new headgate structure to establish 
a flood protection corridor, and to relocate or floodproof existing 
structures necessary for the establishment of this corridor. 

• Relation to SPFC Facilities – None 
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Project Status:  Unknown 

Applicable Management Action(s):  System Modifications – Closure 
Structures 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Promote Ecosystem Functions, Improve 
Institutional Support 

Extent of Benefit Area:  Project would have local benefits 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit 

- This project will reduce flood risk from approximately 19 miles of 
at risk levees, 1,401 people (2000 Census), 38,479 acres, and $70 
million of annual agricultural value, through the establishment of 
easements and the relocation or minor modification of existing 
structures. 

- A conservative estimate would be a 10 percent improvement in 
local flood water conveyance for an overall area of approximately 
38,479 acres, which would reduce frequency of flooding and lower 
stage height. The precise improvements would be determined 
through this project, as there is no Base Flood Elevation for RD-
999. Approximately 4,300 acres of the properties immediately 
surrounding Elk Slough would have a reduction of stage primarily, 
as flow would be improved around the slough. 

- The project is intended to improve flowage through the district’s 
drain system and around Elk Slough. 

• Ecosystem Restoration 

- Project proposes to establish a anadromous fish passage 

- Improve aquatic habitat such as shaded riverine aquatic, scrub-
shrub, and riparian forest. 

- Improve water quality by laying back the banks of the slough to 
support native vegetation and improve flood conveyance 
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- Improve native fish species diversity 

- Improve habitat through weed removal 

• Water Supply – None 

• Recreation and Other Benefits – Conserve agricultural land (local 
vineyards and row crops) through agricultural conservation. 

Implementation Cost:  $3,042,250 

Implementation Considerations:   

• Redirected Hydraulic Impacts – To Be Determined 

• Adverse Environmental Impact and Regulatory Issues – Flood 
management actions, especially structural management actions, have 
the potential to adversely impact the environment while meeting other 
flood management goals. The potential impacts of this project have not 
yet been determined. 

Associated Studies 

None 

References 

Central Valley Non-Structural Grant Project Information 
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1.54 Sutter Basin Flood Corridor Conservation 
Project 

Project Type:  Floodplain Management 

Location Information:   

• Region – Lower Sacramento 

• Subregion – Feather River/Yuba River 

• Location – Sutter County. Located east of the town of Robbins. 
Between Armour Road and the west levee of Sutter Bypass near the 
confluence with the Feather River, and between Kirkville and Maddock 
roads. 

• Community Setting – Nonurban 

Project Proponents:   

• Potential Lead Agency – Ducks Unlimited, Western Regional Office 

• Potential Partners – U.S. Department of Agriculture, Montna Farms 

• Contact Information – Joe Navari (Ducks Unlimited) 

Description: 

• Purpose – The Sutter Basin, located on west side of Sutter Bypass, has 
historically been an overflow area for both Sacramento and Feather 
rivers. Substantial efforts to manage the Sacramento and Feather river 
floodwaters has resulted in the Sutter Basin being completely 
surrounded by levees and will remain dry unless levees fail. The subject 
property has flooded in past due to seepage from western levee of 
Sutter Bypass and during large flood events due to levee failure. 

• Concept – The project would place a conservation easement on 2103 
acres of agricultural lands. The easement would protect the agricultural 
productivity, soils, the associated wildlife values and the future of 
arming in the Sutter Basin. The conservation easement would restrict 
subdivision and would also provide foraging habitat for wintering 
migratory birds. 

• Relation to SPFC Facilities – None 
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Project Status:  Unknown 

Applicable Management Action(s):  Floodplain Management – 
Easements/Acquisitions 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Promote Ecosystem Functions 

Extent of Benefit Area:  Project has local and regional 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Project would place an 
agricultural conservation easement on 2,103 acres and limit 
development to outside the project area. Project would protect areas 
downstream by providing flood capacity to the Sutter Bypass levee 
during large levee failure and heavy flow events. 

• Ecosystem Restoration – Project would provide foraging habitat for 
wintering migratory birds. 

• Water Supply – None 

• Recreation and Other Benefits – Project would place an agricultural 
conservation easement on 2013 acres. Present agricultural use is 
intensive rice production and produces 80 to 90 100-pound sacks of rice 
per acre. 

Implementation Cost:  $6,431,710 

Implementation Considerations:   

• Redirected Hydraulic Impacts – The project will not reduce the 
magnitude of a flood flow.  The project will lower surface water 
elevations during a local flood event by keeping the property in low-
intensive agriculture on flat land resulting in little or no flood damage.  
No impairments that would impact flow velocities from flooding 
because the property will allow low-flow inundation and the property is 
flat farmland. 

• Adverse Environmental Impact and Regulatory Issues – No long-
term adverse environmental impact. 
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• Other 

Associated Studies 

None 

References 

Central Valley Non-Structural Grant Project Information. 

Ducks Unlimited, Inc. Flood Protection Corridor Program Project 
Evaluation Criteria and Competitive Grant Application Form. 
February 2003. Available: < 
http://www.water.ca.gov/floodmgmt/fpo/sgb/fpcp/prop13/proposals
/3002_LealProperties/Application.pdf> 
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1.55 Colusa Ring Levee Flood Protection 

Project Type:  Local Area Protection 

Location Information:   

• Region – Upper Sacramento 

• Subregion – Colusa Drain 

• Location – Highway 20 just outside City of Colusa limits 

• Community Setting – Other 

Project Proponents:   

• Potential Lead Agency – County of Colusa  

• Potential Partners 

• Contact Information – Chris Ferrari, HDR 

Description: 

• Purpose – In 2000, Phase 1 of a ring levee project was constructed 
westward of the city limits between high ground to the north and 
Highway 20, which runs east-west. This included the construction of a 
new levee along the Colusa Basin Drain to impede floodwater coming 
from the northeast that historically inundated the project area. After 
construction of the Phase 1 levee, flooding still occurred from 
floodwater backing up from the south across Highway 20 and 
inundating portions of the project area. There is also an existing federal 
project levee to the south of the city limits approximately 2.1 miles 
south east of the Phase 1 levee. 

Historically flooding has occurred when flood waters flowing in the 
Colusa Basin Drain spread near the Highway 20 Bridge and extended 
northeast. Flooding was experienced to an approximate depth of 2.5 
feet during high-water events in 1995, 1997, and 1998. In some of these 
instances, Highway 20, the areas major thoroughfare, was shut down 
due to flooding. Though these events occurred before the construction 
of the Phase 1 levee, the area has not experienced similar events to test 
the new levee system. In addition, since the Phase 1 levee has not been 
certified, it is not recognized as having a flood damage reduction 
benefit to the project area. 
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• Concept – Project would construct a 2.9-mile ring levee to connect to 
the Phase 1 and federal project levees to provide flood damage 
reduction from the Colusa Basin Drain, which generally runs north-
south to the west of the project area. 

• Relation to SPFC Facilities – Colusa Basin Drain  

Project Status:  Phase 1 is complete. Further design and construction are 
necessary. 

Applicable Management Action(s):  System Modifications – 
Levees/Floodwalls/Hydraulic Structures 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Improve O&M, Promote Ecosystem Functions, 
Improve Institutional Support, Promote Multi-Benefit Projects 

Extent of Benefit Area:  Project would have local, regional, and 
systemwide benefits. 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit – Once certified, the new levee 
system would effectively cut off flooding associated with the Colusa 
Basin Drain from the west, removing approximately 2,600 acres out of 
the floodplain. In a flood event, floodwaters extend into the 
unincorporated areas of Colusa County, that area directly adjacent to 
the City of Colusa, inundating agricultural and commercial land. This 
impacts approximately 110 structures, State Highway 20, and several 
acres of agricultural land. The total estimated value of the structures 
impacted by the floodwater is $26.1 million. 

• Ecosystem Restoration – Implementation of the project includes 
restoration of a 27-acre borrow site that will be owned by the City of 
Colusa and will provide habitat connectivity to the adjacent existing 
Phase 1 borrow site. The Phase 1 borrow site, currently composed of 
wetland/pond habitat, will be expanded to provide borrow for the 
proposed project. The land proposed for the borrow site is currently in 
agricultural production. Soil will be removed from the borrow site for 
use during construction. Upon completion of construction, wetland and 
pond habitat similar to that created at Phase 1 site will be created at the 
borrow site. 
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Areas of unique ecological and biological diversity in and adjacent to 
the site include vernal pools, seasonal and managed wetlands, alkali 
grassland, riparian habitats and drainages. Agricultural fields provide 
foraging habitat for migrating waterfowl along the Pacific Flyway as 
well as resident and migratory raptors and waterfowl. The site is 
located adjacent to the 646-acre Colusa National Wildlife Refuge North 
Central Valley Wildlife Management Area. 

• Water Supply – None  

• Recreation and Other Benefits – None 

Implementation Cost:  $5.5 million 

Implementation Considerations:   

• Redirected Hydraulic Impacts – To Be Determined 

• Adverse Environmental Impact and Regulatory Issues – Flood 
management actions, especially structural management actions, have 
the potential to adversely impact the environment while meeting other 
flood management goals. The potential impacts of this project have not 
yet been detrmined. 

• Other 

Associated Studies 

None 

References 

Central Valley Non-Structural Grant Project Information 
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1.56 The Lower San Joaquin River Flood Bypass 

Project Type:  System Modifications 

Location Information:   

• Region – Lower San Joaquin 

• Subregion – San Joaquin County, Stockton and South Delta 

• Location – In the Delta, along Paradise Cut/San Joaquin River, south 
of Stewart Tract, west of cities of Lathrop and Manteca; at juncture of 
Interstates 5 and 205 

• Community Setting – Urban 

Project Proponents:   

• Potential Lead Agency – Southern Delta Levee Protection and 
Channel Maintenance Authority  

• Potential Partners – South Delta Water Agency and Reclamation 
District 2062, American Rivers and Natural Resources Defense 
Council, River Islands Development Company, San Joaquin County 
Resource Conservation District, University of the Pacific, American 
Lands Conservancy 

• Contact Information – John Brodie (Mokelumne River Watershed 
Coordinator, San Joaquin County RCD) 

Description: 

• Purpose: 

- High flood stage on San Joaquin River between Mossdale and 
Stockton 

- High probability of catastrophic flooding in Lathrop, Manteca, 
Stockton, and unincorporated San Joaquin County 

- Loss of sensitive species habitat 

- Loss of farmland to development 

- Uncontrolled flooding on farmland 
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• Concept: 

- Increase flood conveyance capacity through a constrained reach of 
the San Joaquin River floodway by acquiring easements and fee 
title to expand Paradise Cut Bypass. 

- Provide floodplain and riparian habitat for sensitive species 
including riparian brush rabbit, giant garter snake, Sacramento 
splittail (Pogonichthys macrolepidotus), and juvenile Chinook 
salmon. 

- Preserve agricultural land and protect it from uncontrolled flooding. 

• Relation to SPFC Facilities – Paradise Cut Bypass 

Project Status:  Recon or Feasibility Phase 

Applicable Management Action(s):  System Modifications – Increase 
Bypasses Capacity 

Contribution to CVFPP Goals:   

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals – Promote Ecosystem Functions, Improve 
Institutional Support, Promote Multi-Benefit Projects 

Extent of Benefit Area:  Project would have local, regional, and 
systemwide benefits 

Potential to Provide Multi-Benefits:   

• Flood Damage Reduction Benefit 

- “The bypass would open up the most significant flood conveyance 
bottleneck in the San Joaquin Valley and potentially the state of 
California – a bottle neck that has implications for both public 
safety and water supply.” (from application) 

- Reduced flood stage in mainstem San Joaquin River between 
Vernalis and Stockton. 

- Reduced likelihood of levee failure on San Joaquin River in 
Lathrup, Manteca, and Stockton areas. 
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• Ecosystem Restoration  

- Sensitive species and habitat - Swainson’s hawk, valley elderberry 
longhorn beetle, tricolored blackbird (Agelaius tricolor), bats, 
burrowing owl (Athene cunicularia), northern harrier (Circus 
cyaneus), riparian brush rabbit (Sylvilagus bachmani riparius), 
giant garter snake, Swainson’s hawk, steelhead salmon, fall-run 
Chinook and spring-run salmon, Sacramento splittail, others. 

- Riparian corridor along Paradise Cut, a significant riparian corridor 
connecting the Delta to the lower San Joaquin River and has been 
identified as a significant natural resource area in the San Joaquin 
County Conservation Plan. 

- Benefits – Up to about 100 acres habitat, 950 acres flood and 
habitat, and 921 acre flood, agriculture, and habitat. 

• Water Supply – Increase Bypass capacity and flood flow through the 
South Delta region would potentially decrease the salinity level in the 
Delta region and improve the water quality of the regional water 
supply. 

• Recreation and Other Benefits 

- Benefits – Change of about 4,221 acres of existing agriculture into 
approximately 2,200 acres of flood and agriculture, and 921 acres 
of flood and agriculture and habitat. 

- Development avoided by use of flood easements, conservation 
easements, fee title acquisition, and possibly use Williamson Act 
contracts. 

- Inundation to some lands controlled by flood easements on others. 

- Flexibility for changes in upstream reservoir management to better 
optimize the water supply and flood control purposes of four major 
upstream reservoirs. 

- Wetland creation along the expanded bypass corridor could have 
significant water quality benefits, including sediment settling out of 
the water column into the bypass area. 

- While local access may or may not become available, public 
viewing may be available from developing River Islands 
development project to the north. 
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Implementation Cost:  $6,125,000 

Implementation Considerations: 

• Redirected Hydraulic Impacts – To Be Determined 

• Adverse Environmental Impact and Regulatory Issues – Flood 
management actions, especially structural management actions, have 
the potential to adversely impact the environment while meeting other 
flood management goals. The potential impacts of this project have not 
yet been determined. 

• Other 

Associated Studies 

BDCP EIR/EIS 

References 

Central Valley Non-Structural Grant Project Information. 

BDCP EIR/EIS 
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Cover Photo: Sacramento Weir (December 24, 1964), DWR Photo Lab

The Sacramento Weir and Bypass discharges excess flows from the

Sacramento River (on the left) into the Yolo Bypass (not shown).  

The 1964-65 water year was marked by one of the most disastrous floods in California’s history.
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1.0 Introduction 
This section states the purpose of this report, gives background information 
(including a description of planning areas, goals, and approaches) and 
provides an overview of the report organization. 

1.1 Purpose of this Report 

This Technical Analysis Summary Report provides an overview of the 
technical analysis approach, tools, and data supporting development of the 
2012 Central Valley Flood Protection Plan (CVFPP). 

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the CVFPP, for adoption by the Central Valley Flood Protection 
Board (Board).  The 2012 CVFPP provides a systemwide approach to 
protecting lands currently protected from flooding by existing facilities of 
the State Plan of Flood Control (SPFC), and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta).  

1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010)).  The State of 



2012 Central Valley Flood Protection Plan 
Attachment 8: Technical Analysis Summary Report 

1-2 January 2012 
 Public Draft 

California’s (State) flood management responsibility is limited to this 
area. 

• Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 

1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals: 

 Improve Operations and Maintenance 

 Promote Ecosystem Functions 

 Improve Institutional Support 

 Promote Multi-Benefit Projects 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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No Project 
• Continuation of existing conditions, 

including ongoing routine 
maintenance, floodfighting and 
post-flood repairs, and other flood 
management programs. 

• Includes projects that are currently 
authorized, funded, permitted, 
and/or under construction. 

1.5 2012 CVFPP Planning Approaches 

 In addition to the No Project approach, three 
fundamentally different approaches to flood 
management were initially compared to explore 
potential improvements in the Central Valley.  These 
approaches are not alternatives; rather, they bracket a 
range of potential actions and help explore trade-offs in 
costs, benefits, and other factors important in decision 
making.  The approaches are as follows: 

• Achieve SPFC Design Flow Capacity – Address 
capacity inadequacies and other adverse conditions 
associated with existing SPFC facilities, without 
making major changes to the footprint or operation 
of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

• Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 

Comparing these approaches helped identify the advantages and 
disadvantages of different combinations of management actions, and 
demonstrated opportunities to address the CVFPP goals to different 
degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 
developed that encompasses aspects of each of the approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

As described above, this summary report describes the numerous technical 
analyses preformed to support the 2012 CVFPP. 
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Figure 1-2.  Formulation Process for State Systemwide Investment Approach 

1.6 Report Organization 

Organization of this document is as follows: 

• Section 1 introduces and describes the purpose of this report and 
provides background information. 

• Section 2 summarizes the physical approach elements of flood 
management actions evaluated in the 2012 CVFPP. 

• Section 3 provides an overview of the methods used for comparing and 
evaluating No Project, the three preliminary approaches, and the State 
Systemwide Investment Approach. 

• Section 4 provides an overview of other technical evaluations not used 
directly in the approach evaluations and comparisons. 

• Section 5 describes the anticipated technical evaluation framework for 
the 2017 CVFP. 

• Section 6 contains references for the sources cited in this document. 

• Section 7 lists acronyms and abbreviations used in this document. 

Attached to this report are 12 technical reports that document the technical 
analyses performed for the 2012 CVFPP. These documents are named in 
the List of Attachments section. 
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2.0 Summary of Approach Elements 
Evaluated 

Development of the CVFPP included formulating and evaluating three 
preliminary approaches to explore different potential physical changes to 
the existing flood management system and to assist in highlighting the need 
for policy or other management actions. Evaluation and comparison of the 
approaches focused primarily on the physical elements of the approaches. 
Technical studies were conducted to determine how physical changes to the 
system would affect performance of the system as a whole with respect to 
protecting public safety, reducing flood damages, restoring degraded 
ecosystems, and contributing to a wide range of multiple benefits. 
Technical analyses supporting the approach evaluations and comparisons 
are described in Section 3. 

Tables 2-1 through 2-4 list the physical elements included in the No 
Project, three preliminary approaches, and State Systemwide Investment 
Approach. These physical elements include the following: 

• Reservoir and floodplain storage features 

• Bypass and weir modifications 

• Flood structure improvements 

• Levee improvements in urban areas, small communities, and rural-
agricultural areas 

• Ecosystem restoration features 
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Table 2-1.  Storage Features Included in Approaches 
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Reservoir Storage and Operations 
• Forecast-based/coordinated operations (Yuba/Feather) 1      

• Folsom Dam Joint Federal Project 2      

• Modify Lake Oroville release schedule (200 TAF effective 
increase in storage).      

Increase flood storage 3 
• New Don Pedro Reservoir – 230 TAF 
• Friant Dam/Millerton Lake – 60 TAF 
• New Exchequer Dam/Lake McClure – 100 TAF 

     

Floodplain Storage 

• Sacramento River Basin – 200 TAF 
• San Joaquin River Basin – 100 TAF 

     

Notes: 
1  Coordinated operations implement two control points at confluence of Yuba and Feather rivers, and Feather 
River at Nicolaus. 
2  Folsom Dam Joint Federal Project (as authorized) modeled using USACE updated Folsom Dam operations 
model (provided by Kyle Keer at USACE Sacramento District, February 2011).  
3  Increase in flood storage was modeled as an increase in effective flood space allocation in these reservoirs. This 
increase can be achieved either through a physical raise of the existing dam or outlet/spillway structures, or 
reallocation of available storage space between the different water uses. 
Key: 
SPFC = State Plan of Flood Control 
TAF = thousand acre-feet 
USACE  = U.S. Army Corps of Engineers 
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Table 2-2.  Bypass System and Flood Structure Features Included in 
Approaches 
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Bypass and Weir System 

• Tisdale Bypass and Fremont Weir dredging 1      

• Sutter Bypass widening 
• New Feather-Butte Basin Bypass 
• Fremont Weir widening 
• Yolo Bypass expansion 
• Sacramento Weir and Bypass widening 
• Lower San Joaquin River Bypass (widen Paradise Cut) 

     

Flood Structure Improvements 2 

• Gate structure for Feather River Bypass 
• Butte Basin small weir structures 
• Upgrade and modification of Colusa and Tisdale weirs 
• Sacramento Weir widening and automation 
• Gate structures and/or weir at Paradise Cut 
• Upgrade of  structures in Upper San Joaquin 

Bypasses 
• Low-level reservoir outlets at New Bullard’s Bar Dam 
• Fremont Weir widening and improvement 
• Additional pumping plants and small weirs 

     

• Cache Creek sediment removal 
• Sacramento system sediment remediation 

downstream from weirs 
     

Notes: 
1  Drawings of Fremont Weir sediment removal (DWR, 2006a) and Tisdale Weir sediment removal (DWR 
2006b). 
2  Flood structure rehabilitation, erosion repair, and sediment removal were not modeled as part of any approach 
because of the negligible hydraulic effects on the system as a whole. 
Key: 
DWR = California Department of Water Resources 
SPFC= State Plan of Flood Control 
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Table 2-3.  Levee Improvement Features Included in Approaches 
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Urban Levee Improvements 1 
FloodSAFE Early Implementation Projects: 
• Natomas area levees improvements program,2 Marysville ring 

levee,3 Feather and Bear rivers levee improvements 4 
     

Levee improvements to pass 200-year water surface 5      

Levee reconstruction to safely pass SPFC design capacity flows 6      

Small Community Levee Improvements 7 

Protection from 100-year flood event  for small communities within 
the SPFC Planning Area       

Rural-Agricultural Levee Improvements 

Levee reconstruction  to pass safely SPFC design capacity flows 6      

Alternative rural improvements8: 
• Address known deficiencies based on 2011 inspection reports9 
• Restore crown and all-weather access roads 

     

Notes: 
1  Urban area is areas with population greater than 10,000. They include Marysville, Yuba City/Live Oak/Gridley, Sacramento 
area, West Sacramento, Stockton area, and Lathrop and vicinity. 
2  Natomas area levee improvements (as constructed and/or planned/pending) are modeled using levee performance curves 
developed by the Urban Levees Evaluation (ULE) Program. 
3  Marysville levee improvements (as constructed) were modeled as reconstructed levees because ULE curve was not available. 
Reconstructed levees were modeled as levees with no probability of failure until overtopped. 
4  Three Rivers Levee Improvement Authority setback levee project (as constructed) was modeled as reconstructed levees. 
5  In simulating improvements to achieve an urban level of flood protection, the 200-year water surface profile from the No Project 
(baseline) simulation was used as the basis for establishing the probable failure point for urban levees.  Actual level of protection 
in urban areas may be somewhat higher or lower than the 200-year, depending on the effects of other storage and conveyance 
features included in the approaches. 
6  Reconstructed SPFC levees were modeled as levees with no probability of failure until overtopped. In some reaches, levee 
crown elevations were increased to address freeboard deficiencies based on the information from the ULE and Non-Urban Levee 
Evaluation Programs. Level of protection for reconstructed levees varies. 
7  Small communities are areas with population less than 10,000. Small community improvements were not specifically modeled 
because of the negligible effects of improving small segments of SPFC levees. For the State Systemwide Investment Approach, 
small communities’ protection is also subject to economic feasibility.   
8  Alternative rural improvements were not specifically modeled because of the negligible effects on levee performance curves. 
9  2011 Inspection Report of the Central Valley State-Federal Flood Protection System. DWR Flood Project Integrity and 
Inspection Branch. 
Key: 
SPFC = State Plan of Flood Control 
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Table 2-4. Ecosystem Restoration Features Included in Approaches 
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Ecosystem Restoration Features 
Fish Passage Improvements:1 
• Sutter Bypass and fish passage east of Butte Basin 
• Freemont Weir fish passage improvements 
• Yolo Bypass/Willow Slough Weir fish passage improvements 
• Yuba River fish passage and fish screen 
• Mendota Pool fish passage and fish screen 

     

Setback levees:2 
• Lower Feather and Bear rivers 
• Sacramento River north of Tisdale Weir 
• Short reaches of Sacramento River south of Tisdale Weir 
• San Joaquin River between Merced and Stanislaus rivers 

     

Environmental conservation development 3 
• For areas within new or expanded bypasses 
• For areas within connected floodplains in levee setback locations 

     

Notes: 
1  Fish passage improvements were not simulated because of localized effect on system operations. 
2  Levee setbacks were modeled as 1,000- to 2,000-foot expansion of the floodway corridor, depending on the topography. 
Levees on both sides of the setback were modeled as reconstructed levees with no probability of failure until overtopped. 
3  Environmental conservation developments in the floodway would be designed to have limited hydraulic effects on the flood 
carrying capacity of the system. Therefore, these elements were not modeled because of anticipated localized effects.  
Key: 
SPFC =State Plan of Flood Control 
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3.0 Evaluation Methods for 
Approach Comparison 

To support development of the 2012 CVFPP, existing and available data 
and tools were primarily used to help understand the performance of the 
existing flood management system, and assess the effects of proposed 
improvements. This section describes the evaluation methods and 
analytical studies conducted to support evaluation and comparison of the 
preliminary approaches, and formulation of the State Systemwide 
Investment Approach. 

3.1 Overview of Evalaution Methods 

The analytical studies needed to support plan 
formulation included a series of sequential 
and parallel evaluations and analyses that 
commenced with hydrology to develop 
unregulated flow hydrographs into reservoirs 
and streams.  This was followed by reservoir 
models to develop regulated flows for the 
riverine and estuary hydraulic models, which 
route floodflows and simulate water stages, 
flow rates, levee breaches, and out-of-bank 
flows. Geotechnical levee performance 
characterizations that describe levee failure 
probability throughout the system provided 
levee performance curves for the riverine 
hydraulic models. Out-of-bank flows were routed using floodplain 
hydraulic models to characterize the extent and depth of floodplains. Risk 
analysis was then conducted using geotechnical and hydrologic/hydraulic 
information and uncertainties to assess economic damages and life risk. 
Conceptual-level design and cost estimates were also developed for the 
proposed flood management features. Change to regional economic output 
and employment due to proposed flood improvement was assessed using 
cost and economic information. 

Figure 3-1 illustrates the technical analyses and tools supporting the 2012 
CVFPP. These key technical analyses and tools are briefly described in the 
following sections. 
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Legend:
Comprehensive 
Study

Sacramento and San Joaquin River Basins Study Comprehensive Study 
(USACE, 2002)

HEC USACE Hydrologic Engineering Center

HEC-FDA HEC Flood Damage Analysis model

FLO-2D Fullerton, Lenzotti, and O’Brien – Two Dimensional model

HEC-RAS HEC River Analysis System model

HEC-ResSim HEC Reservoir Operations Simulation model

HEC-5 HEC Reservoir Operations Simulation model (predecessor to HEC-ResSim)

RMA RMA Finite Element Model of Sacramento-San Joaquin Delta hydrodynamics

UNET One-Dimensional Unsteady Network Flow model (predecessor to HEC-RAS) 

USACE U.S. Army Corps of Engineers  
Figure 3-1.  Technical Analyses and Tools Supporting 2012 CVFPP Development 
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3.2 Flood Hydrology 

Synthetic hydrology was adopted for the 2012 CVFPP based on the 
“composite floodplain” concept. This concept recognizes that a frequency-
based floodplain is not created by a single flood event, but by a 
combination of several events, each of which shapes the floodplain at 
different locations.  The composite floodplain represents the maximum 
extent of inundation possible at all locations for any simulated storm 
events. To construct a composite floodplain, a series of storm centerings, 
which is a set of storms with different return periods (annual exceedence 
probabilities), assigned to a set of tributaries, was developed to characterize 
flooding in different parts of the Sacramento and San Joaquin river basins. 
This synthetic flood hydrology generated unregulated flow hydrographs 
into reservoirs and streams. The synthetic hydrology developed for the 
Comprehensive Study (USACE, 2002) was adopted for the 2012 CVFPP. 
Details of synthetic hydrology development and use are documented in 
Attachment 8A: Hydrology. 

3.3 Reservoir Analysis 

Reservoirs and storage facilities in the Sacramento and San Joaquin river 
basins provide an important flood management function in regulating flood 
flows. Using the synthetic flood hydrographs, reservoir models simulate 
operations of the Sacramento River and San Joaquin River multipurpose 
reservoirs to generate regulated flood releases. Reservoir analysis for the 
CVFPP used the U.S. Army Corps of Engineers (USACE) Hydrologic 
Engineering Center 5 (HEC-5) reservoir models (USACE, 1998) developed 
for the Comprehensive Study (USACE, 2002). These HEC-5 models were 
updated to accurately represent current operations. In addition, HEC 
Reservoir Simulation (HEC-ResSim) model for Folsom Lake was used to 
simulate modified releases from Folsom Lake under the Joint Federal 
Project (Reclamation, 2009). The reservoir analysis evaluated potential 
changes to flood storage and releases in reservoirs in the Sacrament and 
San Joaquin river basins to improve flood management. Details of these 
technical evaluations are documented in Attachment 8B: Reservoir 
Analysis. 
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3.4 Riverine Channel Evaluations 

Riverine hydraulic models were used to define flow rates and water stages, 
levee breach locations, and out-of-bank flows along the Sacramento and 
San Joaquin rivers and their tributaries under various synthetic flood 
events. The Unsteady Network (UNET) hydraulic model (USACE, 1997) 
developed for the Comprehensive Study (USACE, 2002) was selected for 
use in the CVFPP study because it provides extensive coverage of the flood 
management system in the Sacramento and San Joaquin river basins. These 
models were updated to represent current conditions, including updated 
levee performance information and other changes in channel and levee 
characteristics. In addition, HEC River Analysis System (HEC-RAS) 
models for the Calaveras River, Mormon Slough, and Bear Creek were 
developed to simulate streams in the Stockton area. Details of tools updates 
and technical evaluations are documented in Attachment 8C: Riverine 
Channel Evaluations. 

3.5 Estuary Channel Evaluations 

Estuary channel evaluations focused on analyzing potential impacts that 
occur in the Delta as a result of upstream changes to operations and 
facilities of the Sacramento-San Joaquin River flood management system.  
Flows from the riverine hydraulic models for the Sacramento and San 
Joaquin rivers were the inputs to the estuary channel hydraulic model to 
develop Delta flows and stages.  The USACE version of the Resource 
Management Associates, Inc. (RMA), Delta hydrodynamic model was used 
to simulate tidally influenced flow conditions in the Delta (RMA, 2005). 
Details of these technical evaluations are documented in Attachment 8D: 
Estuary Channel Evaluations. 

3.6 Levee Performance Curves 

Updated levee performance curves to reflect levee performance were 
developed for the entire SFPC levee system in the Sacramento and San 
Joaquin river basins using information generated by the DWR Urban and 
Non-Urban Levee Evaluations (ULE and NULE) Programs (URS 
Corporation, 2010; Kleinfelder, 2010). Performance curves for specific 
levee segments provided the relationship between river water surface 
elevation (or stage) and the probability that a levee segment would fail 
when exposed to that water surface elevation. For each levee segment, 
performance curves were developed for each failure mode: under-seepage, 
stability, through-seepage, and erosion. These independent performance 
curves were then mathematically combined to produce the cumulative or 
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overall performance curve for the segment or reach. These levee 
performance curves were inputs to the hydraulics and economic models to 
describe geotechnical probability of levee failure. Details of levee 
performance curve development are documented in Attachment 8E: Levee 
Performance Curves. 

3.7 Floodplain Hydraulic Analysis 

The riverine and estuary hydraulic analyses generated out-of-bank flows 
caused by overtopping or levee failures. These flows traveling out of 
stream channels and across the topography of the floodplain were used in 
the floodplain hydraulic modeling to delineate the floodplains and provide 
information on floodplain extent and depth for the various synthetic flood 
events. Floodplain information generated by the Fullerton, Lenzotti and 
O’Brien – Two Dimensional (FLO-2D) hydraulic models developed for the 
Comprehensive Study (USACE, 2002) was updated to reflect the change in 
system performance and levee conditions through developing revised flood 
depth grids. Details of the development and application of the floodplain 
information are documented in Attachment 8F: Flood Damage Analysis. 

3.8 Flood Damage Analysis 

Risk-based analysis of the economic consequences of flood inundation 
developed estimates of expected (long-term average) annual economic 
damages. These estimates included structure and content damages, crop 
damages in inundated agricultural lands, and business income and 
production losses. To describe the hydrologic, hydraulic, and geotechnical 
performance of the system and uncertainties, the flood damage analysis 
used levee performance curves, stage-frequency curves from riverine and 
estuary hydraulic models, and flood depth information from the floodplain 
hydraulic analysis.  To describe the economic consequences of flood 
inundation, the analysis used information from a 2010 reconnaissance-level 
structural inventory, 2010 spatial pattern of cropping, and contents-
structure ratios and depth-damage functions (USACE, 2008). The risk-
based analysis was conducted using the HEC Flood Damage Analysis 
(HEC-FDA) model, which computes the expected value of damage while 
explicitly accounting for uncertainties. Details of the economic evaluations 
are documented in Attachment 8F: Flood Damage Analysis. 
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3.9 Life Risk Analysis 

Risk-based analysis of the public safety consequences of flood inundation 
developed estimates of expected annual life risk in similar fashion to the 
flood damage analysis. The life safety analysis used HEC-FDA models 
developed for the economic damages analysis to generate annual expected 
life risk. For population exposure and inundation consequences, the 
analysis used 2000 U.S. Census population data, which was the best 
available information at the time the analysis was conducted, and mortality-
depth curves (Jonkman, 2007).  Details of the life risk evaluations are 
documented in Attachment 8G: Life Risk Analysis. 

3.10 Regional Economic Analysis 

Regional economic analysis evaluates the effects of changes in production 
or expenditures due to proposed flood management improvements on a 
region’s economy. It estimates direct, indirect, and induced employment 
and economic output effects related to changes in potential business 
income losses, and proposed construction expenditures to improve flood 
management facilities. The IMPLAN economic modeling tool was used for 
the regional economic analysis (Minnesota IMPLAN Group, 2009). This 
regional economic analysis was conducted only for the State Systemwide 
Investment Approach. Details of the regional economic evaluations are 
documented in Attachment 8H: Regional Economic Analysis for the State 
Systemwide Investment Approach. 

3.11 Cost Estimates 

Conceptual-level engineering and commensurate level of cost details were 
developed for the flood management elements included in the CVFPP 
preliminary approaches and the State Systemwide Investment Approach. 
These costs were not based on bid-ready engineering documents, but rather 
on conceptual designs and remedial actions extracted from multiple 
evaluation efforts. The cost estimates carry an appropriate level of 
contingency for a conceptual-level planning effort. Details of the cost 
estimate methodology are included in Attachment 8J: Cost Estimates. 
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4.0 Additional Supporting 
Evaluations 

Other evaluations not directly used in approach comparison were 
conducted to investigate potential opportunities for floodplain restoration, 
assess the effects of climate change on flood management, and identify 
potential opportunities to incorporate groundwater recharge into flood 
management activities. These studies are described in the following 
sections. 

4.1 Floodplain Restoration Opportunities 
Analysis 

To support the identification, development, and implementation of specific 
restoration actions, a Floodplain Restoration Opportunity Analysis was 
conducted. This analysis identified areas with greater and/or more 
extensive potential opportunities for ecological restoration of floodplains. 
These areas were identified through considering physical suitability, and 
opportunities and constraints related to existing land cover and land uses, 
locations and physical condition of levees, locations of other major 
infrastructure, conservation status of land, and locations that stakeholders 
are interested in restoring. 

To evaluate physical suitability, the concept of floodplain inundation 
potential (FIP) was applied in a geographic information system (GIS) 
analysis of corridors along the Sacramento and San Joaquin rivers and their 
major tributaries. To assess physical suitability for restoration actions, the 
FIP analysis adapted concepts from the HEC Ecosystem Functions Model 
(HEC-EFM) (USACE, 2009), the Frequently Activated Floodplain concept 
(Williams et al., 2009), and the Height Above River GIS tool (Dilts et al., 
2010). FIP analysis identified areas of floodplain, both directly connected 
to a river and disconnected from the river (e.g., behind natural or built 
levees or other flow obstructions) that could be inundated by particular 
floodplain flows. The flows evaluated by the analysis included a spring 
flow sustained for at least 7 days and occurring in 2 out of 3 years, and with 
2- and 10-year return flood flows. 

The identified areas with restoration potential were then prioritized based 
on location, acreage, and potential ecosystem functions and services. This 
analysis provides the foundation for subsequent planning efforts to develop 
specific restoration opportunities in conjunction with planned flood 
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management improvements. Floodplain restoration opportunities analysis is 
documented in the Supporting Documentation for the Conservation 
Framework. 

4.2 Climate Change Analysis 

The prediction of extreme events is one of the most challenging areas for 
climate change because of the high degree of uncertainties and the 
limitations of modeling tools and available information.  Traditional top-
down, risk-based assessments for flood management could not be properly 
applied because the scenarios from the International Panel on Climate 
Change do not present a statistical relationship to support the risk analysis 
(Dessai and Hulme, 2003). 

 As part of the ongoing development of the 2012 CVFPP, two topic work 
groups dealing with climate change developed, recommended, and 
described a unique threshold approach for analyzing climate change in the 
context of flood management.  The Threshold Analysis Approach is a 
bottom-up approach focusing on vulnerability and associated prudent 
investments, which aim at broadening the chance of adaptation regardless 
of which climate change scenarios may be realized, rather than focusing on 
maximizing the benefits from selected scenarios.  The thresholds or 
vulnerabilities can be assessed at system, regional, and community levels 
and the concepts are not limited to flood management applications.  For the 
2012 CVFPP, a pilot study was conducted using the draft Feather-Yuba 
coordinated operation model developed under the DWR Central Valley 
Hydrology Study (CVHS).  The vulnerability of dam flow release capacity 
and of downstream flow objectives was assessed in the context of a 
surrogate index of Atmospheric Rivers (Dettinger, 2011).  The results show 
promise for the proposed methodology, although much work and research 
are needed for a full application, which is expected for the 2017 CVFPP 
update.  Attachment 8K: Climate Change Analysis documents the climate 
change analysis conducted for the 2012 CVFPP. 

4.3 Groundwater Recharge Opportunities 
Analysis 

Groundwater recharge opportunities analysis identified potential 
opportunities for enhanced groundwater recharge in conjunction with flood 
management activities for the dual benefit of increased flood management 
flexibility and increased water supply reliability. Three broad categories of 
groundwater recharge were evaluated: recharge projects associated with 
reservoir reoperation, groundwater banking projects associated with 
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capturing unappropriated floodflows, and recharge associated with 
activities in the floodplain. This analysis is documented in Attachment 8L: 
Groundwater Recharge Opportunities Analysis. 
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5.0 Continued Tool Development for 
2017 CVFPP Update 

Currently, multidisciplinary efforts are ongoing to develop new data and 
tools for use beyond 2012.  While results of these efforts will not be 
available for use in the 2012 CVFPP, this next generation of information 
will be available to support more detailed technical analyses for the 2017 
CVFPP update.  Figure 5-1 highlights new information and tools that are 
being developed to support the 2017 CVFPP update, which are briefly 
described below: 

• Updated flood hydrology being developed in coordination with USACE 
through the DWR CVHS. 

• New reservoir operations models (HEC-ResSim) to simulate the 
operation of the major flood management reservoirs, under 
development through the DWR CVHS. 

• New riverine hydraulic models (HEC-RAS) to simulate flows in the 
Sacramento and San Joaquin river channels, under development 
through the Central Valley Flood Evaluation and Delineation (CVFED) 
Program. 

• Updated floodplain hydraulic models (FLO-2D) to estimate flood depth 
and extent, under development through the CVFED Program. 

• New information from ULE and NULE to inform understanding of the 
reliability of flood management features in the entire SPFC Planning 
Area. 
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Legend:
DWR California Department of Water Resources

HEC USACE Hydrologic Engineering Center

HEC-FDA HEC Flood Damage Analysis model

FLO-2D Fullerton, Lenzotti, and O’Brien – Two Dimensional model

HEC-RAS HEC River Analysis System model

HEC-ResSim HEC Reservoir Operations Simulation model

RMA RMA finite element model of Sacramento-San Joaquin Delta 
hydrodynamics

USACE U.S. Army Corps of Engineers

Indicates use of new technical tool or data to support 
the 2017 CVFPP update  

Figure 5-1.  New Technical Data and Tools Being Developed to 
Support 2017 CVFPP Update 
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7.0 Acronyms and Abbreviations 
Board ........................ Central Valley Flood Protection Board 

CVFED ...................... Central Valley Flood Evaluation and Delineation 
Program 

CVFPP ...................... Central Valley Flood Protection Plan 

CVHS ........................ Central Valley Hydrology Study  

Delta .......................... Sacramento-San Joaquin Delta 

DWR ......................... California Department of Water Resources 

FIP ............................ flood inundation potential 

FLO-2D ..................... Fullerton, Lenzotti, and O'Brien – Two Dimensional 

GIS ............................ Geographic Information System 

HEC .......................... Hydrologic Engineering Center 

HEC-5 ....................... Hydrologic Engineering Center 5 

HEC-EFM .................. HEC Ecosystem Functions Model 

HEC-FDA .................. HEC Flood Damage Analysis 

HEC-RAS .................. HEC River Analysis System 

HEC-ResSim ............. HEC Reservoir Simulation 

NULE ........................ Non-Urban Levee Evaluation 

RMA .......................... Resource Management Associates, Inc. 

SPFC ........................ State Plan of Flood Control 

State .......................... State of California 

ULE ........................... Urban Levee Evaluations 

UNET ........................ Unsteady Network 

USACE ...................... U.S. Army Corps of Engineers 
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1.0 Introduction 
This section states the purpose of this attachment, gives background 
information (including a description of planning areas, goals, and 
approaches), discusses assumptions and limitations to the data, and 
provides an overview of the hydrology report organization. 

1.1 Purpose of this Attachment 

As part of development of the 2012 Central Valley Flood Protection Plan 
(CVFPP), a series of technical analyses were conducted to evaluate 
hydrologic, hydraulic, geotechnical, economic, ecosystem, and related 
conditions within the Sacramento and San Joaquin river basins flood 
management system and to support formulation of system improvements. 

An important step in conducting these analyses was to establish existing 
(No Project) hydrologic conditions on a regional/generalized basis. 
Hydrologic conditions were input into hydrologic and hydraulic models, as 
described in subsequent attachments. 

The 2012 CVFPP used a subset of the hydrology developed for the 
Sacramento and San Joaquin River Basins Comprehensive Study 
(Comprehensive Study) (USACE and DWR, 2002a).  Hydrology from the 
Comprehensive Study is applicable for use in the 2012 CVFPP because no 
major flood has occurred in the Sacramento and San Joaquin river basins to 
modify the hydrology since development of the Comprehensive Study (the 
last major flood occurred 5 years before the study, in 1997).  While levee 
repairs and improvements have been made since the Comprehensive Study, 
channel and floodplain conditions in the Sacramento and San Joaquin river 
basins have not altered significantly. 

The 2012 CVFPP hydrology used six of the seven Comprehensive Study 
synthetic annual exceedence probability (AEP) storm events: 10, 4, 2, 1, 
0.5, and 0.2 percent. The 50 percent AEP storm was not used because the 
Sacramento and San Joaquin river basins’ flood management system was 
assumed to handle storms of at least this magnitude. 

To reduce the complexity of analysis for the CVFPP, 10 of the 23 flood 
runoff centerings (storm centerings) from the Comprehensive Study were 
used for the 2012 CVFPP hydrology to provide peak flows as input into the 
riverine hydraulic models (refer to Section 3 for more details). The 
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following five Sacramento River Basin storm centerings were used to 
develop hydrographs for use as inputs to the reservoir operations and 
riverine hydraulic models: 

 Shasta Lake to Ord Ferry (Shasta-centered) 

 Ord Ferry to Feather River (Ord Ferry-centered) 

 Yuba River near Marysville (Yuba-centered) 

 Sacramento River at the latitude of Sacramento (Sacramento-centered) 

 American River at Fair Oaks (American-centered). 

Five San Joaquin River Basin storm centerings were used as inputs to the 
reservoir operations and riverine hydraulic models, as follows: 

 San Joaquin River at Friant (Friant-centered) 

 San Joaquin River at the latitude of El Nido (El Nido-centered) 

 San Joaquin River at the latitude of Newman (Newman-centered) 

 San Joaquin River at the latitude of Vernalis (Vernalis-centered) 

 Merced River at Exchequer (Exchequer-centered) 

Figure 1-1 shows the locations of the 10 storm centerings used for the 2012 
CVFPP.  These locations were chosen because they are either on the 
mainstem of the rivers (i.e., produce large runoff on a basin-wide level) or 
are on major tributaries (i.e., generate extremely large floods on individual 
rivers). 

The following sections summarize Comprehensive Study Appendix B –
Synthetic Hydrology, which includes the assumptions, hydrologic analyses, 
and findings used to develop the Comprehensive Study hydrology (USACE 
and DWR, 2002b).  As stated above, portions of this hydrology were used 
as inputs for the 2012 CVFPP technical analyses. 
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Figure 1-1.  2012 Central Valley Flood Protection Plan Storm Centering Locations 
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1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the CVFPP, for adoption by the Central Valley Flood Protection 
Board (Board).  The 2012 CVFPP provides a systemwide approach to 
protecting lands currently protected from flooding by existing facilities of 
the State Plan of Flood Control (SPFC), and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta). 

1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-2): 

 SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

 Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 
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Figure 1-2.  Central Valley Flood Protection Plan Planning Areas 
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Hydrology development for the 2012 CVFPP extends beyond the 
Systemwide Planning Area and encompasses the Sacramento and San 
Joaquin river basins. 

1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

 Primary Goal – Improve Flood Risk Management 

 Supporting Goals: 

- Improve Operations and Maintenance 

- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 

The hydrology discussed in this attachment was used as the basis for the 
hydrologic and hydraulic modeling performed.  Results from the models 
subsequently enabled assessments of the relative potential of different 
actions to achieve these goals. 

1.5 2012 CVFPP Planning Approaches 

In addition to No Project, three fundamentally different approaches to 
flood management were initially compared to explore potential 
improvements in the Central Valley.  These approaches are not alternatives; 
rather, they bracket a range of potential actions and help explore trade-offs 
in costs, benefits, and other factors important in decision making.  The 
approaches are as follows: 

 Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

 Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 
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 Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 

Comparing these approaches helped identify the advantages and 
disadvantages of different combinations of management actions, and 
demonstrated opportunities to address the CVFPP goals to different 
degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 
developed that encompasses aspects of each of the approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements.  Figure 1-3 illustrates this plan 
formulation process. 

 
Figure 1-3.  Formulation Process for State Systemwide Investment Approach 

As described above, this attachment lays the foundations for numerous 
technical analyses preformed to support the 2012 CVFPP.  This attachment 
does not specifically relate to any of the approaches. 

1.6 Basic Assumptions and Limitations 

The 2002 Comprehensive Study includes a thorough hydrologic analysis of 
numerous floodplains and tributaries in the Sacramento and San Joaquin 
river basins.  The 2012 CVFPP includes the same basic assumptions and 
limitations discussed in the Comprehensive Study. 

The Comprehensive Study hydrology may or may not fulfill the technical 
requirements of site-specific investigations within the Sacramento and San 
Joaquin river basins. Before using the hydrology for any additional studies, 
the size and scope of each study, even at the prefeasibility level, will need 
to be evaluated to determine if the Comprehensive Study hydrology can be 
directly applied. In most cases, more detailed hydrology will need to be 
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performed.  Assumptions and limitations for the data and analyses used in 
the Comprehensive Study include the following: 

 Data are stationary. 

 Natural flow frequency curves are strictly rainflood frequency curves. 
Snowmelt runoff is not directly incorporated into the analysis. 

 Centering hydrographs are predicated on flood runoff, not precipitation. 
The approach was driven entirely by historical flow data; precipitation 
was not used in any portion of the methodology. 

 Storm runoff centerings were formulated based on the “Composite 
Floodplain” concept (refer to Section 3 for more details). 

 The unregulated frequency curves computed for the Comprehensive 
Study were created by following procedures outlined in Bulletin 17B 
(USGS, 1982). 

 Travel times and attenuation factors (Muskingum coefficients) are fixed 
for all simulated exceedence frequencies. 

 Mainstem unregulated flow frequency curves were designed to quantify 
the total flows that the basins produced in rain floods, not the average 
natural flows expected at mainstem locations during any of the 
synthetic exceedence frequency storm events. 

 Patterns for synthetic floods are formulated based on historical storms. 

1.7 Report Organization 

Organization of this document is as follows: 

 Section 1 introduces and describes the purpose of this report, provides 
background information, and discusses assumptions and limitations 
used in the study. 

 Section 2 briefly describes hydrology in the Sacramento and San 
Joaquin river basins. 

 Section 3 describes the methodology used in the hydrologic analyses. 

 Section 4 contains references for the sources cited in this document. 

 Section 5 lists acronyms and abbreviations used in this document. 
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2.0 Hydrology Description 
Hydrology used for the 2012 CVFPP encompasses the watersheds of the 
two major river systems in California’s Central Valley, the Sacramento 
River in the north and the San Joaquin River in the south. The watersheds 
of these river systems have a combined drainage area of more than 43,000 
square miles, an area nearly as large as the state of Florida. The watersheds 
of the Sacramento and San Joaquin rivers are shown in Figure 2-1. 

Because of its climate and geography, flooding is a frequent and natural 
event in the Sacramento and San Joaquin river basins. Historically, the 
Sacramento River Basin has been subject to floods that result from winter 
and spring rainfall as well as rainfall combined with snowmelt. The San 
Joaquin River Basin has been subject to floods that result from both rainfall 
that occurs during the late fall and winter months, and unseasonable and 
rapid melting of the winter snowpack during the spring and early summer 
months. 

Sacramento and San Joaquin river basins hydrologic conditions, such as 
topography, soils, vegetation, climate, temperature, precipitation, 
snowpack, and the flood management system, are briefly summarized 
below from Comprehensive Study Appendix B (USACE and DWR, 
2002b). 

2.1 Sacramento River Basin 

The Sacramento River Basin covers an area of 26,300 square miles (above 
Rio Vista) and is about 240 miles long and up to 150 miles wide.  It is 
bounded by the Sierra Nevada on the east, the Coast Ranges on the west, 
the Cascade and Trinity mountains on the north, and the Delta on the south. 
Major tributaries to the Sacramento River include the Feather and 
American rivers from the east; Cottonwood, Cache, and Putah creeks from 
the west; and numerous other smaller creeks flowing into the Sacramento 
River from both the east and west. 
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Figure 2-1.  Sacramento and San Joaquin River Basin Watershed Map 
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The following text provides an overview of the hydrologic conditions in the 
Sacramento River Basin: 

 Topography varies from flat valley areas and low rolling foothills to 
steep mountainous terrain (see Table 2-1 for elevation and slope data). 

 Soil cover is moderately deep. Classifications vary from sands, silts, 
and clays in the valley areas to porous volcanic areas in the northern 
end of the basin. In the American and Feather river basins, soils range 
from alluvial deposits in the valley areas to granitic rock in the upper 
elevations. 

 Vegetation in the higher elevations of the Sacramento River Basin is 
dominated by coniferous forest. The foothills and valley areas are 
dominated by an oak-brush-grassland environment. Extensive valley 
areas in the Sacramento River Basin are cultivated for agricultural 
purposes. 

 Climate is temperate and varies according to elevation. In the valley 
and foothill areas, summers are hot and dry and winters are cool and 
moist. 

 Average annual temperatures (degrees Fahrenheit (°F)) in the 
Sacramento River Basin range from the mid-60s in the valley areas to 
the low 50s at the higher elevations. Temperatures can range from 
nearly 120°F in the northern valley to below zero in the Sierra Nevada 
Range. 

 Normal annual precipitation amounts vary widely throughout the 
basin, ranging from the low teens in valley areas to 90 inches in some 
mountain areas. The Sierra Nevada and Coast Ranges have an 
orographic effect on precipitation. Precipitation increases with altitude, 
but basins on the east side of the Coast Ranges lie in a rain shadow and 
receive considerably less precipitation than do basins of similar altitude 
on the west side of the Sierra Nevada. 

 While convective rainfall in the Sierra Nevada can occur in the 
summer, precipitation is often in the form of snowpack at elevations 
over 5,000 feet above mean sea level (msl) in the Sacramento River 
Basin during winter and early spring months.  Elevations in the 
northern portion of the Sacramento River Basin reach nearly 14,000 
feet above msl in the headwaters of the Sacramento River. Lassen Peak, 
which exceeds 10,000 feet above msl in the Cascade Range, receives as 
much as 90 inches of annual precipitation, primarily as snow. 
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 The basic flood management system in the Sacramento River Basin 
consists of a series of levees and bypasses placed to protect specific 
areas and take advantage of the natural overflow basins. The flood 
management system includes levees along the Sacramento River south 
of Ord Ferry; levees along the lower portion of the Feather, Bear, and 
Yuba rivers; and levees along the American River. Additionally, the 
system benefits from three natural drainage basins: Butte, Sutter, and 
Yolo. These basins run parallel to the Sacramento River and receive 
excess flows from the Sacramento, Feather, and American rivers via 
natural overflow channels and over weirs. When the Sacramento River 
is high, the three basins form one continuous waterway. 

Table 2-1.  Sacramento River Watershed Topography 

Reach Elevation Range (feet 
above mean sea level1) Slope 

Sacramento River Basin 
above Shasta Dam 

1,000 feet to over 14,000 
feet Varies 

Sacramento River Basin 
below Shasta Dam and 
above Red Bluff  

280 feet to approximately 
10,000 feet 5 feet per mile 

Red Bluff to Ord Ferry Less than 100 feet to 10,000 
feet 1 foot per mile 

Ord Ferry to Fremont Weir Less than 100 feet to 3,000 
feet 0.9 feet per mile 

Below Fremont Weir 0 feet  to 10,000 feet 0.4 feet per mile 

Feather and American rivers Less than 50 feet to 10,000 
feet Varies 

Note: 
1  Mean sea level is at 0 feet. 

In addition to the leveed system, the flood management system uses 
reserved flood storage space in selected reservoirs on the Sacramento, 
Feather, and American rivers and some of their larger tributaries. These 
reservoirs help to reduce damaging rain flood peaks by holding back 
floodwaters and, ideally, releasing water into the rivers at a slower rate.  
Additional information on the flood management system in the Sacramento 
River basin can be found in the State Plan of Flood Control Descriptive 
Document (DWR, 2010). 
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2.2 San Joaquin River Basin 

The San Joaquin River Basin lies between the crests of the Sierra Nevada 
and Coast Ranges and extends from the northern boundary of the Tulare 
Lake Basin, near Fresno, to the Delta, near Stockton, as shown in Figure 2-
1. The basin has an area of about 13,500 square miles, as measured at 
Vernalis, extending about 120 miles from the northern to southern 
boundaries.  Major tributaries to the San Joaquin River include the Fresno, 
Chowchilla, Merced, Tuolumne, and Stanislaus rivers from the east, and 
numerous other smaller creeks flowing into the San Joaquin River from 
both the east and west. 

The following text briefly provides an overview of hydrologic conditions in 
the San Joaquin River Basin: 

 Topography varies in the San Joaquin River Basin. The Sierra Nevada 
Range has an average crest elevation of about 10,000 feet above msl 
with occasional peaks as high as 13,000 feet above msl.  Crest 
elevations of the Coast Ranges reach to about 5,000 feet above msl. 
The valley area measures about 100 miles by 50 miles and slopes 
gently from both sides toward a shallow trough somewhat west of the 
center of the valley. Valley floor elevations range from 250 feet above 
msl at the south to near sea level at the Delta. The trough forms the 
channel for the lower San Joaquin River and has an average slope of 
about 0.8 feet per mile between the Merced River and Paradise Cut in 
the Delta. 

 Soils in the valley basin bottoms are poorly drained and fine textured. 
Some areas are affected by salts and alkali and require reclamation 
before they are suitable for crops. Bordering and just above the basin 
are soils of the fans and floodplains. These soils are generally level, 
very deep, well drained, nonsaline and nonalkaline, and well suited to a 
wide variety of crops. The soils of the terraces bordering the outer 
edges of the valleys generally are of poorer quality with dense clay 
subsoils or hardpans at shallow depths. These soils generally support 
pasture and rangeland. 

 Vegetation types include cultivated crops and pasture grasses, and 
forbs, hardwood forests, chaparral mountain brush, and coniferous 
forests. The distribution of these vegetation types is primarily a 
function of elevation, with cultivated crops located almost entirely in 
valley floor areas, hardwood forests and chaparral brush located at mid-
elevations, and coniferous forests at the higher elevations. 
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 Climate is characterized by wet, cool winters; dry, hot summers; and 
somewhat wide variations in relative humidity. In the valley area, 
relative humidity is very low in summer and high in winter. At higher 
elevations, summers are warm and slightly moist and winters are cold 
and wet, with significant snow accumulations at higher elevations. 

 Temperatures vary considerably because of seasonal changes and the 
large range of elevation. Temperatures in the lower elevations are 
normally above freezing but range from slightly below freezing during 
the winter to highs of more than 100°F during the summer. At 
intermediate and high elevations, the temperature may remain below 
freezing for extended periods during the winter. 

 Normal annual precipitation in the basin varies from 6 inches on the 
valley floor near Mendota to about 70 inches at the headwaters of the 
San Joaquin River.  Most of the precipitation occurs during from 
November through April.  Precipitation is negligible during the summer 
months, particularly on the valley floor. Similar to the Sacramento 
River Basin, the Sierra Nevada and Coast Ranges have an orographic 
effect on precipitation in the San Joaquin River Basin.  Precipitation 
increases with altitude, but basins on the east side of the Coast Ranges 
lie in a rain shadow and receive considerably less precipitation than do 
basins of similar altitude on the west side of the Sierra Nevada. 

 Precipitation is often in the form of snowpack at elevations over 5,000 
feet above msl in the San Joaquin River Basin during winter and early 
spring months.  Ground surface elevations in southern portions of the 
San Joaquin River Basin reach nearly 14,000 feet above msl in the 
headwaters of the San Joaquin River.  These higher elevations relative 
to the northern Sierra Nevada mean that peak snowmelt lasts longer 
into the growing season in the San Joaquin River Basin. 

 The flood management system includes leveed sections along the San 
Joaquin River; levees along the lower portions of Ash and Berenda 
sloughs; Bear Creek; and the Fresno, Stanislaus, and Calaveras rivers.  
The Chowchilla Canal Bypass diverts excess San Joaquin River flow 
and sends it to the Eastside Bypass.  In addition to Chowchilla Canal 
Bypass flow, the Eastside Bypass intercepts flows from minor 
tributaries and rejoins the San Joaquin River between Fremont Ford and 
Bear Creek.  Channel capacity on the San Joaquin River decreases 
moving downstream until its confluence with the Merced River, where 
San Joaquin River channel capacity then begins to increase. The San 
Joaquin River levee and diversion systems are not designed to contain 
the objective release (maximum allowable flow downstream from a 
reservoir before the beginning of flooding) from each of the project 
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reservoirs simultaneously.  Flows in the San Joaquin River that are less 
than design flow for a given reach may still cause damage to levees in 
that reach. 

In addition to the leveed system, the flood management system uses 
reserved flood storage space in selected reservoirs on the San Joaquin, 
Fresno, Chowchilla, Merced, Tuolumne, and Stanislaus rivers and some of 
their larger tributaries. These reservoirs help to reduce damaging rain flood 
peaks or snowmelt by holding back floodwaters and, ideally, releasing 
water into the rivers at a slower rate.  Additional information on the flood 
management system in the San Joaquin River Basin can be found in the 
State Plan of Flood Control Descriptive Document (DWR, 2010). 

The San Joaquin River Basin also receives floodflows from the Tulare 
Lake Basin. The Kings River weirs divert floodflows north via the Kings 
River North, James Bypass, Fresno Slough, and Mendota Pool system into 
the San Joaquin River Basin. Flows greater than as specified in flood 
management operating policies are sent into the Tulare Lake Basin via 
Kings River South. 
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3.0 Hydrologic Analyses 
This section summarizes the methodology used during the Comprehensive 
Study to prepare flood runoff centerings and flood hydrographs that feed 
into reservoir system (hydrologic) and hydraulic models; those simulations 
culminated in delineation of floodplains and estimates of potential flooding 
damages. 

As described in Section 1, a subset of the methods and findings from the 
Comprehensive Study were used for the 2012 CVFPP.  For additional 
details regarding the Comprehensive Study hydrologic analysis, refer to 
Comprehensive Study Appendix B (USACE and DWR, 2002b). 

Synthetic 50, 10, 4, 2, 1, 0.5, and 0.2 percent AEP storms were developed 
for the Comprehensive Study.  The seven synthetic AEP storms provided a 
basis for defining existing conditions, analyzing alternatives, and plan 
formulation.  The Comprehensive Study hydrologic analysis, completed by 
the Water Management Section of the U.S. Army Corps of Engineers 
(USACE), included following: 

 Updated natural flow frequency curves were prepared for locations 
within the basins 

 Retrospective of historical floods that have impacted Central Valley 
rivers and synthetic flood runoff centerings were developed to represent 
flood events of a specific exceedence frequency 

 Seven synthetic exceedence frequency flood hydrographs were 
developed 

3.1 Composite Floodplain 

The Comprehensive Study hydrologic analysis used the “Composite 
Floodplain” concept, which recognizes that the floodplains generated 
through modeling of the seven synthetic exceedence frequency events were 
not created by a single flood event, but by a combination of several events, 
each of which shaped the floodplain at different locations.  This concept is 
illustrated in Figure 3-1 and further described in Hydraulic Technical 
Documentation of the Comprehensive Study (Comprehensive Study 
Appendix D) (USACE and DWR, 2002c).  Moving downstream in a 
watershed, a Composite Floodplain becomes increasingly complex. With 
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the confluence of each additional tributary, the number of possible 
scenarios of flow combinations that could shape the floodplain grows.  The 
role of tributaries in shaping floodplains individually and as a system is the 
foundation of the Composite Floodplain concept and a cornerstone of the 
Comprehensive Study’s hydrologic analysis.  The synthetic hydrology was 
developed so that the Composite Floodplain represents the maximum 
extent of inundation possible at all locations for any simulated synthetic 
exceedence frequency storm events. 

 
Source: USACE and DWR 2002b 

Figure 3-1.  Composite Floodplain Concept 

3.2 Study Approach 

The Comprehensive Study’s hydrologic analysis investigated three 
fundamental subjects during the formulation of synthetic flood events: 

1. Amount of runoff produced during each of the seven synthetic AEP 
storms. 

2. Contribution of individual tributaries to this total volume. 
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3. Translation of these flood volumes and distributions to hourly time 
series for input into a reservoir simulations model. 

3.3 Analysis 

Unregulated frequency curves were developed at key mainstem and 
tributary locations in both the Sacramento and San Joaquin river basins in 
the Comprehensive Study. Unregulated frequency curves plotted historical 
points and statistical distributions of unimpaired flows (no reservoir 
influence). Curves displayed volumes or average flow rates for different 
time durations over a range of AEPs. These curves were used to translate 
(1) hydrographs to frequencies (e.g., in 1997, the 3-day natural inflow to 
Friant Dam was roughly 50,000 cubic feet per second (cfs), which 
translates to a 1.54 percent AEP storm), and (2) frequencies to flood 
volumes (e.g., according to the curves, the 3-day natural inflow to Friant 
Dam associated with an annual 10 percent AEP storm is approximately 
20,000 cfs). After a curve was developed, runoff volume for any of the 
seven synthetic exceedence frequency flood events could be obtained from 
the plot for that curve’s specific location. 

3.3.1 Methodology for Deriving Unregulated Frequency 
Curves 

The unregulated frequency curves computed for the Comprehensive Study 
were created by following the procedures outlined in Bulletin 17B, 
Guidelines for Determining Flood Flow Frequency (USGS, 1982). This 
report directs federal agencies to use the procedures included therein for all 
“planning activities involving water and related land resources.” Bulletin 
17B requires the use of a Pearson Type III distribution with log 
transformation of the data (Log Pearson Type III distribution) as the 
method to analyze flood flow frequency. 

Development of the unregulated frequency curves for the tributaries 
required daily natural flow data for all target locations. (This development 
of data is shown in Attachment B.1 to Comprehensive Study Appendix B.)  
Most of the data were obtained from USACE archives, U.S. Geological 
Survey (USGS) publications, Central Valley, federal, and other water 
agencies (including the U.S. Department of the Interior, Bureau of 
Reclamation, Oroville-Wyandotte Irrigation District, South Sutter Water 
District, Placer County Water Association, Nevada Irrigation District, 
Surface Water Data Inc., Southern California Edison, Sacramento 
Metropolitan Utility District, and Pacific Gas and Electric Company).  Data 
from tributaries were routed to downstream locations for use in 
constructing mainstem “index” frequency curves. 
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Unregulated frequency curves for the Sacramento and San Joaquin river 
basins used for the Comprehensive Study are documented in Attachment 
B.2 to Comprehensive Study Appendix B.  These curves were derived from 
a statistical analysis of the recorded data after the data had been 
transformed to log values. The mean, standard deviation, and skew of the 
log-transformed data were computed for each stream gage or reservoir.  
The data were screened for high and low outliers and, if found, adjustments 
to the statistics were computed as outlined in Bulletin 17B.  In addition, the 
resulting statistics were reviewed and sometimes adjusted or smoothed to 
account for sampling error differences among the various durations, or after 
comparison with similar gages in a watershed or region.  Each frequency 
curve also plots historical flood events, given their estimated frequency.  
Determination of a historical event using a frequency plot is described in 
Comprehensive Study Appendix B (USACE and DWR, 2002b). 

Unregulated frequency curves were prepared for 8 mainstem locations and 
43 tributary locations (i.e., 51 curve sets), as shown in Attachment B.2 to 
Comprehensive Study Appendix B. An example of an unregulated 
frequency curve is shown in Figure 3-2.  In all cases, curves were 
developed or updated to reflect post-1997 hydrology.  For any location, the 
amount of runoff volume produced during simulation of any of the seven 
synthetic exceedence frequency flood events can be read from the family of 
best-fit curves or computed directly from the final statistical distribution of 
each duration.  For example, the 1 percent AEP (100-year) 30-day runoff 
volume for the San Joaquin River near Newman, shown in Figure 3-2, can 
be determined by reading the average flow of 46,000 cfs, multiplying by 
the number of seconds in 30 days, and dividing by 43,560 to get 2.7 million 
acre-feet. 

The approach formulated for the hydrologic analysis was driven entirely by 
historical flow data. Each year of record included the influence of 
snowmelt, infiltration, interception, precipitation distribution, timing of 
runoff, storm development characteristics, and physical basin attributes for 
that annual rain flood event. Historical flow data records provided a 
sufficient sample of flood events to characterize hypothetical flood 
volumes and tributary system relationships. 

No synthetic precipitation events were required in development of the 
Comprehensive Study hydrology; precipitation was not used in any portion 
of the methodology. 
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Source: USACE and DWR 2002b 

Figure 3-2.  Example Rain Flood Frequency Curves – San Joaquin 
River near Newman 
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3.3.2 Historical Flood Event Analysis 
The historical flood event analyses described in Comprehensive Study 
Appendix B were based on natural flow data analysis, which resulted in the 
compilation of the 51 curve sets (8 mainstem and 43 tributary) that 
quantified flood volumes at discrete locations within the Sacramento and 
San Joaquin river basins.  At mainstem locations, total volumes reflected 
the combined flows of upstream tributaries.  To perform simulations with 
reservoir and hydraulic models, this total volume needed to be redistributed 
into the system of tributaries through a flood pattern. 

In nature, storms trigger high flows on large-scale river systems and 
isolated tributaries as a function of storm structure, air temperature, water 
content, storm path, orographic influence, basin alignment, and many other 
geophysical and meteorological variables.  Ultimately, all storms are 
unique, but certain dynamics are common to a variety of storm types, 
especially those that trigger productive (in terms of volume) events in the 
Sacramento and San Joaquin river basins.  Development of patterns is 
possible through a number of methods, including random generation, use of 
a singular historical event, and uniform or ramped concurrencies. The most 
realistic patterns for synthetic floods are formulated based on historical 
storms. A detailed analysis of several events was undertaken to identify 
flood trends and distributions that could be incorporated into generalized 
patterns. 

3.3.3 Retrospective of Historical Flood Events 
Nineteen historic flood events were analyzed for the Comprehensive Study.  
These events were chosen based on the natural 3-day rain flood volumes 
produced at Sacramento and San Joaquin river basins flood management 
reservoirs. On a project-by-project basis, any event that was both the 
largest 3-day natural flow experienced during that water year and one of 
the five largest 3-day natural flows in the gage history of that project was 
selected for analysis. Although this selection process focused on tributary 
events, often the same year was selected for multiple projects. This was 
especially true for the largest flood years on record (i.e., 1956, 1986, and 
1997). Therefore, the 19 storms represented a mixed population of storms 
that focused on individual tributaries as well as storms that had a powerful 
systemwide effect. 

For each year, a time window was set that contained both the tributary 
event, which had been selected for inclusion that year, and that provided 
additional time to allow the storm pattern to complete its influence 
throughout the basin. Duration flows (1-, 3-, 7-, 15-, and 30-day average 
flows) within this event window were analyzed for all several mainstem 
locations and significant tributaries. These flows were translated into 
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annual percent chance exceedence values based on the unregulated flow 
and index frequency curves developed for mainstem and tributary locations 
during the natural flow analysis. 

By comparing AEPs instead of flow rates, the distribution of storm patterns 
is normalized spatially. Percent chance exceedences provide a consistent 
measure of intensity from basin to basin, while flow rates, as a function of 
drainage area, alignment, and other factors, are tributary-specific. 
Investigating chance exceedences clarifies patterns regarding how 
individual storm systems impact a system of tributaries. Considering 
multiple storm events highlights trends linking tributary responses and 
orographic influence in rare events that form the basis for, and can be 
incorporated into, the development of generalized storm patterns. 

3.3.4 Flood Matrix 
All AEP storms, locations of interest, flood durations, and year of event 
were tabulated into Sacramento River Basin and San Joaquin River Basin 
storm matrices, referred to jointly as the “Matrix,” as shown in 
Comprehensive Study Appendix B, Attachment B. 3.  The Matrix, a 
valuable product of the Comprehensive Study, includes the 19 historical 
flood events analyzed for comparison of runoff for all major tributaries in a 
complex hydrologic system.  The matrices are presented upstream to 
downstream, allowing storm and tributary dynamics to be reviewed in 
diverse permutations of flood durations, storm combinations, and tributary 
sets. 

The Comprehensive Study matrix investigations pointed to several trends 
that were eventually incorporated into the synthetic flood runoff centering, 
such as the presence of spatial trends and storm “bull’s eyes” within 
individual storm events.  Bull’s eyes were created as historical storms 
impacted certain spatial areas with greater intensity than surrounding areas.  
Nearly all events in the Matrix displayed some sort of spatial trend or bias 
toward a specific area. 

Mainstem locations below these bull’s eyes experienced greater 
exceedence frequencies because at those locations the intensity of flooding 
was a function of all upstream tributaries, not just those that were 
especially intense. In this sense, the mainstem acted as a buffer that 
absorbed and moderated localized extremes. 

A key finding was that orographic effects were most pronounced in the 
rarest, least frequently occurring events.  Orographic effects in the 
Sacramento River Basin were definitely visible, but not as well defined as 
those in the San Joaquin River Basin.  It is likely that the more pronounced 
orographic influence in the southern Central Valley is related to the average 
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ridge crest elevation along the Sierra Nevada, which is generally lower in 
the Sacramento River Basin than in the San Joaquin River and Tulare Lake 
basins; however, this remains uncertain. 

The Matrix also showed that natural dynamics are highly variable.  Storm 
cells nested within a larger storm structure are powerful and can trigger 
individual tributary flooding.  Even with supporting evidence for 
orographic influence, there are Matrix examples of floods that demonstrate 
a consistently opposite bias; in the San Joaquin River Basin during the 
March 1995 floods and in the Sacramento River Basin during the 1983 
floods, annual percent chance exceedences for foothill tributaries were 
lower than for neighboring higher basins. 

3.4 Synthetic Flood Runoff Centering 

The Comprehensive Study’s guidelines for flood runoff centering were 
formulated using the trends identified in the historical storm analysis and 
the Composite Floodplain concept.  A flood runoff centering is defined 
simply as a set of synthetic exceedence frequencies assigned to a mainstem 
and/or set of tributaries. As described in Comprehensive Study, Appendix 
B, centerings were developed separately for the Sacramento and San 
Joaquin river basins; each tributary was included in all centerings within its 
basin. 

Two basic types of flood runoff centerings were analyzed. The first type 
consists of basin-wide flood events (mainstem centerings), which are 
significant on a regional basis and produce large runoff volumes 
throughout the system. The second type is tributary-specific floods 
(tributary centerings), which generate extremely large floods in individual 
rivers, but are not widespread enough to produce the runoff volumes 
typical of basin-wide events. 

3.4.1 Mainstem Flood Runoff Centering 
Mainstem centerings were designed to stress widespread areas. Index 
frequency curves were prepared for the mainstem centerings. These curves 
provide the hypothetical volumes that a basin will produce during 
simulations of each of the seven synthetic exceedence frequency flood 
events. The role of the mainstem centerings was to distribute these volumes 
back into a basin, tributary by tributary, in accordance with patterns visible 
in historical flood events. Once the volume was distributed, it was 
translated into hydrographs and routed through reservoir simulation models 
to produce the seven synthetic exceedence frequency regulated 
hydrographs needed to construct floodplains throughout the Sacramento 
and San Joaquin river basins.  Table 3-1 gives an example of a mainstem 
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flood runoff centering and shows the coincident AEP for flows at various 
locations. 

Table 3-1.  Example Mainstem Flood Runoff Centering – Sacramento 
River at Latitude of Ord Ferry 

Storm Centering 
Flood Event (percent AEP) 

50% 10% 4% 2% 1% 0.50% 0.20% 
Sacramento River at Shasta 81.97 16.92 5.71 2.41 1.25 0.65 0.28 
Clear Creek at Whiskeytown 61.73 15.04 9.03 5.61 2.92 1.52 0.65 
Cow Creek near Millville 61.73 13.53 8.02 3.89 2.02 1.05 0.45 
Cottonwood Creek near 
Cottonwood 61.73 15.04 9.03 5.61 2.92 1.52 0.65 

Battle Creek Below Coleman 
Fish Hatchery 61.73 13.53 8.02 3.89 2.02 1.05 0.45 

Mill Creek near Los Molinos 87.72 15.04 7.22 5.94 3.10 1.61 0.69 
Elder Creek near Paskenta 87.72 19.34 12.50 10.10 5.26 2.74 1.17 
Thomes Creek at Paskenta 87.72 19.34 12.50 10.10 5.26 2.74 1.17 
Deer Creek near Vina 87.72 15.04 7.22 5.94 3.10 1.61 0.69 
Big Chico Creek near Chico 87.72 15.04 7.22 5.94 3.10 1.61 0.69 
Stony Creek at Black Butte 87.72 19.34 12.50 10.10 5.26 2.74 1.17 
Butte Creek near Chico 87.72 15.04 10.20 8.42 4.39 2.28 0.97 
Feather River at Oroville 87.72 19.34 9.62 8.42 4.39 2.28 0.97 
Yuba River at New Bullards Bar 87.72 19.34 11.76 9.18 4.78 2.49 1.06 
Yuba River at Englebright 87.72 19.34 11.76 9.18 4.78 2.49 1.06 
Deer Creek near Smartsville 87.72 19.34 11.76 9.18 4.78 2.49 1.06 
Bear River near Wheatland 87.72 19.34 12.03 10.10 5.26 2.74 1.17 
Cache Creek at Clear Lake 87.72 19.34 18.05 12.63 6.58 3.42 1.46 
North Fork Cache Creek at 
Indian Valley 87.72 19.34 18.05 12.63 6.58 3.42 1.46 

American River at Folsom 87.72 19.34 14.29 12.63 6.58 3.42 1.46 
Putah Creek at Berryessa 87.72 19.34 18.05 12.63 6.58 3.42 1.46 
Source: USACE and DWR 2002b 
Note: 
The values listed for each index point and flood event represent the percent chance of occurrence in any year.  For 
example, during a 10 percent AEP storm centered at Ord Ferry, concurrent flows would be experienced on Mill Creek 
that correspond to about a 15 percent AEP storm at Mill Creek near Los Molinos (bold). 
Key: 
AEP = annual exceedence probability 

Mainstem centerings reflect a generalized flood pattern based on a number 
of historical events. Through incorporation of multiple floods into one 
characteristic pattern, relationships between tributaries become more stable 
and the influence of powerful, but isolated, storm cells is downplayed. 

Characteristic patterns were developed for each mainstem location. When 
available, historical events that showed flood bull’s-eyes in the watershed 
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above the mainstem location of interest were used to formulate synthetic 
patterns. The orographic effects noted in the Matrix analysis were also 
incorporated, especially for the largest, less frequently occurring synthetic 
exceedence frequency events. 

To develop patterns consistently, guidelines for mainstem pattern 
construction were formulated and are presented in Table 7 of 
Comprehensive Study Appendix B.  After an initial pattern was formulated 
in the Comprehensive Study, hydrographs were constructed at tributary 
locations (in accordance with the pattern) and routed back to the mainstem 
location with the same procedure used during construction of the index 
frequencies, as shown in Attachment B.4 of the Comprehensive Study. 
Duration maxima (1-, 3-, 7-, 15-, and 30-day) were computed for the 
mainstem hydrograph and compared with average flows from the index 
curve. The initial pattern was then increased or decreased by a fixed 
percentage and the comparison process was repeated. This iterative 
procedure continued until the final centering produced flood volumes at the 
mainstem location that were roughly equal to the hypothetical volumes 
specified by the index curves. 

3.4.2 Tributary Flood Runoff Centering 
Tributary centerings were designed to stress individual tributary systems. 
Whereas the mainstem centerings were formulated as spatially distributed 
events that were productive on a systemwide basis, tributary centerings 
were designed to simulate extreme floods on individual rivers generated by 
storm systems that were not widespread enough to produce runoff volumes 
typical of basin-wide events. In this sense, tributary centerings seek to 
reflect the powerful and isolated storm cells intentionally downplayed by 
the mainstem centerings.  Development of tributary centering is further 
described in Comprehensive Study Appendix B (USACE and DWR, 
2002b). 

Once a tributary centering was prepared, it was deemed complete pending a 
test that translated centerings to hydrographs and routed tributary flows to 
the nearest downstream index curve location.  Duration maxima (1-, 3-, 7-, 
15-, and 30-day) were then computed for each of the resultant seven 
synthetic exceedence frequency natural flow hydrographs and compared 
with average flows from the corresponding index frequency curves. For 
each tributary centering, it was confirmed that the flows experienced at the 
mainstem points were lower than those generated by the corresponding 
mainstem centering. This affirmed that the floodplains in mainstem 
locations were more likely to be shaped by the widespread floods simulated 
with mainstem centerings. 
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3.4.3 Development of Seven Synthetic AEP Storm 
Natural Flow Hydrographs 

Storm frequencies, described above, needed to be translated to hourly flood 
flow hydrographs for use in reservoir simulations and hydraulic modeling. 
The Comprehensive Study’s translation process involved three steps: 

1. Obtaining average floodflow rates from unregulated tributary frequency 
curves. 

2. Separating these average flows into wave volumes. 

3. Combining and distributing volumes into a six-wave series of 5-day 
waves covering a 30-day flood period. 

This process was performed only at tributary locations; mainstem flood 
hydrographs always resulted from the routed contributions of upstream 
tributaries.  The process is illustrated in Figure 3-3 and Plate 4 in 
Comprehensive Study Appendix B (USACE and DWR, 2002b). 

Values from the unregulated frequency curves represented the average flow 
anticipated over a specific time interval.  For instance, the 5-day value was 
the average flow expected during the highest 5 days of flooding during any 
of the seven synthetic exceedence events.  Likewise, the 10-day value was 
the average over the highest 10 days of flooding, etc.  Although not always 
the case, it was typical for the highest 5-day period to be part of the highest 
10-day period as well as part of the highest 15-day, 20-day, and other 
periods. 

Flood volumes were computed by multiplying average flows by their 
respective durations. These values represented the total volumes of water 
anticipated during the highest 5, 10, 15, 20, 25, or 30 days of flows. The 
volumes were portioned into time segments by subtracting volumes of the 
shorter durations from the next longer duration (i.e., 5-day volume is 
subtracted from 10-day volume to calculate the volume produced between 
the extents of the 5-day and 10-day periods.  This procedure was repeated 
for the 10-, 15-, 20-, 25-, and 30-day durations and resulted in a set of 
seven synthetic exceedence frequency flood volumes produced by a 
tributary.  These seven volumes were treated as wave volumes in a series of 
six 5-day waves. 

In the Comprehensive Study, the basic pattern of all synthetic flood 
hydrographs was a 30-day hourly time series consisting of six waves, each 
5 days in duration. Volumes were ranked and distributed into a basic 
pattern. The highest wave volume was always distributed into the fourth, or 
main, wave. The second and third highest volumes preceded and followed  
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Source: USACE and DWR 2002b 

Figure 3-3.  Example Synthetic Flood Hydrograph Construction 
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the main wave, respectively. The fourth highest volume was distributed 
into the second wave and the fifth highest was distributed into the final of 
the six waves. The sixth and smallest wave volume was distributed into the 
first wave of the series. The shape of each wave was identical and the 
magnitude was determined by the total volume that the wave needed to 
convey.  Figure 3-4 is an example of a synthetic flood hydrograph for 
inflow into Oroville. 

The distribution of tributary flood volumes into 5-day wave patterns was 
automated using the same spreadsheet that translated frequencies to 
average flows.  Hydrographs were automatically computed and copied into 
text files for direct entry into the USACE Hydrologic Engineering Center’s 
data storage system used to hold input data for the reservoir operations and 
hydraulic models. 

 
Source: USACE and DWR 2002b 

Figure 3-4.  Example Synthetic Flood Hydrograph – 1 Percent AEP 
Inflow to Oroville 
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5.0 Acronyms and Abbreviations 
F ............................... degrees Fahrenheit 

AEP ........................... annual exceedence probability 

Board ......................... Central Valley Flood Protection Board 

cfs .............................. cubic feet per second 

Comprehensive Study 2002 Sacramento and San Joaquin River 
Basins Comprehensive Study 

Comprehensive Study Appendix B Appendix B, Synthetic Hydrology 
Technical Documentation, the 2002 Sacramento 
and San Joaquin River Basins Comprehensive 
Study 

Comprehensive Study Appendix D Hydraulic Technical Documentation 
of the Comprehensive Study 

CVFPP ...................... Central Valley Flood Protection Plan 

Delta .......................... Sacramento-San Joaquin Delta 

DWR .......................... California Department of Water Resources 

msl ............................. mean sea level 

SPFC ......................... State Plan of Flood Control 

State .......................... State of California 

USACE ...................... U.S. Army Corps of Engineers 

USGS ........................ U.S. Geological Survey 
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1.0 Introduction 

This section provides the purpose of this attachment, background 

information (including planning areas, goals, and approaches), an overview 

of flood management in the Central Valley, past and ongoing reservoir 

operations studies, and report organization. 

1.1 Purpose of this Attachment 

As part of preparation of the Central Valley Flood Protection Plan 

(CVFPP), potential management actions were developed for flood 

management in the Central Valley; these management actions were 

evaluated and combined into various approaches.  One of the management 

actions considered for the 2012 CVFPP was to increase flood management 

flexibility in major multipurpose reservoirs in the Sacramento and San 

Joaquin river basins.  This flexibility could be accomplished through a 

variety of methods such as changes to reservoir operational criteria, 

construction of new reservoirs, or physical modifications to existing 

reservoirs.  For the 2012 CVFPP, only changes in reservoir operational 

criteria (i.e., flood storage allocation and objective release) were considered 

to provide downstream flood management benefits for this reconnaissance-

level analysis. 

Because the potential to realize flood management benefits from changing 

reservoir operational criteria was uncertain, the 2012 CVFPP Reservoir 

Analysis was performed to first determine if there was any opportunity 

associated with operational criteria changes. The objective of the analysis 

described in this attachment was to demonstrate whether there is any 

potential improvement in systemwide flood management (e.g., lower 

downstream peak flood stage) from changes to reservoir operational 

criteria.  Results from this analysis provide insight for more detailed and 

coordinated studies to explore operational criteria changes.   

Implementing reservoir operational criteria changes for real-world 

operations is complicated and has wide-spread implications. Because most 

of the flood management reservoirs in the Central Valley are operated for 

multiple purposes, changing operational criteria for flood management 

benefits may have unintended effects on other reservoir purposes (e.g., 

water supply, hydropower).  In addition, changes to the operational criteria 

of an individual reservoir can affect how other reservoirs operate.  The 

complicated and interconnected nature of these flood management 
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reservoirs makes it imperative that willing reservoir owners and operators, 

and the U.S. Army Corps of Engineers (USACE), who have jurisdiction 

over reservoir flood operations, coordinate.  Any changes would also 

require coordination among ongoing reservoir studies such as the 

California Department of Water Resources’ (DWR) existing Forecast-

Coordinated Operations (F-CO) Program, planned Forecast-Based 

Operations (F-BO) Program, and ongoing System Reoperation Program. In 

addition, to implement such changes would require a detailed project-level 

feasibility study to evaluate effects on other reservoir purposes, followed 

by significant administrative actions. 

Therefore, because of the preliminary and exploratory nature of the 2012 

CVFPP Reservoir Analysis, it is an initial assessment of potential reservoir-

related opportunities to support the 2012 CVFPP development. This 

analysis does not propose any specific changes to current reservoirs 

operations be made or suggest that these changes are the only options for 

modifying operational criteria. The 2012 CVFPP Reservoir Analysis is a 

preliminary analysis of opportunities and effects with a systemwide 

perspective, and future studies are needed to more thoroughly consider 

other potential effects (e.g., water supply, environmental, hydropower) and 

the feasibility of modifying operational criteria at individual reservoirs. 

For modeling purposes, this preliminary analysis considered a few potential 

scenarios to improve systemwide flood management flexibility, which were 

included in the Enhance Flood System Capacity Approach for the 2012 

CVFPP (see Section 1.5, below).  Reservoir operational criteria changes 

were ultimately not moved forward into the State Systemwide Investment 

Approach because of: (1) the preliminary nature of this analysis; (2) 

uncertainty associated with the potential effects of reservoir operational 

criteria changes; and (3) the need to coordinate with operators and owners 

on more detailed, reservoir-specific analyses. An exception is the already 

authorized operational changes associated with the Folsom Dam Raise, 

which are included in both the No Project condition and State Systemwide 

Investment Approach.  

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 

Protection Act of 2008, the DWR has prepared a sustainable, integrated 

flood management plan called the CVFPP, for adoption by the Central 

Valley Flood Protection Board (Board).  The 2012 CVFPP provides a 

systemwide approach to protecting lands currently protected from flooding 

by existing facilities of the State Plan of Flood Control (SPFC), and will be 

updated every 5 years. 



1.0 Introduction 

January 2012 1-3 
Public Draft 

As part of development of the CVFPP, a series of technical analyses were 

conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 

ecosystem, and related conditions within the flood management system and 

to support formulation of system improvements.  These analyses were 

conducted in the Sacramento River Basin, San Joaquin River Basin, and 

Sacramento-San Joaquin Delta (Delta). 

1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 

direction, two geographical planning areas were important for CVFPP 

development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 

receiving flood protection from facilities of the SPFC (see State 

Plan of Flood Control Descriptive Document (DWR, 2010b)).  The 

State of California’s (State) flood management responsibility is 

limited to this area. 

• Systemwide Planning Area – This area includes the lands that are 

subject to flooding under the current facilities and operation of the 

Sacramento-San Joaquin River Flood Management System 

(California Water Code Section 9611).  The SPFC Planning Area is 

completely contained within the Systemwide Planning Area which 

includes the Sacramento River Basin, San Joaquin River Basin, and 

Delta regions. 

Planning and development for the CVFPP occurs differently in these 

planning areas.  The CVFPP focused on SPFC facilities; therefore, 

evaluations and analyses were conducted at a greater level of detail within 

the SPFC Planning Area than in the Systemwide Planning Area. 

The 2012 CVFPP Reservoir Analysis focused on major multipurpose 

reservoirs located within the Systemwide Planning Area.  Because this 

analysis built on the approach, models, and data developed for the 

Comprehensive Study (USACE, 2002a), the Delta and Mokelumne, 

Cosumnes, and Calaveras rivers and small streams that enter the Delta were 

not part of the planning area for the 2012 CVFPP Reservoir Analysis, 

because they were not a primary focus of the Comprehensive Study.  While 

this analysis did not specifically quantify flood management benefits solely 

within the SPFC Planning Area, the scenarios were compared using 

locations that were generally within the SPFC Planning Area. 
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Figure 1-1.  Central Valley Flood Protection Planning Areas 
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1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 

address identified flood-management-related problems and opportunities, a 

primary and four supporting goals were developed: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals: 

- Improve Operations and Maintenance 

- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 

The goal of the 2012 CVFPP Reservoir Analysis was to explore the 

potential to improve flood risk management on a systemwide level by 

changing reservoir operational criteria to improve operational coordination 

among the reservoirs, thereby lowering downstream peak water levels. 

1.5 2012 CVFPP Planning Approaches 

In addition to the No Project approach, three fundamentally different 

approaches to flood management were initially compared to explore 

potential improvements in the Central Valley.  These approaches are not 

alternatives; rather, they bracket a range of potential actions and help 

explore trade-offs in costs, benefits, and other factors important in decision 

making.  The approaches are as follows: 

• Achieve SPFC Design Flow Capacity – Address capacity 

inadequacies and other adverse conditions associated with existing 

SPFC facilities, without making major changes to the footprint or 

operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety 

for populations at highest risk, including urban areas and small 

communities. 

• Enhance Flood System Capacity – Seek various opportunities to 

achieve multiple benefits through enhancing flood system storage 

and conveyance capacity. 
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Comparing these approaches helped identify the advantages and 

disadvantages of different combinations of management actions, and 

demonstrated opportunities to address the CVFPP goals to different 

degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 

developed that encompasses aspects of each of the approaches to balance 

achievement of the goals from a systemwide perspective, and includes 

integrated conservation elements.  Figure 1-2 illustrates this plan 

formulation process. 

The 2012 CVFPP Reservoir Analysis used the No Project condition as a 

baseline for reservoir operational criteria.  The scenarios considered in this 

analysis were included as elements of the Enhance Flood System Capacity 

Approach, but were ultimately not moved forward into the State 

Systemwide Investment Approach because detailed studies and extensive 

coordination are needed. The only reservoir operational criteria change 

included in the State Systemwide Investment Approach is the authorized 

Folsom Dam JFP. 

 
Figure 1-2.  Formulation Process for State Systemwide Investment Approach 

1.6 Overview of Flood Management in the Central 
Valley 

The Central Valley of California encompasses watersheds of its two major 

river systems, the Sacramento River in the north and the San Joaquin River 

in the south.  These basins drain more than 43,000 square miles, and the 

rivers come together in the Delta and discharge to the Pacific Ocean 

through San Francisco Bay. 
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Because of the climate and geography of the Central Valley, flooding is a 

frequent and natural event.  Major flooding on the Sacramento and San 

Joaquin river systems has been documented since the mid-1800s, and has 

resulted in the loss of lives and massive property damage.  This has 

prompted various planning efforts by State, federal and local entities over 

the last century and resulted in structural (i.e., construction of physical 

structures such as dams and reservoirs) and nonstructural (i.e., regulation of 

floodplain development) efforts.  Development of multipurpose reservoirs 

began in 1932 with authorization of the Central Valley Project (CVP).  

Multipurpose reservoirs are operated to meet various objectives, such as 

flood management, water supply, and environmental requirements.  The 

last major flood management facility to be completed was New Melones 

Reservoir in 1979.  Despite improvements to flood management in the 

Central Valley, damages from flooding have continued, leading to the 

perceived need for further actions. 

Major multipurpose reservoirs in the Sacramento and San Joaquin river 

basins considered for this analysis are listed in Table 1-1.  Note that 

multipurpose reservoirs located on the eastside tributaries (e.g., Camanche 

Reservoir) are not included in this table or analysis because hydrologic 

routing tools are not yet available for those tributaries that enter the San 

Joaquin River within the boundaries of the Delta.  More details on 

assumptions about reservoirs analyzed are contained in Section 3 of this 

report.  Figure 1-3 is a schematic illustrating the location of the major 

multipurpose reservoirs considered for this analysis (highlighted in 

magenta) in relationship to the overall system.  The figure shows the size, 

ownership, and flood management classification for every reservoir in the 

Sacramento and San Joaquin river basins. 
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Table 1-1.  Major Multipurpose Reservoirs in Sacramento and San Joaquin River Basins 
Considered in this Analysis 

Reservoir River 

Gross 
Pool 

Storage 
(TAF)

1
 

Maximum 
Flood 
Space 
(TAF)

1
 

Owner 
Year 

Completed 

Sacramento River Basin 

Shasta Dam and Shasta Lake Sacramento River 4,552 1,300 Reclamation 1949 

Oroville Dam and Lake Oroville Feather River 3,538 750 DWR 1968 

New Bullards Bar Dam and Reservoir Yuba River 966 170 YCWA 1970 

Folsom Dam and Lake American River 977 670 Reclamation 1956 

San Joaquin River Basin 

Friant Dam and Millerton Lake San Joaquin River 521 170
2
 Reclamation 1949 

Buchanan Dam and H.V. Eastman Lake Chowchilla River 150 45 USACE 1975 

New Exchequer Dam and Lake McClure Merced River 1,025 350
2
 Merced ID 1967 

New Don Pedro Dam and Lake Tuolumne River 2,030 340 TID/MID 1970 

New Melones Dam and Lake Stanislaus River 2,420 450 Reclamation 1979 

Source: adapted from USACE, 1999 

Notes: 
1
  Storage and flood management space values are rounded to the nearest 1,000 acre-feet. 

2
  Maximum flood management space may vary depending on upstream storage and/or snowpack. 

Key: 
DWR = California Department of Water Resources 
Merced ID = Merced Irrigation District 
MID = Modesto Irrigation District 
Reclamation = U.S. Department of the Interior, Bureau of Reclamation 
TAF = thousand acre-feet 
TID = Turlock irrigation District 
USACE = U.S. Army Corps of Engineers 
YCWA = Yuba County Water Agency 
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Figure 1-3.  Sacramento and San Joaquin River Systems Schematic 



2012 Central Valley Flood Protection Plan 
Attachment 8B: Reservoir Analysis 

1-10 January 2012 
 Public Draft 

1.7 Past and Ongoing Central Valley Flood 
Reservoir Studies 

Numerous investigations regarding flood management reservoirs in the 

Central Valley have been completed or are ongoing.  Most of these flood 

management reservoirs operate for multiple purposes and changes to any 

aspect of the reservoir often directly or indirectly affect its flood 

management operations even though the change may focus on one of the 

reservoir’s other purposes (e.g., water supply, hydropower).  In addition, 

changes to the operational criteria of an individual reservoir can affect how 

other reservoirs operate.  The complicated and interconnected nature of 

these flood management reservoirs makes the coordination between studies 

imperative.  This section highlights a few of the major studies that State 

and federal governments are participating in that may affect flood 

management operations and were considered in the 2012 CVFPP Reservoir 

Analysis.  

1.7.1 2002 Sacramento and San Joaquin River Basins 
Comprehensive Study 

The Comprehensive Study was a joint effort by the Reclamation Board of 

California (the predecessor of the Board) and USACE, in coordination with 

State, federal, and local organizations to develop a comprehensive plan for 

flood damage reduction and ecosystem restoration along the Sacramento 

and San Joaquin rivers following disastrous floods in January 1997.  The 

Reclamation Board and USACE began working together in 1998 to prepare 

a comprehensive plan for the combined watersheds of the Sacramento and 

San Joaquin river basins (USACE, 2002a). 

One of the major undertakings of the Comprehensive Study was to develop 

analytical tools to evaluate how changes to the system would affect the 

performance of the system as a whole with respect to reducing flood 

damages, protecting public safety, and restoring degraded ecosystems.  The 

following are examples of computer modeling tools developed under the 

Comprehensive Study (USACE, 2002b): 

• Synthetic hydrology 

• HEC-5 reservoir operations models 

• UNET hydraulic models 

• FLO-2D hydraulic models 

• HEC-FDA economic models 

These computer modeling tools have the capability to evaluate how broad 

changes to the system affect its overall performance and to potentially 

redirect impacts to other parts of the system.  Further refinement of these 
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models could support future planning for regional changes to the flood 

management system.  Reservoir modeling is documented in Technical 

Studies Documentation Appendix C of the Comprehensive Study (USACE, 

2002d). 

The tools and methodology developed for the Comprehensive Study were 

used as a basis for this analysis with updates, as necessary (see Section 3). 

While new tools and hydrology are being developed by DWR, they were 

not available for use in the 2012 CVFPP Reservoir Analysis.  

The Comprehensive Study synthetic hydrology and hydraulic models were 

also used for the 2012 CVFPP.  Refer to Attachment 8A: Hydrology and 

Attachment 8C: Riverine Channel Evaluations, respectively, for more 

details.  

1.7.2 Forecast-Coordinated Operations Program 

The goal of the F-CO program is to improve flood protection and better 

protect life and property for communities downstream from flood 

management reservoirs by reducing peak flood flows through better river 

flow forecasting and improved coordination.  The key to improving flood 

protection is the coordination of local, State and federal operations during 

major flood events. This coordination is further enhanced through use of a 

decision support system and state-of-the-art technology for flood 

forecasting. The F-CO program allows water managers to operate the 

reservoirs in advance of and during major flood events with an improved 

level of forecast certainty, thus reducing peak river flows and the risk of 

exceeding river channel capacity. The F-CO program also improves 

notification processes and increases flood warning times to emergency 

operation managers, State and local offices of Emergency Services, levee 

districts and the downstream areas in danger of major flooding.  Partners in 

the F-CO program include the California-Nevada River Forecast Center, 

USACE and reservoir operators.   

This non-structural program has been implemented on the Yuba-Feather 

system as a pilot project and has proven to be one of the most cost-effective 

flood management improvement measures (described below).  Following 

the success of the Yuba-Feather pilot project, DWR is currently expanding 

the F-CO program into the San Joaquin River watershed.  DWR is 

currently in the early stage of partnering with some of the reservoir 

operators in the San Joaquin system. 

The F-CO program can be coordinated with operational criteria changes to 

improve the efficiency by which reservoir storage is managed thereby 

minimizing potential impacts on the reservoirs’ multiple purposes, and to 
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improve flood protection by maximizing their flood management 

operations. 

Feather-Yuba Forecast-Coordinated Operations 

The Feather-Yuba F-CO program began in 2005 to improve flood 

protection and better protect life and property for communities along and 

downstream from the Yuba and Feather rivers without impacting the water 

supply of Lake Oroville and New Bullards Bar Reservoir.  The primary 

objective of the program is to reduce peak floodflows through improved 

river flow forecasting and improved coordination between Lake Oroville 

and New Bullards Bar Reservoir (YCWA, 2008). 

This program is a cooperative effort by the Yuba County Water Agency 

(YCWA), DWR, the National Oceanic and Atmospheric Administration 

(NOAA), and USACE.  Under this program, State, federal, and local 

operations during major flood events will be further enhanced through use 

of a decision support system and flood forecasting technology; thus, river 

peak flows and the risk of exceeding channel capacity could be reduced. 

The Feather-Yuba F-CO program has completed the following two phases: 

• Phase 1 for design – To identify and develop tools to improve the 

quality of flood forecasting and information technology needs. 

• Phase 2 for implementation – To install 19 remote gaging stations 

with telemetry systems that transmit data to the California Data 

Exchange Center.  After installation of the gages, efforts will focus 

on developing a reservoir operations model and integrating the 

model with the National Weather Service River Forecasting Center 

system. 

The coordinated operation resulting from the Feather-Yuba F-CO program 

was included as part of the No Project condition (see Section 3). 

1.7.3 Forecast-Based Operations Program 

After significant progress is made in F-CO program implementation, the 

next potential opportunity is an F-BO program.  Pursuit of F-BO will be 

based on the interest of the reservoir operators.  

The concept of F-BO allows for pre-releasing or storing water based on 

forecasted reservoir inflows, while taking into consideration the uncertainty 

of the forecasted inflows and the associated risks of spills and water supply 

deficits. Such operations more likely require changes in the reservoir flood 

control manual.  The F-BO phase of the project involves (a) the use of 

forecasting, and (b) proactive reservoir management policies, guidelines, 
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and rules whose use may reduce flood damages associated with extreme 

events and improve water management operations.  The California Nevada 

River Forecast Center is currently developing the collaborative forecasting 

capabilities.  Concurrently, the F-CO program has funded the USACE’s 

Hydrologic Engineering Center (HEC) to enhance the HEC-ResSim model 

to handle collaborative reservoir inflow forecasts. 

The need for congressional authorization of the F-BO program will not be 

definitely determined prior to development of specific modifications/ 

changes to the flood control manual, so the program is planned to be 

implemented in two steps. Step one will be to develop the program and 

document specific reservoir operation modifications, and consult with the 

USACE. During this step, the scope of the flood control manual s’ required 

modifications and the need for congressional authorization will be 

identified.  Step two, if required, is to seek congressional authorization for 

the implementation of the F-BO. 

While the F-BO program has not been implemented, future F-BO can be 

coordinated with reservoir operational criteria changes.  This coordination 

has the potential to improve the efficiency with which reservoir storage is 

managed, thereby improving flood management. 

1.7.4 Central Valley Hydrology Study 

DWR, under the FloodSAFE Initiative, and in cooperation with USACE, 

has initiated the Central Valley Hydrology Study, a comprehensive 

assessment of unimpaired and impaired Central Valley stream flow 

frequencies and magnitudes. This endeavor includes the development of a 

comprehensive database of historic rainfall and runoff information, the 

development of operation models for major Central Valley reservoirs, and 

an assessment of the effects on the hydrology from climate change. 

Previous systemwide hydrologic studies, such as the Comprehensive Study, 

completed a reconnaissance-level analysis of the system. These new 

Central Valley studies will extend the Comprehensive Study by providing 

the level of detail required for Federal Emergency Management Agency 

(FEMA) actions, feasibility planning studies, design of flood management 

actions, and studies and actions that will enhance operation of the existing 

flood management system. 

The Central Valley Hydrology Study is under development and cannot be 

used for the 2012 CVFPP Reservoir Analysis.  Once the hydrology is 

available, future studies can use the hydrology to perform their analyses. 
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1.7.5 Folsom Dam Joint Federal Project 

Folsom Dam and Lake, components of the CVP, are owned and operated 

by the U.S. Department of the Interior, Bureau of Reclamation 

(Reclamation).  The facility is primarily operated to maximize flood 

management and water supply storage benefits.  It is also operated for 

power, fish and wildlife management, recreation, navigation, and water 

quality purposes (Reclamation, 2009). 

To improve public safety, Folsom Dam and its appurtenant structures 

(collectively referred to as the Folsom Facility) must be strong enough to 

withstand the various types of forces and stresses created by a significant 

earthquake, storm, or seepage event.  The authorized Folsom Dam Joint 

Federal Project (JFP) is a joint effort between Reclamation and USACE to 

address these issues at the Folsom Facility.  The following three objectives 

are pursued as part of the Folsom Facility improvements: 

• Dam Safety – the need for expedited action to reduce hydrologic 

(flood), seismic (earthquake), and static (seepage) events.   

• Flood Damage Reduction – the need to reduce the risk of flooding 

in the Sacramento area, which is one of the most at-risk 

communities in the nation.   

• Increase Spillway Capacity – provide improved flood protection 

to the lower American River watershed in conjunction with 

downstream levee improvements. 

Construction activities began in January 2008 and will continue through 

2015.  These improvements will allow more water to be safely released 

earlier in a storm event, leaving more storage capacity in the reservoir to 

hold back peak inflows. 

Because the Folsom Dam JFP is already authorized and under construction, 

this project was included as part of the No Project condition (see Section 

3). San Joaquin River Restoration Program 

The SJRRP is a comprehensive long-term effort to restore flows to the San 

Joaquin River from Millerton Lake at Friant Dam to the confluence of the 

Merced River and restore a self-sustaining Chinook salmon fishery in the 

river while reducing or avoiding adverse water supply impacts from 

restoration flows. 

Implementation of the SJRRP would affect the timing and volume of 

Millerton Lake releases and potentially carryover storages.  This program, 

while not intentionally changing flood operations, may incidentally affect 
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flood management benefits, especially when paired with reservoir 

operational criteria changes. 

1.7.6 Surface Storage Investigations 

To address new water resources needs in California, the State and federal 

governments have funded five Surface Storage Investigations, which were 

conceived to support at least three of CALFED's programmatic goals: 

water supply reliability, water quality, and ecosystem restoration. 

These new projects are being designed to be adaptive and robust, and 

would support aquatic and riparian ecosystem restoration focused on the 

Delta and its tributaries, improved drinking and habitat water quality, and 

the water supply needs associated with California's growing population and 

diverse economy. Furthermore, these projects must perform well under a 

number of potential future conditions including changing environmental 

conditions and needs, climate change, alternative Delta conveyance and 

management, and disaster/emergency response scenarios (DWR, 2012). 

The five surface storage investigations are as follows: 

• Shasta Lake Water Resources Investigation (Shasta Enlargement) 

• North-of-the-Delta Offstream Storage (Sites Reservoir) 

• In-Delta Storage Program 

• Los Vaqueros Reservoir Expansion 

• Upper San Joaquin River Basin Storage Investigation (Temperance 

Flat Reservoir) 

These surface storage investigations (with the exception of the In-Delta 

Storage Program) will change the configuration of the Central Valley river 

systems and affect how flood management operations occur.  These 

projects are not included in the 2012 CVFPP Reservoir Analysis because 

they are still in their early planning stages, but are important as they may 

affect future operational criteria change studies. 

1.7.7 Federal Energy Regulatory Commission 
Relicensing 

FERC relicensing does not typically affect flood operating rules, which are 

prescribed by USACE for federal projects or as a condition of federal cost 

sharing on nonfederal projects.  But, FERC relicensing may change how 

water is released and the timing and magnitude of inflow into downstream 
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major multipurpose reservoirs, thus having an incidental effect on flood 

operations. 

Reservoirs that have hydropower facilities are regulated through licenses 

that FERC issues for given periods of time.  As the expiration date of an 

existing license approaches, dam owners must undergo FERC relicensing, 

which involves reviewing operational practices of the overall facility to 

continue operation of the hydropower facilities. 

Per the 1986 Federal Power Act, FERC is required to develop license 

conditions with equal consideration of development and environmental 

values.  The FERC relicensing process provides an opportunity for public 

and resource agencies to evaluate project effects and balance needs from 

different perspectives, as well as to modify hydropower dams to meet 

modern environmental standards.  New licenses establish new requirements 

for water supply, flood management, water quality, fisheries, wildlife, 

recreational uses, cultural resources, etc.  Implementation of these 

requirements is unlikely to change reservoir flood management operational 

criteria. 

The FERC relicensing process takes multiple years to complete.  At least 5 

years before a license expires, the licensee must file a notice of intent to file 

a new license and submit a preapplication document with a proposed study 

plan to begin the scoping process for an environmental analysis.  At least 2 

years before a license expires, the licensee must file an application for a 

new license, and FERC begins the environmental analysis. 

In the Central Valley, several reservoirs are undergoing the relicensing 

process, including Lake Oroville, Middle Fork American River Project, 

New Bullards Bar Reservoir, New Don Pedro Reservoir, New Exchequer 

Reservoir, and Mammoth Pool.  Lake Oroville, an SPFC facility, is owned 

by DWR and is operating under an annual license issued by FERC 

effective on February 1, 2007.  Through the FERC relicensing process, the 

Oroville Facilities were to reevaluate all project purposes and to 

accommodate current issues that were not extant when the first 50-year 

license was issued in 1957.  One such issue is the potential effects of the 

facility on spawning Chinook salmon; this will be mitigated through the 

use of the Oroville Facilities Chinook Salmon Fish Hatchery (DWR, 

2010a). 

FERC relicensing may change how water is released and the timing and 

magnitude of inflow into downstream major multipurpose reservoirs, thus 

having an incidental effect on flood operations and potentially the benefits 

associated with operational criteria changes. 
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1.8 Report Organization 

Organization of this document is as follows: 

• Section 1 introduces and describes the purpose of this attachment.  

It also provides an overview of flood management in the 

Sacramento and San Joaquin river systems, and past and ongoing 

Central Valley flood reservoir studies that affect reservoir 

operational criteria and form a basis for this analysis. 

• Section 2 summarizes results and findings of 2012 CVFPP reservoir 

modeling in the Sacramento and San Joaquin river basins and future 

opportunities for reservoir analyses after 2012. 

• Section 3 describes the methodology used in this analysis. 

• Section 4 describes the current (No Project) performance of 

multipurpose reservoirs in the Sacramento and San Joaquin river 

basins. 

• Section 5 describes the sensitivity of the system to reservoir 

operational criteria changes that were used to identify scenarios for 

further consideration. 

• Section 6 explores two operational scenarios considered for the 

2012 CVFPP. 

• Section 7 summarizes the simulated flood management benefits of 

the scenarios considered. 

• Section 8 contains references for the sources cited in this document. 

• Section 9 lists acronyms and abbreviations used in this document. 

  



2012 Central Valley Flood Protection Plan 
Attachment 8B: Reservoir Analysis 

1-18 January 2012 
 Public Draft 

 

This page left blank intentionally. 



2.0 Results Summary and Findings 

January 2012 2-1 
Public Draft 

2.0 Results Summary and Findings 

Model results from this preliminary analysis conducted for the 2012 

CVFPP, suggest that there are potential systemwide flood management 

benefits that could result from allocating more space to flood storage and 

from modifying release schedules, especially when operational criteria 

changes reduce downstream peak flood stage.  It is recommended that 

future detailed and coordinated studies occur to consider other potential 

effects (e.g., water supply, environmental) and to explore the feasibility of 

modifying operational criteria at individual reservoirs. 

While this analysis does not propose any specific changes to reservoir 

operational criteria or suggest that these changes are the only options for 

modifying operational criteria, the 2012 CVFPP Reservoir Analysis does 

provide insight for future studies to explore operational criteria changes in 

more detail.  This analysis highlighted the following observations: 

• Operational criteria changes are generally effective in lowering 

downstream peak flow and, as a result, the volume of water leaving a 

channel through levee breaches.   

• While operational criteria changes can reduce peak downstream flood 

flow, the changes in peak flow are not necessarily consistent for all 

frequency storm events or for all storm locations (centerings).   

• Delaying larger reservoir releases could allow floodwater from other 

tributaries to pass through the Central Valley flood management 

systems before the modified reservoirs release their higher flow, 

generally resulting in lower downstream peak flows. 

• The volume of additional flood storage allocation is not equal to the 

actual reduction in out-of-system flow volume (e.g., an additional 100 

TAF of flood storage allocation does not reduce the volume of out-of-

system flow by 100 TAF).  Therefore, from the viewpoint of containing 

out-of-channel flood volume, an increase in flood storage allocation 

may not be as efficient as other methods. 

In general, physical or operational criteria changes could reduce the need 

for some types of downstream actions, such as levee improvements, and 

could mitigate the hydraulic effects that system improvements can have on 

downstream reaches. Reservoir operational criteria changes can also 

provide greater flexibility to accommodate future hydrologic changes, (e.g., 

climate change), provide greater system resiliency, and benefit the 

ecosystem.  
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While changes to flood storage allocations and objective releases typically 

require relatively small capital costs, they could have significant water 

resources impacts and present regulatory challenges.  Because of the 

interconnected nature of the multipurpose reservoirs in the Central Valley, 

changes to flood management operations will affect operations for other 

purposes (including water supply, hydropower generation, and recreation).  

To implement such changes would require a detailed project-level analysis 

and coordination to develop a comprehensive suite of analyses, followed by 

significant administrative actions. The 2012 CVFPP recommends an 

overall system reservoir analysis to holistically evaluate potential 

integrated solutions, such as the one DWR is currently formulating under 

its System Reoperation Program.  

2.1 Inclusion in 2012 CVFPP Approaches 

The preliminary findings from this analysis were included in the Enhance 

Flood System Capacity Approach.  This approach includes modifications to 

the reservoir release schedule and flood storage allocation at Lake Oroville 

(equivalent to an additional 200,000 acre-feet of flood storage), and 

coordinated operation with New Bullards Bar Reservoir, to reduce flood 

stages on the Feather River during a 200-year (0.5 percent annual 

exceedence probability (AEP)) flood event.  Also, in the San Joaquin River 

Basin, the State would partner with interested reservoir operators  to 

increase the flood storage allocation at New Don Pedro, Friant, and/or New 

Exchequer dams by about 400,000 acre-feet to effectively manage the 100-

year (1 percent AEP) flood event at these reservoirs.  In combination with 

bypass expansion and other features of the Enhance Flood System Capacity 

Approach, these operational features help manage the timing and 

magnitude of peak floodflows before they enter the Sacramento and San 

Joaquin rivers. 

Operational criteria changes were ultimately not moved forward into the 

State Systemwide Investment Approach because of: (1) the preliminary 

nature of this analysis; (2) uncertainty associated with the potential effects 

of operational criteria changes; and (3) the need to coordinate with 

operators and owners on more detailed, reservoir-specific analyses. An 

exception is the already authorized operational changes associated with the 

Folsom Dam Raise, which are included in both the No Project condition 

and State Systemwide Investment Approach. 
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2.2 Potential Future Studies  

The 2012 CVFPP Reservoir Analysis described herein provides insight for 

future evaluations, and these future reservoir operational criteria studies 

should focus on the development of integrated solutions that consider 

project-specific costs as well as addressing potential effects on other 

reservoir purposes.  The integrated solutions could include actions such as 

increasing downstream transitory storage, constructing setback levees, and 

increasing upper watershed storage to maximize flood management and 

other benefits. 

Conjunctive use (CU), which is the cooperative management of both 

surface water and groundwater, is another possibility to be explored in 

future reservoir analyses.  By diverting water from a flood management 

reservoir into a groundwater aquifer prior to flood season, CU could 

increase flood protection by providing additional flood storage allocation in 

the reservoir, but could still recover the prestored water if needed during 

the year. Combining this CU analysis, with other systemwide analyses 

would aid in formulating and selecting reservoir operational criteria change 

alternatives. These future studies should also be coordinated with ongoing 

studies such as DWR’s existing F-CO and planned F-BO programs.   

As stated above, the 2012 CVFPP Reservoir Analysis used existing data 

and tools to explore modifications to the reservoir operational criteria of 

flood storage allocation and objective release. In addition to reservoir 

operational criteria changes, other actions (such as increasing transitory 

storage, constructing setback levees, and increasing upper watershed 

storage) that maximize flood management benefits while providing other 

benefits should be explored to identify integrated flood management 

solutions.  Various efforts have been made and others are underway to 

analyze the potential for reservoir operational criteria changes in further 

detail.   

In summary, with the defined vision from the 2012 CVFPP, future 

reservoir analyses could include, but not be limited to, the following: 

• Hydrology Updates – New hydrology is being developed for the 

Sacramento and San Joaquin river basins under the Central Valley 

Hydrology Study.  This new hydrology will be used to prepare new 

inflow hydrographs for the HEC-5 (or HEC-ResSim) models. 

• Climate Change – Current inflow hydrographs for the HEC-5 

models were developed based on historical data and climate 
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information.  Climate change may modulate the “typical” 

hydrology
1
 and alter the timing and evacuation requirements for 

flood management; thus, it is necessary to incorporate climate 

projections into reservoir operational criteria.  Once DWR identifies 

a standardized approach for climate change, hydrology could be 

updated to address climate change.  In addition, a better 

understanding of changes in the timing and distribution of 

precipitation and runoff within the State would improve decisions 

regarding operational criteria changes, as well as the ability to 

assess systemwide effects of operational criteria changes. 

• Reservoir Modeling Tools – The HEC-5 models from the 

Comprehensive Study, provide a basin-wide representation of 

Central Valley multipurpose reservoirs, and a prefeasibility tool to 

identify ranges of operational criteria change scenarios for future 

analysis.  Project-specific reservoir analyses will require reservoir 

models with additional details for in-depth evaluations.  New 

models could be developed or adapted for analysis in the future. 

• System Optimization – Future analyses could aim to apply an 

optimization approach to identify optimal alternatives under 

interconnected operational criteria constraints (e.g., water supply, 

flood management operations, and hydropower generation 

constraints). 

• Headwater Reservoir Operations – Headwater reservoirs are 

mainly for hydropower generation, and mostly have no formal flood 

management functions.  However, previous studies have indicated 

that available storage in headwater reservoirs could significantly 

reduce peak inflows into lower basin reservoirs (USACE, 2002d).  

Changes in headwater reservoir operations could potentially reduce 

flood damage through spillway regulation or alteration of outlet 

elevations to better account for flood operations. 

• Offstream Storage Opportunity – Diverting excess floodflows 

from river channels into adjacent storage areas could reduce flow 

rate and stage within the main channels.  Refuge or agricultural 

areas along the mainstem Sacramento and San Joaquin rivers could 

provide such offstream storage for flood damage reduction.   These 
                                                        
1
 Hydrologic impacts of climate change are uncertain, but are likely to increase hydrological 
variability in the future and include less frequent precipitation, more intense precipitation, 
increased frequency of dry and extremely wet days, and less snowpack and snow cover.  
Precipitation shifts would affect the origin and timing of runoff.  Increases in precipitation 
intensity could increase flood events, and thus change the overall flood regime (such as 
the frequency of different sized floods) and affected areas (Brekke et al., 2009). 
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storage projects would provide opportunities to allocate or 

reallocate dedicated flood storage space or change operational 

criteria to meet flood damage reduction objectives. 

• Physical Reservoir Modifications – The 2012 CVFPP Reservoir 

Analysis only explored the potential of altering reservoir 

operational criteria, not physical modifications.  To minimize the 

effects on the other purposes of the reservoirs (e.g., water supply 

reliability, hydropower generation, recreational opportunities, 

groundwater storage, instream requirements), physical 

modifications to the dams and reservoirs should be considered in 

future analyses.  For example, increasing the size/capacity of a 

reservoir would provide additional flood storage without reducing 

the current water supply storage. 

• Starting Storage Assumptions – This analysis assumed that the 

starting storage for each reservoir was the top of conservation pool.  

Especially for lower frequency storms, starting storage may be 

lower than assumed in this analysis.  Future analyses should explore 

the potential benefits and impacts of operational criteria changes 

under various reservoir starting storages. 
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3.0 Methodology 

This section first provides an overview of the approach used for the 2012 

CVFPP Reservoir Analysis. Then it summarizes past reservoir studies on 

changes to operational criteria, whose methodology and tools were used as 

a starting point for the 2012 CVFPP Reservoir Analysis.  The remainder of 

the section discusses the assumptions, model selection, and model 

specifications used in the 2012 CVFPP Reservoir Analysis. 

3.1 2012 CVFPP Reservoir Analysis Approach 

The 2012 CVFPP Reservoir Analysis was separated into two phases and 

conducted as five different activities.  Phase 1 reviewed past studies on 

changes to operational criteria (Activity 1), explored the current ability of 

reservoirs to manage a range of flood events (Activity 2a), and identified a 

range of reservoir operational criteria changes that could potentially reduce 

peak flow along the mainstem rivers for further analysis in Phase 2 

(Activity 3a).  Phase 1 of the 2012 CVFPP Reservoir Analysis did not 

identify any reservoir-specific changes in reservoir operational criteria, but 

did identify potential types of operational criteria changes, such as 

enlargement of flood storage allocation or modifications to reservoir 

release criteria, for future analysis in Phase 2. 

The objectives of Phase 2 were to further explore and identify the current 

(No Project) ability of reservoirs to manage flood events (Activity 2b), 

perform incremental operational criteria changes based on Phase 1 

observations (Activity 3b), explore operational scenarios (Activity 4), and 

estimate benefits and impacts from the scenarios (Activity 5).  Phase 2 

explored two scenarios, one in the Sacramento River Basin and one in the 

San Joaquin River Basin, that have potential to help reduce downstream 

floodflows, thereby increasing flood management flexibility. 

Figure 3-1 outlines the two phases and briefly describes the activities 

conducted in each phase. Each type of activity is grouped together and 

described in separate sections in this report. 
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Figure 3-1. 2012 CVFPP Reservoir Analysis Flowchart 

3.2 Past Reservoir Analyses Modeling Summary 

Prior to the 2012 Reservoir Analysis, one other study that analyzed flood 

management in both the Sacramento and San Joaquin river basins from a 

systemwide perspective was the Comprehensive Study.  Before the 

Comprehensive Study, studies focused on making incremental changes to 

the system without fully understanding how they might affect other parts of 

the system and the performance of the system as a whole.  Because of 

similar objectives and systemwide perspective, the 2012 CVFPP Reservoir 

Analysis used the Comprehensive Study models and data as a basis for the 

analysis, with updates as necessary to include modifications to flood 

management in the Central Valley after the Comprehensive Study was 

completed.  The models were then used to evaluate potential systemwide 

flood management effects from changing reservoir operational criteria for 

the 2012 CVFPP. 

• Activity 1 – Past Reservoir Analyses Modeling Summary: Review past studies on 
changes to operational criteria of multipurpose reservoirs to gain a basic 
understanding of effects and develop methodology.

• Activity 2a – No Project System Performance: Improve understanding of the 
ability of reservoirs to manage a range of flood events under their No Project 
operational criteria.

• Activity 3a – Basin-Wide Sensitivity to Changes in Reservoir Operational 
Criteria: Explore how flood management in the Central Valley would react to 
simultaneous operational criteria changes at multiple reservoirs and identify 
which reservoirs have potential to benefit the system.

Phase 1 Reservoir Analysis

• Activity 2b – No Project System Performance:  Identify the ability of reservoirs 
to manage a range of flood events under their existing operational criteria.

• Activity 3b – Basin-Wide Sensitivity to Changes in Reservoir Operational 
Criteria: Make incremental operational criteria changes to identified reservoirs.

• Activity 4 –Reservoir Operational Scenarios Considered: Explore two scenarios, 
one in the Sacramento River basin and one in the San Joaquin River basin.

• Activity 5 – Effects of Operational Criteria Changes: Quantify simulated effects 
of the two scenarios considered on flood risk management.

Phase 2 Reservoir Analysis
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3.2.1 Comprehensive Study Background 

The goal of the Comprehensive Study was to develop a comprehensive 

plan for flood damage reduction and ecosystem restoration along the 

Sacramento and San Joaquin rivers.  A major part of the study was to 

develop analytical tools capable of evaluating the effects of changes on 

performance of the system as a whole with respect to reducing flood 

damages, protecting public safety, and restoring degraded ecosystems. 

The Comprehensive Study reservoir modeling used HEC-5 as the reservoir 

simulation software.  Extensive efforts were made to collect data and input 

flood management operational criteria into HEC-5 models to accurately 

represent without-project conditions.  Detailed HEC-5 reservoir modeling 

was then performed to evaluate various flood management alternatives, 

including the following categories (USACE, 2002d): 

• Operational criteria changes to lower basin reservoirs 

- Grid analysis that varied flood storage and objective releases of 

individual reservoirs 

- Reservoir operational criteria changes of existing reservoirs 

- Incorporation of floodplain storage areas in the San Joaquin River 

Basin with reservoir operational criteria changes 

• Operational criteria changes to headwater reservoirs 

• Use of onstream and offstream storage 

These evaluations were completed by modifying the assumptions in the 

HEC-5 base models (e.g., increasing available flood storage allocation, 

decreasing objective release criteria) and running the models for storms of 

various AEPs and centers.  Potential effects resulting from the 

Comprehensive Study alternatives were evaluated by comparing peak 

flows at control points for the alternative conditions against without-project 

conditions assuming that a reduction in peak flow could decrease flood 

damage. Details of the reservoir operation modeling are documented in 

Comprehensive Study Technical Studies Documentation Appendix C 

(USACE, 2002d). 

The rest of this subsection provides a results summary of various flood 

management operation alternatives.  These preliminary findings from the 

Comprehensive Study helped guide the 2012 CVFPP Reservoir Analysis. 
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3.2.2 Grid Analysis 

The Comprehensive Study lower basin reservoir analysis included 

performing a grid analysis to evaluate how incremental changes to an 

individual reservoir’s flood management storage and/or objective release 

affect the ability to manage flood events of various frequencies.  Both the 

flood storage allocation and the objective release were changed 

incrementally (individually and in combination) for a range of values.  The 

flood storage allocation was changed by lowering the required top of 

conservation pool on the flood rule curve (see Figure 3-2 for an example).  

The solid and dotted lines represent the minimum amount of required space 

with and without flood storage allocation changes, respectively, to be kept 

in the reservoir at all times.  For each modification, changes in peak 

reservoir outflow rates under different storm events were evaluated. 

 
Figure 3-2.  Example Flood Management Diagram 

In HEC-5, the required flood storage allocation for a targeted reservoir was 

increased (or decreased) by lowering (or raising) the top of conservation 

pool; no changes to the reservoir size were made.  With a larger flood 

storage allocation, the reservoir could store a larger volume of inflow 

before it reached the gross pool, thus delaying or even eliminating 

emergency spillway releases that were higher than the objective release.  

Additional storage allocation could increase flood protection and help meet 

objective flows (therefore maintaining flows at or below channel capacity) 

during larger events. 

Lowering the objective release criteria could reduce reservoir outflow rates 

and shift the timing of the peak tributary flow to prevent coinciding with 

the peak flow in the mainstem.  However, reducing the objective release 

could speed up filling of the flood pool storage and lead to earlier 

emergency spillway releases. 
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Other changes were made in the HEC-5 model for consistency between the 

simulations.  These changes included, but were not limited to, the 

following: 

• Starting storage of the targeted reservoir 

• Gate operations 

• Release ramping schedule 

Figure 3-3 shows an example of grid analysis results for Shasta Lake.  The 

curves delineate combinations of flood storage and objective flows that 

would pass a specified frequency event while exhausting the capabilities of 

the reservoir.  Points above a curve indicate objective flows have been 

exceeded, and values below a curve indicate objective flows have not been 

exceeded for a particular storm event.  For example, Shasta Lake is 

currently capable of controlling a flood event with less than a 1 percent 

AEP (1 percent chance of occurring in any year).  Increasing the flood 

storage at Shasta Lake to approximately 2,100 thousand acre-feet (TAF) 

could enable Shasta Lake to manage up to a 0.5 percent AEP flood event 

without exceeding the current objective release of 79,000 cubic feet per 

second (cfs). 

This Comprehensive Study analysis shows how changes to a reservoir’s 

objective flow and flood storage allocation influence the level of flood 

protection along the mainstems and tributaries of both the Sacramento and 

San Joaquin rivers.  Results from the grid analysis were used as a guide for 

the reservoir alternatives discussed below. 
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Source: USACE, 2002b 
Notes: 
1.  Data representing the 50 percent and 10 percent AEP storm events are not plotted because Shasta 
Lake is capable of completely detaining inflows generated by events of these magnitudes. 
2.  Current objective flow = 79,000 cubic feet per second 
3.  Current maximum flood storage allocation = 1,300 thousand acre-feet 

Figure 3-3.  Grid Analysis Results for Shasta Lake 

3.2.3 Operational Criteria Changes to Lower Basin 
Reservoirs 

In the Comprehensive Study, the primary purpose of modifying operational 

criteria at lower basin reservoirs was to alter peak flows of both the 

mainstems and tributaries of the Sacramento and San Joaquin rivers.  

Alternatives included arbitrary changes in objective flow and available 

flood storage allocation for one or more reservoirs under different storm 

events.  In the Sacramento River Basin, operational criteria changes were 

made in flood reservation and objective release to Shasta Lake, Lake 

Oroville, and New Bullards Bar Reservoir, and flows were limited at 

Cottonwood Creek (Table 3-1).  In the San Joaquin River Basin, 

operational criteria changes were made in flood reservation and objective 

release at Millerton Lake (Friant Dam), Lake McClure (New Exchequer 

Dam), and New Don Pedro Reservoir (Table 3-2).  For these alternatives, 

increases in flood reservation were drastic, often doubling the existing  
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Table 3-1.  Lower Basin Reservoir Operational Criteria Changes – 
Sacramento River Basin Alternatives 

Reservoir  
Operational 

Criteria 
Existing 

Condition 
Alternative 

1 
Alternative 

2 
Alternative 

3 
Alternative 

4 

Shasta Lake 

Flood 
Reservation 

1,300 TAF +1,300 TAF - - - 

Objective 
Release 

79,000 cfs - - - - 

Cottonwood 
Creek 

Flood 
Reservation 

N/A - - - - 

Objective 
Release 

N/A - 
Up to 

15,000 cfs 
- - 

Lake Oroville 

Flood 
Reservation 

750 TAF +750 TAF - 

Incremental 
changes 
made to 
available 
storage and 
objective flow 

Incremental 
changes 
made to 
available 
storage and 
objective flow 

Objective 
Release 

150,000 cfs - - 

New Bullards 
Bar Reservoir 

Flood 
Reservation 

170 TAF - - 

Incremental 
changes 
made to 
available 
storage and 
objective flow 

- 

Objective 
Release 

50,000 cfs - - - 

Source: Adapted from USACE, 2002d 

Key: 
- = no change 
cfs = cubic feet per second 
N/A = not applicable 
TAF = thousand acre-feet 
 

flood reservation.  Note that doubling the flood storage for some reservoirs 

is a small portion of the total reservoir (e.g., adding 1,300 TAF of flood 

storage as compared to the total Shasta Lake storage of 4,552 TAF). 

Table 3-3 contains example HEC-5 results from reservoir operational 

criteria changes.  It presents peak flow reduction at six locations for an Ord 

Ferry-centered storm and seven return frequencies for Sacramento River 

Basin Alternative 1 (doubling flood reservation in both Shasta Lake and 

Lake Oroville). 

Results from the Comprehensive Study alternatives demonstrated that 

operational criteria changes to existing reservoirs have the potential to 

reduce peak flow at various locations in the Sacramento and San Joaquin 

river basins. 
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Table 3-2.  Lower Basin Reservoir Operational Criteria Changes – San Joaquin River 
Basin Alternatives 

Reservoir 
Operational 

Change 
Existing 

Condition 
Alt. 1 Alt. 2 Alt. 3 Alt. 4 Alt. 5 Alt. 6 Alt. 7 

Millerton Lake 

Flood 
Reservation 

170 TAF +170 TAF +100 TAF - +50 TAF +100 TAF - - 

Objective 
Release 

6,500 cfs - - - 
Up to 

4,000 cfs 
- 

Up to 
8,000 cfs 

- 

Lake McClure 

Flood 
Reservation 

350 TAF - +50 TAF - - +50 TAF - - 

Objective 
Release 

6,000 cfs - - - 
Up to 

1,000 cfs 
- - 

Up to 
2,000 cfs 

New Don 
Pedro 
Reservoir 

Flood 
Reservation 

340 TAF +340 TAF +100 TAF - - +200 TAF - - 

Objective 
Release 

9,000 cfs - 
Up to 

2,000 cfs 
Up to 

6,000 cfs 
Up to 

6,000 cfs 
- - - 

Source: Adapted from USACE, 2002d 

Key: 
- = no change 
Alt.  = Alternative 
cfs = cubic feet per second 
TAF = thousand acre-feet 

Table 3-3.  Percent Peak Flow Reduction at Mainstem Gage Locations in Sacramento 
River Basin for Alternative 1 

Ord Ferry Storm Runoff Centering 

AEP 
(percent) 

Bend 
Bridge 

Vina 
Bridge 

Ord 
Ferry 

Oroville Verona Sacramento 

50 0.0 0.0 0.0 42.7 9.6 12.2 

10 0.0 0.0 0.0 36.1 8.5 6.4 

4 0.0 0.0 0.0 55.0 16.8 13.3 

2 0.0 0.0 0.0 53.6 15.7 12.4 

1 0.0 0.0 0.0 60.9 21.2 17.0 

0.5 10.2 0.0 0.0 30.0 8.4 6.9 

0.2 38.6 18.7 20.0 0.0 0.8 0.5 

Adapted from USACE, 2002d 

Notes: 
1.  Flow at mainstem points are estimated by HEC-5, which assumes all flows remain in channel 
(bypasses were treated as channels). 
2.  Percent Peak Flow Reduction = ((Maximum Regulated No Project Inflow)-(Maximum Regulated 
Alternative Inflow))/ (Maximum Regulated No Project Inflow) X 100%. 

Key: 
AEP = annual exceedence probability 
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3.2.4 Major Comprehensive Study Findings 

The Comprehensive Study evaluation of potential reservoir operational 

criteria changes led to several important findings for flood management in 

the Central Valley that were used to inform operational criteria changes in 

the 2012 CVFPP Reservoir Analysis: 

• The Central Valley flood management systems’ design does not 

provide a uniform level of flood protection to all areas. 

• The Central Valley flood management systems cannot safely 

convey the flows that it was formerly considered capable of 

accommodating. 

• All of the preliminary systemwide evaluations indicated that some 

amount of new flood storage is needed in the Sacramento River 

Basin, regardless of the type of flood management improvements 

implemented. 

• Weirs and bypasses in the Sacramento River Basin tend to dampen 

the effects of changes to the flood management systems. 

• Under existing conditions, flow out of the Tuolumne River system 

overwhelms flow in the San Joaquin River downstream from the 

Tuolumne River confluence. 

• During floods, water leaves the Central Valley foothills and moves 

through the different rivers and channels in the Central Valley at 

different rates.  Thus, flood peak from one tributary might reach the 

mainstem hours or days before the peak from another tributary. 

• If levee reliability were improved systemwide, substantial increases 

in flood storage capacity could offset hydraulic impacts in 

downstream areas because of improved upstream reliability. 

• A comprehensive solution to improve public safety, reduce flood 

damages, and restore degraded ecosystems in the Central Valley 

will require a combination of measures that increase conveyance 

capacity and flood storage, and improve floodplain management. 
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3.3 2012 CVFPP Reservoir Analysis Assumptions 

Using the preliminary findings and methodology from the Comprehensive 

Study, reservoir operational criteria changes were considered for the 2012 

CVFPP Reservoir Analysis if a reservoir met the following conditions: 

• Reservoir is multipurpose (i.e., flood management, water supply, 

recreation) 

• Gross pool is greater than 100 TAF 

• Reservoir is located within the analysis area 

- Reservoir is located within the Sacramento and San Joaquin river 

basins 

- Reservoir is located on mainstem or tributaries that connect directly 

to the mainstem 

- Reservoir is not located on eastside tributaries or within the Delta 

Operational criteria at reservoirs that are solely or mostly operated for flood 

management (i.e., less than 100 TAF of storage is dedicated for nonflood 

management purposes) were not changed because insufficient flexibility 

existed in operations since nearly all of the storage is already dedicated to 

flood management.  Similarly, if a reservoir had a gross pool smaller than  

100 TAF, it was not considered because there is little flexibility in 

operations.  Reservoirs located outside the Sacramento and San Joaquin 

river basins were not considered (i.e., Pine Flat Lake, located on the Kings 

River) because they are outside the area of analysis.  Reservoirs located on 

tributaries that do not enter the Sacramento or San Joaquin rivers directly 

were also not included because most of the effects of operational criteria 

changes would not affect the mainstems.  For example, Indian Valley 

Reservoir, on the North Fork Cache Creek, was not analyzed because 

Cache Creek drains into the Yolo Bypass, not directly to the Sacramento 

River.  Reservoirs on the eastside tributaries (Cosumnes, Mokelumne, and 

Calaveras rivers and Littlejohns Creek), which drain into the San Joaquin 

River within the Delta boundary, were also not included because they are at 

the downstream end of the system, thus having less potential for 

systemwide benefits.   

Of the 24 lower basin reservoirs included in the existing HEC-5 models 

(refer to Section 3.5.1), 9 fit these conditions; therefore, operational criteria 

changes at these reservoirs were explored further in this analysis  

(Table 3-4). 
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Table 3-4.  Reservoirs Considered for Operational Criteria Changes 

Sacramento River 
Basin 

San Joaquin River 
Basin 

Shasta Lake New Melones Reservoir 

Lake Oroville New Don Pedro Reservoir 

New Bullards Bar Reservoir Lake McClure 

Folsom Lake H.V. Eastman Lake 

 Millerton Lake 

 

The following decisions were made for tool and methodology selection: 

• Because the 2012 CVFPP Reservoir Analysis was based on the 

Comprehensive Study, which primarily focused on the Sacramento 

and San Joaquin river basins, effects on the Delta were not directly 

explored. 

• The 2012 CVFPP Reservoir Analysis used the best available 

existing tools for the analysis.  New reservoir simulation models 

(e.g., DWR and USACE HEC-ResSim models) and new hydrologic 

information are under development, but they were not available for 

this analysis. 

• Operational criteria changes were made to maximize systemwide 

flood management benefits. 

• Other effects, including water resources benefits, and hydropower 

and environmental impacts, were not considered when making 

operational criteria changes. 

• No climate change or environmental analyses were conducted. 

3.4 2012 CVFPP Reservoir Analysis Model 
Selection 

Three computer models were used to conduct this analysis: HEC-5, HEC-

ResSim, and UNET.  As described above, the 2012 CVFPP Reservoir 

Analysis was divided into five different activities.  The first activity, review 

of past reservoir analyses modeling, did not require any additional 

modeling as part of the 2012 CVFPP.  The corresponding models used for 

each of the remaining four activities of the analysis are as follows: 

Activity 2. No Project System Performance – HEC-5 and HEC-ResSim 
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Activity 3. Basin-Wide Sensitivity to Reservoir Operational Criteria 

Changes – HEC 5 

Activity 4. Reservoir Operational Scenarios Considered – HEC-5 

Activity 5. Effects of Operational Criteria Changes on Flood Risk 

Management – UNET 

Figure 3-4 shows an overview of how the models relate to each other and 

their inputs and outputs. 

 
Figure 3-4.  Models Process Overview 

3.4.1 HEC-5 Hydrologic Reservoir Operations Model 

Preliminary flood management benefits were compared using the 

hydrologic reservoir operations model HEC-5.  This is a reservoir 

operations model that simulates rule curves and other operational criteria 

based on reservoir inflow.  HEC-5 provided preliminary estimates for the 

reduction in peak flow, duration, and magnitude of channel capacity 

exceedence, and contribution of reservoir flood releases to downstream 

flow at index point locations (i.e., key locations of interest to observe 

effects of operational criteria changes) for a wide range of scenarios. 

The HEC-5 model implementation developed for the Comprehensive Study 

and simulating all of the major reservoirs in the Sacramento and San 

Joaquin river basins was selected for use in this analysis because it is 

currently the best available systemwide model.  While new tools are being 

developed, they were not available for use in this analysis.  

The HEC-5 Comprehensive Study models represent Year 2000 reservoir 

operational criteria within the current flood management systems of the 

Sacramento and San Joaquin river basins.  These models were updated for 

the 2012 CVFPP Reservoir Analysis to include changes to reservoir 

operations since completion of the Comprehensive Study (see 

Section 3.5.1). 

3.4.1 HEC-ResSim Hydrologic Reservoir Operations Model 

HEC-ResSim supplemented HEC-5 to simulate current reservoir operations 

and screen various reservoir operational criteria changes.  HEC-5 is a 

HEC-5

HEC-ResSim

Reservoir Operations

Initial Screening

UNET

Stage

Out of Channel Volume

‘
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legacy program; HEC-ResSim, developed by USACE, is its successor and 

includes a graphical user interface and the ability to better simulate some 

types of operational rules.   

HEC-ResSim was used to simulate American River and Folsom Lake 

operational criteria, including the new Folsom Dam JFP modifications, 

because it would be difficult to simulate these operations in HEC-5.  While 

the preferred method for incorporating Folsom Dam JFP changes would be 

to modify HEC-5, doing so would not accurately reflect the Folsom Dam 

JFP.  HEC-5 was unable to accurately simulate the variable release diagram 

and design targets associated with the Folsom Dam JFP.  As a result, the 

USACE HEC ResSim model of the American River was used to simulate 

releases from Folsom Lake.  Results from the HEC-ResSim model were 

used as input into the HEC-5 model.   

Although HEC-ResSim demonstrates more advanced features and 

improvements than HEC-5, it was only used to simulate reservoir 

operations in the American River Basin because systemwide HEC-ResSim 

models were not available at the time of this analysis. 

3.4.1 UNET Hydraulic Model 

Once the two potential scenarios for consideration were identified, UNET 

was run to assess in more detail the effects of operational criteria changes 

on flood management.  UNET used the time series of reservoir releases 

from HEC-5 to compute the stage and out-of-channel volume of water 

throughout both basins.  UNET is an unsteady-state riverine hydraulic flow 

model that simulates the one-dimensional (1-D) flow in a network of 

streams.  The UNET model used in this analysis was first developed as part 

of the Comprehensive Study to simulate floods in the Sacramento and San 

Joaquin river basins, including levee breaks. 

New river hydraulic models are currently under development by DWR, but 

were not available for the 2012 CVFPP.  Therefore, the available UNET 

model and data, with some updated information, were used for analyses 

required for the CVFPP. 
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3.5 2012 CVFPP Reservoir Analysis Model 
Specifications 

The following describes model specifications for the three models used in 

this analysis.  Because the majority of the 2012 CVFPP Reservoir Analysis 

used HEC-5 to explore operational criteria changes, additional detail is 

provided regarding the HEC-5 model, its model limitations, and available 

storm event inputs. 

3.5.1 HEC-5 Model Specifications 

HEC-5, a computer program first developed and distributed in 1973, was 

designed by USACE HEC to offer guidance in real-time reservoir release 

decisions and to aid in planning studies for proposed reservoirs, operation 

alternatives, and flood space allocation based on specified project demands 

and constraints.  HEC-5 can simulate a dendritic reservoir system 

configuration of streams, weirs, bypasses, and storage areas.  The program 

accepts criteria related to flood operations, hydropower generation, river 

routings, diversions, and low-flow operations.  Simulations can be 

performed using time steps ranging from 5 minutes to 1 month. 

With support from the USACE Water Management Section of the 

Sacramento District, HEC constructed working HEC-5 models for flood 

damage reduction reservoirs within the Central Valley.  The Water 

Management Section began detailed modeling in 1999 to expand the 

working models into calibrated models capable of performing reservoir 

simulations for an entire watershed under hydrologic conditions of 

differing return frequencies and storm centerings. 

HEC-5 routes flow through reservoirs based on operational criteria 

provided by the modeler.  Operational criteria in the No Project HEC-5 

models strictly observe guidelines established within each reservoir’s water 

control manual and focus on flood damage reduction operations, as well as 

winter operations for water supply and hydropower.  Figure 3-5 shows the 

basic operational zones of a reservoir in HEC-5. 

Under normal conditions, when reservoir storage begins to encroach into 

the flood storage allocation pool (i.e., storage exceeds the top of 

conservation pool), reservoir outflow is ramped up to match the inflow, but 

not to exceed the objective release to evacuate water from the flood storage 

allocation pool.  The objective release is based on downstream channel 

capacity and reservoir outlet capacity.  If inflow into a reservoir is greater 

than outflow, the volume of water in the reservoir continues to increase, 

and emergency spillway releases (which are greater than objective releases) 

begin when storage reaches the gross pool. 
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Adapted from Hickey et al., 2003 

Inactive Pool – Storage in this pool may be zero or a minimum pool. 
Buffer Pool – This is part of the conservation pool; when the water level drops into the buffer pool, only 
essential demands will be met. 
Conservation Pool – Space is reserved for various water demands on the reservoir (e.g., agricultural, 
municipal). 
Flood Storage Allocation Pool – Water is stored in this pool when it cannot be safely passed 
downstream within objective flow targets. 
Surcharge Pool – Water in this pool is above the emergency spillway; outflows are determined by the 
spillway capacity or Emergency Spillway Release Diagram. 

Figure 3-5.  Basic Operational Zones of a Reservoir in HEC-5 

Four separate HEC-5 models were used for the 2012 CVFPP Reservoir 

Analysis: two for the Sacramento River system and two for the San Joaquin 

River system.  Each system has one model that represents the headwater 

reservoirs and a second model for the lower basin flood management 

facilities.  The headwater model for each basin generally contains 

reservoirs located upstream from flood damage reduction projects.  Lower 

basin models contain flood reduction projects as well as water supply, 

recreation, and hydropower facilities.  Reservoirs simulated in the HEC-5 

models either currently have flood damage reduction functions or maintain 

an active storage of greater than 10,000 acre-feet and regulate a significant 

natural drainage area.  The operations of lower basin reservoirs are based 

on their respective water control manuals.  Water control manuals are 

prepared by USACE for each reservoir that has variable allocations for 

flood control during the year.   Water control manuals also specify 

reservoir inflow parameters, and contain notes prescribing the use of 

storage space in terms of release schedules, runoff, nondamaging or other 

controlling flow rates downstream from the damsite, and other major 

factors as appropriate. 

These models can be run for various storm centerings.  As described above, 

1 storm centering for each basin was used for the 2012 CVFPP Reservoir 

Analysis.  Storm centerings are defined according to the location in the 
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basin where the highest intensity floodflows occur, although a storm may 

occur throughout the basin.  The process used to analyze each storm 

centering is described in Attachment 8A: Hydrology.  An overview of the 

storm centerings is provided later in this section. 

In the lower basin models, HEC-5 applies Muskingum routing (hydrologic 

routing) to simulate river routing that delays and attenuates flows as water 

travels downstream from a reservoir through river reaches.  Travel times 

and attenuation factors were determined through past studies, comparison 

with historical flood hydrographs, communication with local water 

agencies, and channel characteristics.  The routing coefficients were 

assumed to be the same for all storm AEPs. 

Figures 3-6 and 3-7 are HEC-5 lower basin model schematics for the 

Sacramento and San Joaquin river basins, respectively.  The triangle 

symbols represent reservoirs and riverine control points; circles represent 

other control points. 

HEC-5 requires a reservoir to be located at the most upstream location in a 

subreach; hence, riverine control points are represented as pseudo 

reservoirs (also known as dummy reservoirs).  Pseudo reservoirs do not 

model physical reservoirs, nor do they have any storage.  They are a 

modeling artifact for locations that receive diverted flows; flows simply 

pass through these locations without any regulation.  Table 3-5 lists 

reservoirs, as well as important notes and assumptions, simulated in the 

HEC-5 lower basin model for the Sacramento River Basin.  Table 3-5 also 

shows a similar list for the San Joaquin River Basin. 
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Source: USACE, 2002b 

Figure 3-6.  HEC-5 Schematic for Sacramento River Basin 
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Source: USACE, 2002b 

Figure 3-7.  HEC-5 Schematic for San Joaquin River Basin  
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HEC-5 Model Limitations 

The HEC-5 models represent Year 2000 reservoir operational criteria 

within the current flood management systems of the Sacramento and San 

Joaquin river basins.  HEC-5 simulates the regulated flow time series for 

hydraulic models (UNET) to perform detailed downstream hydraulic 

routing.  These models, developed for the Comprehensive Study, were 

updated as necessary for the 2012 CVFPP Reservoir Analysis. 

The hydrologic routing of HEC-5 allows modeling of floodflow conditions 

along the river mainstem below the reservoirs.  More detailed hydraulic 

models are required to predict site-specific flow conditions.  UNET models 

are the appropriate hydraulic tools to predict flow rates and water stages at 

various riverine locations inside the Sacramento and San Joaquin river 

basins.  However, the HEC-5 models provide reconnaissance-level flow 

evaluation of river mainstems for prefeasibility studies. 

These HEC-5 models have the following key assumptions and limitations: 

• Models were developed for use only with synthetic hourly 

hydrographs from January 1 through February 4.  To simulate other 

time steps or series, adjustments may need to be made. 

• FEMA requires that the starting storage of any headwater reservoir 

be established as that reservoir’s gross pool for floodplain studies. 

However, the Comprehensive Study simulations established starting 

storages of the headwater reservoirs as an average of their storages 

during the 1997, 1995, and 1986 Central Valley storm events. If the 

average storage thus computed was greater than gross pool, gross 

pool was used as the starting storage.  

• For the lower basin reservoirs, the starting storage was at the top of 

conservation pool.  This assumes a maximum basin wetness and 

thus, the required maximum available flood space. 
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Table 3-5.  HEC-5 Lower Basin Reservoirs in Sacramento and San Joaquin River Basins 

Reservoir River Owner Objective Flow 

Gross 
Pool 

Storage 
(TAF) 

Maximum 
Flood 
Space 
(TAF) 

Notes 

Sacramento River Basin 

Shasta Dam and Lake 
Sacramento 

River 
Reclamation 

Below dam – 79,000 cfs 
Bend Bridge – 100,000 cfs 

4,552 1,300 
 

Whiskeytown Dam and 
Lake 

Clear Creek Reclamation N/A 241 N/A No formalized flood space 

Black Butte Dam and 
Lake 

Stony Creek USACE Below dam – 15,000 cfs 144 136 
Up to 40 TAF of storage can be 
transferred based on storage in 
East Park and Stony Gorge 

Oroville Dam and Lake 
Oroville 

Feather River DWR 

Below dam – 150,000 cfs 
Gridley – 150,000 cfs 
Yuba City – 180,000 cfs 
Feather-Yuba River Junction – 
300,000 cfs 
Nicolaus – 320,000 cfs 

3,538 750 
 

New Bullards Bar Dam 
and Reservoir 

Yuba River YCWA 
Below dam – 50,000 cfs 
Marysville at Yuba River – 180,000 cfs 

970 170 
 

Folsom Dam and Lake 
American 

River 
Reclamation Below dam – 115,000 cfs 975 670 

Up to 200 TAF of storage can be 
transferred based on storage in 
French Meadows, Hell Hole, and 
Union Valley 

Clear Lake and Cache 
Creek Dam 

Cache Creek 
(South Fork) 

YCFC&WCD N/A 314 150 
No formalized flood space, but 
YCFC&WCD holds appropriative 
rights for up to 150 TAF per year.   

Indian Valley Dam and 
Reservoir 

Cache Creek  

(North Fork) 
YCFC&WCD 

Below dam – 10,000 cfs 
Rumsey – 20,000 cfs 

301 40 
 

Monticello Dam and 
Lake Berryessa 

Putah Creek Reclamation Below dam – 16,000 cfs 1,564 N/A No formalized flood space 
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Table 3-5.  HEC-5 Lower Basin Reservoirs in Sacramento and San Joaquin River Basins (contd.) 

Reservoir River Owner Objective Flow 

Gross 
Pool 

Storage 
(TAF) 

Maximum 
Flood 
Space 
(TAF) 

Notes 

San Joaquin River Basin 

Pine Flat Dam and Lake Kings River USACE 
Kings River North – 4,750 cfs 
Kings River South – 3,200 cfs 

1,000 475 
Up to 162 TAF of storage can be 
transferred based on storage in 
Courtright and Wishon 

Big Dry Creek Dam and 
Reservoir 

Dry Creek FMFCD Wasteway – 700 cfs 30 30 
Has been historically used for 
flood management, but cannot 
always be relied on 

Friant Dam and 
Millerton Lake 

San Joaquin 
River 

Reclamation 
Little Dry Creek – 8,000 cfs 
Mendota Gage – 6,500 cfs 

521 170 
Up to 85 TAF of storage can be 
transferred based on storage in 
Mammoth Pool 

Hidden Dam and 
Hensley Lake 

Fresno River USACE 
Fresno River at Madera Canal – 5,000 
cfs 

90 65 
 

Buchanan Dam and 
H.V. Eastman Lake 

Chowchilla 
River 

USACE 
Below dam – 7,000 cfs 
Chowchilla River at Madera Canal – 
7,000 cfs 

151 45 
 

Mariposa Dam and 
Reservoir 

Mariposa 
Creek 

USACE N/A 15 15 
 

Owens Dam and 
Reservoir 

Owens Creek USACE N/A 4 4 
 

Bear Dam and 
Reservoir 

Bear Creek USACE N/A 8 8 
 

Burns Dam and 
Reservoir 

Burns Creek USACE N/A 7 7 
 

New Exchequer Dam 
and Lake McClure 

Merced River MID Cressey – 6,000 cfs 1,025 350 
 

Los Banos Dam and 
Detention Reservoir 

Los Banos 
Creek 

Reclamation Los Banos – 1,000 cfs 35 14 
 

New Don Pedro Dam 
and Reservoir 

Tuolumne 
River 

TID 
Modesto (Tuolumne River below Dry 
Creek) – 9,000 cfs 

2,030 340 
 

New Melones Dam and 
Lake 

Stanislaus 
River 

Reclamation Orange Blossom Bridge – 8,000 cfs 2,420 450 
 

  



3
-2

2
 

J
a
n

u
a
ry

 2
0
1
2
 

 
P

u
b

lic
 D

ra
ft 

 

2
0
1
2
 C

e
n

tra
l V

a
lle

y
 F

lo
o

d
 P

ro
te

c
tio

n
 P

la
n

 
A

tta
c
h

m
e
n

t 8
B

: R
e
s
e
rv

o
ir A

n
a
ly

s
is

 

Table 3-5.  HEC-5 Lower Basin Reservoirs in Sacramento and San Joaquin River Basins (contd.) 

Reservoir River Owner Objective Flow 

Gross 
Pool 

Storage 
(TAF) 

Maximum 
Flood 
Space 
(TAF) 

Notes 

Tulloch Dam and 
Reservoir 

Stanislaus 
River 

Oakdale, So.  
San Joaquin 

ID 
Orange Blossom Bridge – 8,000 cfs 68 10 

Flow-through reservoir; generally 
releases are the same as New 
Melones except in high flows 

Farmington Dam and 
Reservoir 

Littlejohns 
Creek 

USACE Town of Farmington – 2,000 cfs 52 52 
 

Key: 
cfs = cubic feet per second 
DWR = California Department of Water Resources 
FMFCD = Fresno Metropolitan Flood Control District 
ID = Irrigation District 
MID = Merced Irrigation District 
N/A = Not applicable, no specified objective releases or flood storage allocation 
Reclamation = U.S. Department of the Interior, Bureau of Reclamation 
TAF = thousand acre-feet 
TID = Turlock Irrigation District 
USACE = U.S. Army Corps of Engineers 
YCFC&WCD = Yolo County Flood Control & Water Conservation District 
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• Guidelines established within each reservoir’s water control manual 

were strictly observed. 

• Some reservoirs with stepped release schedules rely on both the 

percentage of required flood control space used and peak inflow in 

determining flood releases. For these reservoirs, fixed percentages 

of required flood control space used were assumed. 

• Muskingum routing parameters were fixed for all simulated 

exceedence frequencies. 

• Local flows were either synthetically produced or were assumed to 

be a ratio of the short duration maxima of a nearby natural flow 

hydrograph. These ratio multipliers were not scaled for each 

simulated exceedence frequency. For more detailed studies, variable 

ratio multipliers based on floodflow frequency should be examined. 

• Calibration and verification were accomplished using Central 

Valley flood events in 1995 and 1997 and by comparing these to 

manual routings published in water control manuals. 

• It was assumed that all river channels have infinite capacity (i.e., all 

flows would be routed through the channels even if channel 

capacity was exceeded).  No losses, such as evaporation, seepage, 

and overbank flow due to levee breaks, were simulated. 

• HEC-5 cannot integrate concisely some of the operating criteria for 

some reservoirs. The multiparameter “Release Schedules” for Black 

Butte, Shasta, and Oroville lakes had to be written into the model 

by assuming one of the variable parameters to be constant.  Similar 

difficulties with Black Butte Dam (Ord Ferry) required that an 

operational point be excluded from the simulations.  Complications 

with the forecast capabilities of HEC-5 required that one of the 

operating points of Friant Dam be located outside the program’s 

forecast window. 

• The simulation program assumed near certainty in flow 

contributions from downstream tributaries when operating facilities 

for flows at that location or downstream from that location. 

Uncertainty in forecasting downstream flow contributions should be 

addressed in a risk analysis along with other variables affecting the 

operational efficiency of a reservoir. 

For more information about the capabilities of the HEC-5 simulation 

program and its basic assumptions and limitations, refer to the October 
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HEC-5 Simulation of Flood Control and Conservation Systems User’s 

Manual (USACE, 1998) and the December Comprehensive Study 

Reservoir Simulation Models User’s Guide (USACE, 2002b). 

Updates to Models 

Changes were made to the Comprehensive Study HEC-5 models to include 

the Feather-Yuba F-CO program and Folsom Dam JFP modifications.  It 

was assumed that implementing the SJRRP had no effect on flood 

operational criteria at Millerton Lake. 

Feather-Yuba F-CO Program   The goal of the F-CO program is to 

improve flood protection for communities along and downstream from the 

Yuba and Feather rivers without impacting the water supply of Lake 

Oroville and New Bullards Bar Reservoir.  This was accomplished through 

reducing peak floodflows via improved river flow forecasting and 

improved operational coordination between Lake Oroville and New 

Bullards Bar Reservoir (YCWA, 2008). 

To incorporate these changes into the model, the following two 

downstream control points for which New Bullards Bar Reservoir is 

operated were added to the HEC-5 model (as specified in the Reservoir 

Operations (RO) Points record): confluence of Yuba and Feather rivers, 

and Feather River at Nicolaus.  Adding these operational criteria points 

means that when channel capacity is close to being exceeded at these 

control points, Lake Oroville and New Bullards Bar Reservoir will modify 

their releases based on available flood storage space to maintain channel 

capacity.  To meet downstream channel capacities, the reservoir with the 

largest percentage of allocated flood storage still available would lower its 

releases more than the other reservoir. 

Folsom Dam JFP   As mentioned, the Folsom Dam JFP is a collaborative 

effort by Reclamation and USACE to address dam safety hydrologic risk at 

Folsom Lake and improve flood protection.  Among other modifications, 

this project will include a new auxiliary spillway, a change in Folsom Lake 

operational criteria capabilities provided by the new auxiliary spillway, 

improved weather forecast products, and alternative variable storage 

options.  The following text briefly summarizes key changes to Folsom 

Lake operational criteria.  Note that all routing assumptions documented in 

support of design decisions are subject to further refinement or 

optimization efforts via the Folsom Dam Permanent Operations (FPO) 

Study.  For more information on the changes to Folsom Lake, refer to the 

Folsom Dam Auxiliary Spillway Control Structure Draft Design 

Documentation Report (USACE, 2009) and http://www.usbr.gov/mp/jfp/ 

(Reclamation, 2009). 
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While the preferred method for incorporating Folsom Dam JFP changes 

would be to modify HEC-5, this did not accurately reflect the Folsom Dam 

JFP.  HEC-5 was not capable of accurately simulating the variable release 

diagram and design targets associated with the Folsom Dam JFP.  As a 

result, the HEC-ResSim model of the American River, developed by 

USACE, was used to simulate releases from Folsom Lake.  More details on 

incorporating the Folsom Dam JFP into the model are provided in the 

following HEC-ResSim subsections. 

Storm Events 

There were seven AEP storm events developed for the Comprehensive 

Study and were available to use for the 2012 CVFPP Reservoir Analysis 

(Table 3-6).  Another way of representing AEP is to use the inverse of the 

percent exceedence to describe the exceedence probability of a storm or 

flood using a return period, which is the long-term expected return period 

for a given exceedence. 

Table 3-6.  Comprehensive Study Simulated Frequency Events 

AEP (percent) Return Period 

50 2-year 

10 10-year 

4 25-year 

2 50-year 

1 100-year 

0.5 200-year 

0.2 500-year 
Key: 
AEP = annual exceedence probability 

In the HEC-5 Sacramento River Basin model, the following storm centers 

were developed for the Comprehensive Study: 

• Shasta Lake to Ord Ferry (Shasta centered) 

• Sacramento River at latitude of Ord Ferry
2
 (Ord Ferry centered) 

• Yuba River near Marysville (Yuba centered) 

• Feather River at Oroville (Oroville centered) 

• Sacramento River at latitude of Sacramento (Sacramento centered) 

                                                        
2
 All “at latitude” locations represent mainstem storm runoff centerings. 
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• American River at Fair Oaks (American centered) 

In the HEC-5 San Joaquin River Basin model, the following storm centers 

were developed for the Comprehensive Study: 

• San Joaquin River at Friant (Friant centered) 

• San Joaquin River at latitude of El Nido (El Nido centered)  

• San Joaquin River at latitude of Newman (Newman centered) 

• San Joaquin River at latitude of Vernalis (Vernalis centered) 

• Merced River at Exchequer (Exchequer centered) 

• Tuolumne River at Don Pedro (Don Pedro centered) 

According to Phase 1 objectives, which were to gain a high-level 

understanding of the two basins and run preliminary reservoir operational 

criteria change simulations, the storm events applied are essentially the 

same as those described above, except the following: 

• The 50 percent AEP events were not evaluated because it was 

anticipated that both the Sacramento and San Joaquin river basins 

can safely pass flows resulting from such frequent events. 

• It was recognized that while individual tributary storm centers could 

generate very different flow conditions for local tributaries, from a 

basin-wide perspective (which is the focus of CVFPP), tributary 

storm centers that are relatively close together would likely result in 

similar peak flow conditions along the Sacramento and San Joaquin 

rivers.  Storm centers for the Feather River at Oroville in the 

Sacramento River Basin and the Tuolumne River at Don Pedro in 

the San Joaquin River Basin were not evaluated because of the 

proximity of the storm centers to the Yuba River near Marysville 

and the Merced River at Exchequer, respectively. 

For Phase 2, fewer AEPs and storm centerings were selected to efficiently 

analyze a wide range of operational criteria changes while gaining a better 

understanding of how the system would react to these specific operational 

criteria changes.  Storm frequencies for the Phase 2 analysis were selected 

based on the ability of the reservoirs in the basin to manage floodflows, and 

of the Sacramento and San Joaquin rivers to convey flows within the 

channel capacity.  For the Sacramento River Basin, the 1 and 0.5 percent 

AEP storms were chosen to compare reservoir operational criteria 
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scenarios.  These AEPs were chosen because the channel capacity was 

generally not exceeded for the No Project condition in the Feather River 

Basin (which was the focus of Phase 2 changes) for storms that occurred 

more frequently than a 1 percent AEP.  If channel flows were within 

channel capacity, it was assumed that the system can safely convey the 

water without flooding adjacent areas.  Because flow was within channel 

capacity, operational criteria changes would not affect the volume of 

flooding.  While the 0.5 percent AEP storm occurs infrequently, and any 

benefit derived from operational changes would be minimal when 

distributed over the frequency of occurrence of large floods, it was 

included in this analysis because reservoir operational criteria changes have 

the potential to noticeably lower the channel flow rate in the Sacramento 

River Basin for a 0.5 percent AEP storm.  The 0.2 percent AEP storm was 

not used in the comparison because of the storm’s extremely infrequent 

nature. 

For the San Joaquin River Basin, the 2 and 1 percent AEP storms were 

chosen for preliminary comparisons of the reservoir operational criteria 

change scenarios.  Because of the generally lower channel capacity of this 

basin, storms that occur more frequently were selected.  The channel 

capacity was exceeded for the No Project condition in the downstream 

portion of the San Joaquin River for storms that occurred more frequently 

than a 2 percent AEP.  The 0.5 and 0.2 percent AEP storms were not used 

in the comparison because, as seen during the Phase 1 analysis, the 

magnitudes of these storms were so large that reservoir operational criteria 

changes alone would not be sufficient to keep flows within the channel 

capacity of most streams in the basin. 

The storm centerings used in Phase 2 to compare the No Project condition 

with reservoir operational criteria changes for the Sacramento and San 

Joaquin river basins are the Sacramento and Vernalis storm centerings, 

respectively.  These storm centerings were selected because they resulted in 

the highest simulated river stages (as determined using UNET) basin-wide 

for a majority of the AEPs (refer to Attachment 8C: Riverine Channel 

Evaluations for more details regarding UNET modeling).  Selecting one 

centering for each basin allowed the simulated effects of reservoir 

operational criteria changes throughout the basin to be easily compared. 

Locations 

In the Sacramento River Basin, observations at index points throughout the 

basin were used to demonstrate potential peak flow reduction from 

reservoir operational criteria changes (Table 3-7 and Figure 3-8). 

The Sacramento River at Ord Ferry was used in Phase 1 to indicate the 

effects of changes to Shasta Lake operational criteria.  Yuba City and 
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Marysville were selected because they had both previously experienced 

serious flooding, and river flows at these two locations are indicative of the 

effects of Oroville and New Bullards Bar reservoirs’ operational criteria 

changes, respectively.  The confluence of the Feather and Yuba rivers and 

Nicolaus were chosen to better describe the additive effect of the changes 

in operational criteria to Oroville and New Bullards Bar reservoirs.  

Changes in operation at Folsom Lake would affect the American River at 

the H and I Street gages.  Locations on the Sacramento River downstream 

from the Fremont Weir and at Freeport were selected to describe the 

collective effects to the Sacramento River from operational criteria changes 

for multiple upstream reservoirs. 

Table 3-7.  Sacramento River Index Point Locations for HEC-5 
Analysis 

Index Point Phase 1 Phase 2 

Sacramento River Downstream from 
Ord Ferry 

X N/A 

Feather River at Yuba City X N/A 

Yuba River at Marysville X N/A 

Confluence of Feather and Yuba Rivers X X 

Feather River at Nicolaus X X 

Sacramento River Downstream from 
Fremont Weir 

X N/A 

Confluence of Sacramento and Feather 
Rivers 

N/A X 

Sacramento River at I Street Gage N/A X 

Sacramento River at H Street Gage X N/A 

At Lake Oroville N/A X 

Sacramento River at Freeport X N/A 

Key: 
N/A = not applicable 

Phase 2 mainly focused on flow at the confluence of the Feather and Yuba 

rivers to observe the preliminary effects of reservoir operational criteria 

changes.  Flow at the confluence of the Feather and Yuba rivers is the 

farthest upstream location influenced by coordinated operations of both 

Lake Oroville and New Bullards Bar Reservoir, the two reservoirs analyzed 

in this phase.  Once the scenarios for further consideration were identified, 

flow effects at four additional index point locations were observed  

(Table 3-7).  

In the San Joaquin River Basin, observations at index points throughout the 

basin were used to demonstrate potential peak flow reduction from 

reservoir operational criteria changes (Table 3-8 and Figure 3-9). 
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Figure 3-8.  Sacramento River Basin HEC-5 Index Point Locations 
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Table 3-8.  San Joaquin River Index Point Locations for HEC-5 
Analysis 

Index Point Phase 1 Phase 2 

Near Mendota X N/A 

Chowchilla Bypass near 
Fresno River 

N/A X 

El Nido X X 

Near Newman X X 

At Maze Road Bridge N/A X 

Near Vernalis X X 

Stockton X X 

Key: 
N/A = not applicable 

The index point near Mendota was selected because it is downstream from 

Millerton Lake.  For Phase 2, the Chowchilla Bypass near the Fresno River 

was selected because most of the floodflows would be routed through the 

Chowchilla Bypass.  El Nido, near Newman, at Maze Road Bridge, and 

near Vernalis are located on the mainstem of the San Joaquin River and 

were chosen because they are located downstream from the confluences of 

tributaries with major multipurpose reservoirs.  Stockton was selected 

because it is the most downstream location in the HEC-5 model and would 

show the collective effects of multiple reservoir operational criteria 

changes. 

Similar to the Sacramento River Basin, Phase 2 mainly focused on flow at 

one location in the San Joaquin River Basin, at Stockton, to observe the 

preliminary effects of reservoir operational criteria changes.  Once the 

scenarios for further consideration were identified, flow effects at five 

additional index point locations were observed (Table 3-8). 

Operational Criteria Changes 

Changes in reservoir operational criteria were incorporated into HEC-5 for 

multipurpose reservoirs within the Central Valley.  Similar to the 

Comprehensive Study, this 2012 CVFPP Reservoir Analysis assumed that 

the most likely operational criteria changes would be as follows: 

• Changes to the flood management rule curves (i.e., increasing the 

amount of space dedicated to flood storage) 

• Changes to the objective flow to which the reservoir is operated 
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Figure 3-9.  San Joaquin River Basin HEC-5 Index Point Locations 
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The flood management rule curve used in HEC-5 was modified through 

increasing the amount of required flood space in a reservoir by lowering 

the parameters in the model that represent the top of conservation pool (see 

Figure 3-5 for a simple flood rule curve).  While increasing the required 

flood space could also be achieved through physical changes, no 

modifications to the total reservoir capacity or appurtenances were made 

for this analysis, but some reservoirs required modification of spillway 

operation parameters in HEC-5 for operational criteria consistent with the 

new flood storage level.
3
 

For each scenario, it was assumed that the starting storage for all lower 

basin reservoirs was at the top of conservation pool; hence, increasing the 

available flood storage decreased the starting storage for each reservoir. 

Decreasing the objective release in the HEC-5 models would lower the 

magnitude of flows being released from a reservoir until reservoir storage 

reached gross pool and emergency spillway operations began.  Objective 

releases were decreased by lowering the maximum flow limit at 

downstream operating points and downstream channel capacities based on 

reservoir level.  Reservoir diversions and gate regulations associated with 

flow rates were also modified, when applicable. 

Systemwide Peak Flow Reduction 

As described, HEC-5 was used to observe the effect of changes to reservoir 

operational criteria on peak flow at key index point locations throughout 

the basins.  The peak flows are not the exact flows that would occur in an 

actual flood because the channel routing in HEC-5 simulates attenuation 

and travel time, but not losses from the channel.  As a result, levee breaks 

are not included in the model, but for downstream locations and large storm 

events, it is possible, or even likely in some cases, that levee breaks would 

have occurred upstream, thereby reducing flows in the downstream reaches 

of the river.  This analysis focuses on the relative change in downstream 

peak flows resulting from scenarios that simulated changes in reservoir 

operational criteria, and not absolute simulated peak flows. 

                                                        
3
 Scenarios that lower the top of conservation pool become 50 percent encroached at a 
lower volume, causing emergency spillway operations to begin at an earlier time.  For 
example, if the original top of conservation pool is at 100 TAF and the gross pool is at 
200 TAF, the reservoir is 50 percent encroached when the volume is 150 TAF.  If the top 
of conservation pool is lowered by 50 TAF, emergency spillway operations would begin at 
125 TAF (50 percent encroached).  Instead of gate operations being related to the 
percentage encroached, this analysis assumed that emergency spillway operations 
began at the same volume as for the No Project condition.  As a result, for this example, 
the HEC-5 data file was modified such that emergency spillway operations occurred at 
150 TAF in both cases (i.e., at 67 percent encroached in the scenario). 
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The timing, magnitude, and duration of flow into rivers and tributaries 

varies, depending on the storm centering and AEP; hence, one operational 

criteria change would not always have the same effect at every index point 

location.  As a result, for each basin, Phase 2 focused on only one storm 

centering (Sacramento storm centering for the Sacramento River Basin and 

Vernalis storm centering for the San Joaquin River Basin) and two AEPs 

during the basin-wide sensitivity analysis to better compare the effects of 

operational criteria changes. 

3.5.2 HEC-ResSim Model Specifications 

USACE has been developing new HEC-ResSim models as part of the 

DWR and USACE Central Valley Hydrology Study.  USACE has 

completed the calibration of the new HEC-ResSim models for the 

Sacramento and San Joaquin river basins using HEC-5 Comprehensive 

Study hydrology.  These HEC-ResSim models are currently undergoing 

quality assurance and quality control; the models have not yet been 

released to the public (USACE, 2010). 

As described above, HEC-ResSim was used to supplement the HEC-5 

model because the HEC 5 model (developed during the Comprehensive 

Study) does not include the Folsom Dam JFP modifications.  To simulate 

Folsom Dam JFP operational criteria effects on Folsom Lake, the following 

changes to Folsom Lake operational criteria were incorporated into HEC-

ResSim: (1) updated model inputs (i.e., spillway ratings and capacity 

curve), (2) modified flood space requirements, (3) updated Emergency 

Spillway Release Diagram (ESRD), and (4) changed operational criteria to 

reflect new design targets. 

The updated model inputs include 1997 outlet ratings and new auxiliary 

spillway with a capacity of 138,519 cfs at elevation 418 feet.  Flood space 

requirements were modified in accordance with the new water control 

diagram for Folsom Lake.  This will reduce the variable flood storage 

allocation from the current operating range of 400 TAF to 670 TAF to 400 

TAF to 600 TAF once improvements to Folsom Dam are completed 

(according to the federal Water Resources Development Act of 1999).  

Also, emergency spillway operations were modified to reflect the updated 

ESRD.  Operational criteria for Folsom Dam and Lake were changed to 

reflect new design targets.  These targets included limiting the discharge 

for the 1 percent AEP storm event to 115,000 cfs, and discharge for the 0.5 

percent AEP storm event to 160,000 cfs. 

The HEC-ResSim model used to establish the No Project condition at 

Folsom Lake was developed by USACE and is in draft form with an 

unknown completion date.  USACE is currently refining the HEC-ResSim 

model used in this analysis, which will include all of the Folsom Dam JFP 
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modifications listed above.  While incomplete, this HEC-ResSim model 

was selected because it is the best available model and, in general, it 

accurately simulates the changes to Folsom Dam and Lake.  Once all 

storms were routed through HEC-ResSim, the time series of Folsom Dam 

and Lake releases were input into HEC-5, and the rest of the Sacramento 

River Basin was simulated. 

For more information about the capabilities of this model, refer to the April 

2007 HEC-ResSim Reservoir System Simulation User’s Manual (USACE). 

3.5.3 UNET Model Specifications 

UNET is designed to simulate 1-D, fully unsteady flow through a full 

network of open channels, weirs, bypasses, and storage areas.  It is a fixed-

bed analysis and does not account for sediment movement, scour, or 

deposition.  UNET assumes no exchange with groundwater, but is capable 

of simulating levee breaks and breaches (USACE, 2002c). For more 

information about the capabilities of this model, refer to the August 1997 

UNET: One-Dimensional Unsteady Flow Through a Full Network of Open 

Channels User’s Manual (USACE) and Comprehensive Study Technical 

Studies Documentation, Appendix C – Hydraulic Technical Documentation 

(USACE, 2002d). 

Separate UNET models were developed for the Sacramento River system 

and San Joaquin River system.  The UNET models can be used to 

determine river flow, stage, velocity, and depth, as well as breakout and 

return flows from overbank areas.   

Changes made to the UNET model for the 2012 CVFPP studies are 

documented in Attachment 8C: Riverine Channel Evaluations. 

Storm Events 

Inputs to the UNET model come from the HEC-5 model; therefore, the 

same storm centerings were used as for the Phase 2 HEC-5 hydrologic 

modeling, Sacramento and Vernalis. 

Because only two scenarios were validated using UNET, all six (10, 4, 2, 1, 

0.5, and 0.2 percent) AEP storms were run to assess the simulated effects 

of these scenarios on flood management.  This enabled a thorough 

comparison of simulated effects for a range of channel flow magnitudes. 

Locations 

In the Sacramento River Basin, four index point locations were used to 

demonstrate the potential stage reduction from the two scenarios (Figure 3-

10): 
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• Feather River and Yuba River confluence 

• Feather River at Nicolaus 

• Yolo Bypass at Lisbon 

• Sacramento River at the I Street gage 

The first two locations were selected because they are common flood 

management operation objectives for both Lake Oroville and New Bullards 

Bar Reservoir.  The Yolo Bypass at Lisbon and Sacramento River at I 

Street gage are two of the most downstream locations and would show the 

systemwide effects of reservoir operational criteria changes. 

In the San Joaquin River Basin, four index point locations were used to 

demonstrate potential stage reduction from reservoir operational criteria 

changes (Figure 3-11): 

• San Joaquin River near Newman 

• San Joaquin River at Maze Road Bridge 

• San Joaquin River near Vernalis 

• San Joaquin River at Stockton 

The San Joaquin River Basin index points are all located downstream from 

the Merced River.  These locations were selected because they are on the 

mainstem and would reflect changes to each of the five identified 

reservoirs’ operational criteria (see Table 3-4). 

Out-of-channel flow was aggregated for most reaches throughout the 

Sacramento and San Joaquin river basins. 
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Figure 3-10.  Sacramento River Basin UNET Index Point Locations 
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Figure 3-11.  San Joaquin River Basin UNET Index Point Locations
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4.0 No Project System Performance 

This section provides an overview of No Project system performance of the 

Sacramento and San Joaquin river basins as simulated in HEC-5 (and 

supplemented by HEC-ResSim for the American River).  The ability of 

reservoirs to manage a range of flood events under their No Project 

operational criteria is described. 

4.1 Sacramento River Basin 

As described in Section 3, Sacramento River Basin No Project condition 

includes the original Comprehensive Study HEC-5 assumptions plus the 

modifications associated with the Folsom Dam JFP and F-CO program. 

Table 4-1 shows HEC-5 simulated results for the No Project condition 

compared to stated channel capacities.  Striped cells in the table indicate 

peak flows in excess of, but within 3 percent of the channel capacity. 

Shaded cells in the table indicate peak flows in excess of the channel 

capacity. The table also shows that the current Sacramento River system 

can withstand different frequencies of storms, depending on location.  For 

example, on the Feather River, system flood protection would be slightly 

below a 2 percent AEP storm.  At the I Street gage, the objective flow was 

within 3 percent of its channel capacity for storms with a 1 percent or more 

frequent AEP. 

The ability of reservoirs to operate within their objective release also varies 

depending on storm magnitude.  For both 1 and 0.5 percent AEP 

Sacramento-centered storms, Shasta Lake, Lake Oroville, and Folsom Lake 

can operate within their objective releases.  Unlike other major 

multipurpose reservoirs, New Bullards Bar Reservoir has a simulated 

inflow of 3 TAF and 64 TAF in excess of available flood storage that could 

not be managed for 1 and 0.5 percent AEP Sacramento-centered storms, 

respectively (Figure 4-1). 
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Table 4-1.  Simulated Sacramento River Basin Objective Flow Exceedence for No 
Project Condition for Sacramento-Centered Storm 

Index Point 
Location 

Peak Flow of Flood Event (cfs) 

Channel 
Capacity 

(cfs) 

10 percent 
AEP 

4 percent  
AEP 

2 percent 
AEP 

1 percent 
AEP 

0.5 percent 
AEP 

0.2 percent 
AEP 

Feather and Yuba 
River Junction 

300,000 179,717 270,028 276,070 276,712 359,036 587,901

Feather River at 
Nicolaus 

320,000 208,764 309,737 320,129 327,445 420,103 656,064

Sacramento and 
Feather River 
Junction 

410,000 323,838 444,372 473,955 499,559 614,891 877,461

Sacramento River 
near I Street Gage 

110,000 95,224 111,611 112,268 112,167 130,042 224,649 

Model: HEC-5 

Note: 
Striped cells indicate peak flows in excess of the channel capacity, but within 3 percent of the channel capacity. 
Shaded cells indicate peak flows in excess of the channel capacity. 

Key: 
AEP = Annual Exceedence Probability 
cfs = cubic feet per second 
Sacramento-Centered = Storm centered at Sacramento River at latitude of Sacramento 



4.0 No Project System Performance 

January 2012 4-3 
Public Draft 

 
* Note: Assumes a maximum objective release of 160,000 cfs during large storm events. 

Figure 4-1.  Volume of Inflow in Excess of Currently Available Flood Storage for 1 
and 0.5 Percent AEP Sacramento-Centered Storms for No Project Condition 
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Figures 4-2 and 4-3 show the No Project condition for the Feather and 

Yuba rivers during 1 and 0.5 percent AEP storms.  The Yuba River 

contributes nearly half of the flow at the confluence of the Feather and 

Yuba rivers, but less than half of Yuba River flow is regulated by New 

Bullards Bar Reservoir on the North Fork Yuba River.  The figures also 

show that while Lake Oroville stays within its objective release of 150,000 

cfs below the dam for both AEP storms, this high objective release 

substantially contributes to peak downstream flows. 

 
Figure 4-2.  Simulated No Project Condition for 1 Percent AEP 
Sacramento-Centered Storm 
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Figure 4-3.  Simulated No Project Condition for 0.5 Percent AEP 
Sacramento-Centered Storm 

Observations of system performance for the No Project condition during 1 

and 0.5 percent AEP Sacramento-centered storms include the following: 

• Lake Oroville is appropriately sized to manage at least a 0.5 percent 

AEP Sacramento-centered storm. 

• Lake Oroville’s objective flow downstream from Oroville Dam is 

half of the channel capacity at the confluence of the Feather and 

Yuba rivers. 

• New Bullards Bar Reservoir exceeds its objective release during 1 

and 0.5 percent AEP Sacramento-centered storms. 

• Less than half of Yuba River flow is regulated by New Bullards Bar 

Reservoir. 

• The Yuba River contributes to half or more of the peak flow at the 

Feather-Yuba river junction. 

4.2 San Joaquin River Basin 

No Project flow conditions in the San Joaquin River Basin were simulated 

using HEC-5.  No changes to Comprehensive Study HEC-5 assumptions 
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for reservoir operational criteria for the San Joaquin River Basin were 

made for this analysis.  Table 4-2 shows simulated peak flows in the San 

Joaquin River Basin at various locations on the mainstem under the six 

flood events resulting from a Vernalis-centered storm. Shaded cells in the 

table indicate peak flows in excess of the channel capacity 

Table 4-2.  Simulated San Joaquin River Basin Objective Flow Exceedence for No 
Project Condition for Vernalis-Centered Storm 

Index Point 
Location 

Channel 
Capacity 

(cfs) 

Peak Flow of Flood Event (cfs) 

10 percent 
AEP 

4 percent  
AEP 

2 percent 
AEP 

1 percent 
AEP 

0.5 percent 
AEP 

0.2 percent 
AEP 

Chowchilla 
Bypass near 
Fresno River 

10,000 7,447 9,485 12,577 24,024 37,405 55,805

El Nido 16,500 12,070 16,566 22,262 36,672 62,441 98,012

Newman 45,000 21,713 27,575 32,494 62,665 98,090 154,357

At Maze Road 
Bridge 

46,000 30,407 37,097 55,020 92,051 135,191 214,299

Near Vernalis 52,000 35,564 44,856 62,342 98,864 150,109 250,309

Stockton
1 

52,000* 36,883 46,582 63,128 98,194 150,627 250,132

Model: HEC-5 
Note: 
1
 HEC-5 models Stockton as downstream from the confluence of the San Joaquin River and Littlejohns Creek, and no flow is 

diverted to other tributaries.  Assumed channel capacity would remain the same as at Vernalis. 
Shaded cells indicate peak flows in excess of the channel capacity. 

Key: 
AEP = annual exceedence probability 
cfs = cubic feet per second 
Vernalis-Centered = Storm centered at San Joaquin River at latitude of Vernalis 

According to the HEC-5 simulation, at most locations, the San Joaquin 

River system capacity is only sufficient for storms at or more frequent than 

a 4 percent AEP.  For a 2 percent AEP Vernalis-centered storm, only three 

of the five major multipurpose flood reservoirs are able to operate without 

exceeding objective releases.  Millerton Lake and New Don Pedro 

Reservoir have a simulated 2 TAF and 86 TAF, respectively, of inflow in 

excess of available flood storage (Figure 4-4). 

For a 1 percent AEP Vernalis-centered storm, Millerton Lake and New 

Don Pedro Reservoir are unable to stay within their objective releases, and 

have 61 TAF and 224 TAF more inflow, respectively, than they can 

manage (Figure 4-4).  Lake McClure also has a simulated inflow of 99 

TAF in excess of available flood storage. 
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Figure 4-4.  Volume of Inflow in Excess of Currently Available Flood Storage for 2 
and 1 Percent AEP Vernalis-Centered Storms for No Project Condition 
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H.V. Eastman and New Melones reservoirs are able to operate within their 

objective releases for both the 2 and 1 percent AEP storms. 

When a reservoir makes releases in excess of objective release targets, it 

almost always exceeds the channel capacity just downstream from the 

reservoir and also has a higher potential to contribute to exceeding channel 

capacity downstream in the river system.  Unlike the Sacramento River 

Basin, which has a complex system of weirs and bypasses, the majority of 

reservoir releases in the San Joaquin River Basin flow directly into the 

mainstem San Joaquin River.  As a result, it is possible to evaluate the 

impact of reservoir releases above objective flow targets on the system at a 

reconnaissance level. 

For a 2 percent AEP Vernalis-centered storm, channel capacity in the San 

Joaquin River at Stockton is exceeded under the No Project condition 

(Figure 4-5).  If all of the multipurpose reservoirs operated within their 

objective releases, channel capacity at Stockton would not be exceeded, as 

shown by the grey shaded area.  H.V. Eastman and New Melones 

reservoirs are not shown in the figure because they operate within the 

objective release (i.e., no flood releases).  Releases from New Don Pedro 

Reservoir above its Tuolumne River flow objective were the main 

contributor to channel capacity in Stockton being exceeded. 

 
Note: 
Reservoir flood releases mean reservoir releases are above their objective releases. 

Figure 4-5.  Simulated Reservoir Contributions to Flow at Stockton 
for 2 Percent AEP Vernalis-Centered Storm for No Project Condition 
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As shown in Figure 4-6, for a 1 percent AEP storm, the highest peak flow 

in the San Joaquin River at Stockton is predominantly influenced by New 

Don Pedro Reservoir.  Lake McClure and Millerton Lake also release flows 

above their objective releases and contribute to high flows at Stockton, but 

their contributions occur later in the storm event and do not affect the 

highest peak flow at Stockton.  If the reservoirs were operated to not 

exceed their objective releases, flows at Stockton would be close to staying 

within the channel capacity (as shown by the top of the grey shaded area 

being close to the dotted channel capacity line). 

 
Note:  
Reservoir flood releases mean reservoir releases are above their objective releases. 

Figure 4-6.  Simulated Reservoir Contributions to Flow at Stockton 
for 1 Percent AEP Vernalis-Centered Storm for No Project Condition 
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storms of greater magnitude. 
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• New Don Pedro Reservoir is the sole contributor to peak flow at 

Stockton for a 1 percent AEP Vernalis-centered storm. 

• H.V. Eastman and New Melones reservoirs do not exceed their 

respective objective release targets for either Vernalis-centered 

storm frequency. 

• Lake McClure is appropriately sized to manage a 2 percent AEP 

Vernalis-centered storm. 

• The effect of Millerton Lake exceeding its objective release for San 

Joaquin River flows in Stockton is not observed until late in the 

simulated storm because of the long travel distance. 
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5.0 Basin-Wide Sensitivity to 
Changes in Reservoir 
Operational Criteria 

This section summarizes the sensitivity of reservoir operational criteria 

changes on individual and basin-wide bases.  First, multiple changes were 

made to reservoirs’ operational criteria to determine how the reservoirs and 

the system would react to operational criteria changes. Next, the 

operational criteria changes were incrementally refined to determine which 

modifications were most effective in yielding flood risk management 

benefits.  Lastly, as described in Section 6, the operational criteria changes 

that yielded high flood benefits, as simulated in HEC-5, were used to 

identify the two scenarios considered for the Enhance Flood System 

Capacity Approach. 

Changes in reservoir operational criteria were simulated in HEC-5 for 

multipurpose reservoirs within the Central Valley.  Operational criteria 

changes explored in this analysis included the following: 

• Changes to the flood management rule curves (i.e., increasing the 

amount of space dedicated to flood storage) 

• Changes to the objective flow to which a reservoir is operated 

• Changes to the reservoir release diagram 

• Addition of coordinated reservoir operating locations 

5.1 Sacramento River Basin Operational Criteria 
Changes 

The basin-wide sensitivity analysis was completed in two phases (as 

described in Section 3).  Phase 1 explored how the system would react to 

simultaneous operational criteria changes at multiple reservoirs and 

identified which reservoirs have the greatest potential to benefit the system.  

Phase 2 made incremental operational criteria changes to the identified 

reservoirs. 
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The 16 scenarios from Phase 1 and Phase 2 in the Sacramento River Basin 

are summarized in Table 5-1.  During the Phase 1 analysis, six scenarios 

with modified operational criteria at Lake Oroville, New Bullards Bar 

Reservoir, Folsom Lake, and Shasta Lake were run. 

5.1.1 Phase 1 

Main findings and recommendations from Phase 1 of the 2012 CVFPP 

Reservoir Analysis in the Sacramento River Basin are summarized as 

follows: 

• The Feather-Yuba River Basin is potentially sensitive to operational 

criteria changes.  Modifications to Lake Oroville and New Bullards 

Bar Reservoir resulted in peak flow reduction in the Feather-Yuba 

River Basin.  Although attenuated, similar effects were observed on 

the Sacramento River and in the Yolo Bypass. 

• There was no noticeable effect from operational criteria changes to 

Shasta Lake and Folsom Lake. 

• Phase 2 of the 2012 CVFPP Reservoir Analysis should focus on 

Lake Oroville and New Bullards Bar Reservoir. 

5.1.2 Phase 2 

For Phase 2, 10 scenarios with modified Lake Oroville and New Bullards 

Bar Reservoir operational criteria were run.  One scenario that modified 

Lake Oroville operational criteria was identified during Phase 2 for the 

Sacramento River Basin and is discussed in further detail in Section 7. 

Shasta Lake operational criteria changes were not explored in Phase 2 

because of the large magnitude of unregulated flows entering from 

tributaries downstream from Shasta Lake that overwhelms changes made to 

Shasta Lake operational criteria.  For example, the simulated 1 percent 

AEP storm peak flow for the No Project condition from Shasta Lake was 

74,000 cfs, while its downstream tributary, Cottonwood Creek, had a larger 

peak flow of 97,400 cfs for the same storm. 

Folsom Lake operational criteria changes were not explored in Phase 2 

because Folsom Lake operational criteria have recently been changed 

through the Folsom Dam JFP.  These modifications were included in the 

No Project condition model. 
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Table 5-1.  Sacramento River Basin Reservoir Operational Criteria Changes and Peak Flow Reduction for 1 Percent AEP 
Sacramento-Centered Storm 

 

Scenario 

Flood Storage Added by Reservoir
1
 

(1,000 acre-feet)
 

Shasta 
Lake 

Objective 
Release 
Changes 

(cfs) 

Lake 
Oroville 
Release 

Schedule 
Changes

2
 

Description 

Peak Flow 
Reduction 
(percent)

3 

Lake 
Oroville 

New 
Bullards 

Bar 
Reservoir 

Folso
m 

Lake 

Shast
a Lake 

Total 
At 

Nicolaus 
At 

Freeport 

P
h
a
s
e
 1

 

SAC-1 100 50   150   Evaluate the sensitivity of 
each reservoir to flows in 
the Sacramento River 
Basin. 

2.1 0.1 

SAC-2 150 50   200   1.0 0.1 

SAC-3 250 100   350   0.2 0.2 

SAC-4 250 100 107  457   0.2 0.2 

SAC-5 250 100  500 850   0.2 0.2 

SAC-6 250 100  500 850 79,000 to 
75,000 

 0.2 0.2 

P
h
a
s
e
 2

 

SAC-7 100 100   200   Combine Lake Oroville 
and New Bullards Bar 
Reservoir. 

2.1 0.1 

SAC-8 250 150   400   0.2 0.2 

SAC-9 500 200   700   2.2 0.5 

SAC-10  100   100   Isolate New Bullards Bar 
Reservoir effects. 

0.0 0.1 

SAC-11  150   150  C 2.5 -0.5 

SAC-12 100    100  A Isolate Lake Oroville 
effects. 

1.7 0.4 

SAC-13 200    200   -0.1 0.1 

SAC-14 200    200  B -0.4 0.6 

Sacramento 
Scenario  

200    200  C 3.8 -1.0 

SAC-15 200 50   250  C Combine Lake Oroville 
and New Bullards Bar 
Reservoir operational 
criteria changes. 

4.4 -0.8 

Note:  
1
  Blank cells represent no changes to operational criteria. 

2  
See Lake Oroville Release Schedule Modifications Table (Table 5-2) for more details. 

3 
Negative peak flow reductions correspond to an increase in peak flow. 

Key: 
AEP = annual exceedence probability 
cfs = cubic feet per second 
SAC = Sacramento 
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5.1.3 Oroville Dam and Lake Oroville 

The Feather River is sensitive to changes in Lake Oroville’s operational 

criteria.  Currently, Lake Oroville can operate near its objective release for 

up to a 0.5 percent AEP Sacramento-centered storm.  Despite both Lake 

Oroville and New Bullards Bar Reservoir operating within their objective 

releases, downstream channel capacities at some locations are exceeded 

during a 1 percent AEP Sacramento-centered storm. 

During the basin-wide sensitivity analysis, Lake Oroville’s flood storage 

allocation was increased, but this did not produce a noticeable reduction in 

reservoir releases.  The release schedule of a reservoir is not only a 

function of storage in the reservoir, but also inflow into the reservoir.  As a 

result, the release schedule at Lake Oroville was modified such that the 

maximum objective release of 150,000 cfs would not occur until there was 

a higher reservoir inflow than under current conditions.  This change was 

made in conjunction with an increase in flood storage to allow the reservoir 

to manage more water while still permitting releases to be governed by 

inflow rather than operational criteria for flood pool.  Three release 

schedule modifications were explored (Table 5-2). 

Table 5-2.  Lake Oroville Release Schedule Modifications 

No Project A B C 

Inflow 
(cfs) 

Release 
Capacity 

(cfs) 

Inflow 
(cfs) 

Release 
Capacity 

(cfs) 

Inflow 
(cfs) 

Release 
Capacity 

(cfs) 

Inflow 
(cfs) 

Release 
Capacity 

(cfs) 

1 15,000 1 15,000 1 15,000 1 15,000 

30,000 15,000 30,000 15,000 30,000 15,000 30,000 15,000 

30,005 60,000 30,005 70,000 30,005 60,000 30,005 60,000 

120,000 60,000 120,000 70,000 120,000 60,000 120,000 60,000 

120,005 100,000 120,005 100,000 120,005 80,000 120,005 80,000 

175,000 100,000 175,000 100,000 200,000 80,000 300,000 80,000 

175,005 150,000 175,005 150,000 200,005 150,000 300,005 150,000 

900,000 150,000 900,000 150,000 900,000 150,000 900,000 150,000 

Key: 
cfs = cubic feet per second 

5.1.4 New Bullards Bar Dam and Reservoir 

For the No Project condition, New Bullards Bar Reservoir is generally able 

to operate within its objective release criteria for 1 percent AEP or more 

frequent storms.  Operational criteria changes to New Bullards Bar 

Reservoir could lower its peak releases, but its effect on the system is 

minimal.  As shown in Figure 5-1, less than half of the Yuba River flow at 
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Marysville is regulated by New Bullards Bar Reservoir on the North Yuba 

River; the remaining flow comes from the unregulated Middle and South 

Yuba rivers.  Because New Bullards Bar Reservoir regulates less than half 

of the Yuba River flows, operational criteria changes did not produce large 

downstream flood risk management benefits. 

 
Figure 5-1.  Yuba River Flow for 1 Percent AEP Sacramento-Centered 
Storm – No Project Condition 

For more infrequent storms (0.5 and 0.2 percent AEPs), when New 

Bullards Bar Reservoir would be forced to make releases in excess of 

objective release targets, additional flood storage does improve 

downstream channel flow conditions.  Adding flood storage would allow 

the reservoir to release flows closer to its objective release targets.  For 

example, adding 100 TAF of storage decreases flow at Marysville from 

approximately 195,800 cfs to 186,500 cfs for a 0.5 percent AEP 

Sacramento-centered storm. 

5.2 San Joaquin River Basin Operational Criteria 
Changes 

The 33 scenarios from Phase 1 and Phase 2 in the San Joaquin River Basin 

are summarized in Table 5-3.  During the Phase 1 analysis, 17 scenarios 

were run that modified operational criteria at Millerton Lake, H.V. Eastman 

Lake, Lake McClure, New Melones Reservoir, and New Don Pedro 

Reservoir.
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Table 5-3.  San Joaquin River Basin Reservoir Operational Criteria Changes and Peak Flow Reduction for 1 Percent 
AEP Vernalis-Centered Storm 

 

Scenario 

Flood Storage Added by Reservoir
1
 (1,000 acre-feet) 

Objective Release 
Changes by 

Reservoir (cfs) 
Description 

Peak Flow 
Reduction 

at Stockton 
(percent)

2 

Millerton 
Lake 

H.V. 
Eastman 

Lake 

Lake 
McClure 

New Don 
Pedro 

Reservoir 

New 
Melones 

Reservoir 
Total 

P
h

a
s
e
 1

 

A-1 
 

45 
  

100 145 
 

No Millerton Lake 
changes. 0 

B-1 25 
    

25 
 Isolate Millerton Lake 

effects. 

0 

C-1 50 
    

50 
 

0 

C-2 50 
    

50 
New Don Pedro 

Reservoir:  
9,000 to 11,000 

Combine upper San 
Joaquin River 
reservoirs. 

9 

C-3 50 
 

25 
 

50 125 
 

6 

C-4 50 
 

25 25 
 

100 
 

11 

C-5 50 
 

25 25 
 

100 
New Melones 

Reservoir:  
8,000 to 6,000 13 

C-6 50 
 

50 
  

100 
 

6 

C-7 50 
 

50 
  

100 
Lake McClure: 6,000 

to 5,000 6 

D-1 85 
    

85 
 

1 

D-2 85 45 
   

130 
 

Isolate Millerton Lake 
effects. 1 

D-3 85 45 
   

130 
New Melones 

Reservoir:  
8,000 to 6,000 

Combine upper San 
Joaquin River 
reservoirs. 

8 

D-4 85 45 
 

100 
 

230 
 

10 

D-5 85 45 
  

100 230 
 

1 

D-6 85 45 25 
 

100 255 
 

6 

D-7 85 45 100 
  

230 
 

1 

D-8 85 45 100 
 

150 380 
 

6 
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Table 5-3.  San Joaquin River Basin Reservoir Operational Criteria Changes and Peak Flow Reduction for 1 Percent 
AEP Vernalis-Centered Storm (contd.) 

 

Scenario 

Flood Storage Added by Reservoir
1 
(1,000 acre-feet)

 

Objective 
Release 

Changes by 
Reservoir (cfs) 

Description 

Peak Flow 
Reduction at 

Stockton 
(percent)

2 

Millerton 
Lake 

H.V. 
Eastman 

Lake 

Lake 
McClure 

New Don 
Pedro 

Reservoir 

New 
Melones 

Reservoir 
Total 

P
h

a
s
e
 2

 

SJQ-1
 

300 
    

300 
 

Assume construction of 
Temperance Flat Dam. 

3 

SJQ-2 
  

25 
  

25 
 

Isolate Lake McClure 
effects. 

0 

SJQ-3 
  

50 
  

50 
 

0 

SJQ-4 
  

100 
  

100 
 

0 

SJQ-5 
  

150 
  

150 
 

0 

SJQ-6 
   

25 
 

25 
 

Isolate New Don Pedro 
Reservoir effects. 

5 

SJQ-7 
   

100 
 

100 
 

10 

SJQ 7a 
   

230 
 

230 
 

20 

SJQ-8 
   

275 
 

275 
 

20 

SJQ-9 
   

300 
 

300 
 

20 

SJQ-10 
     

0 
New Don Pedro 

Reservoir:  
9,000 to 12,000 

7 

SJQ-11 
   

160 
 

160 
New Don Pedro 

Reservoir:  
9,000 to 12,000 

16 

San Joaquin 
Scenario  

60 
 

100 230 
 

390 
 

Combine effect of 
reservoirs based on 
volume of 
unmanageable inflow. 

34 

SJQ-12 100 
 

150 300 
 

550 
 

44 

SJQ-13 
  

100 230 
 

330 
 

25 

SJQ-14
3
 

  
100 230 

 
330 

 

Include coordination 
operations. 

25 

Note: 
1
  Blank cells represent no changes to operational criteria. 

2
  Rounded to the nearest percent.

 

3
  Added coordinated operation point at Maze Road for Lake McClure and New Don Pedro Reservoir. 

Key: 
AEP = annual exceedence probability 
cfs = cubic feet per second  



2012 Central Valley Flood Protection Plan 
Attachment 8B: Reservoir Analysis 

5-8 January 2012 
 Public Draft 

5.2.1 Phase 1 

The main findings and recommendations from Phase 1 of the 2012 CVFPP 

Reservoir Analysis in the San Joaquin River Basin are summarized as 

follows: 

• Even after operational criteria changes, simulated peak flows at 

some locations exceeded assumed channel capacity in all storm 

events, except events of 4 percent AEP and smaller.  Peak flows at 

these locations were results of hydrologic routing, which does not 

reflect levee breaches as in hydraulic models.  These results are 

indicative but not predictive of how flow could change. 

• Further hydraulic modeling is recommended as necessary to better 

understand changes to mainstem flow through reservoir operational 

criteria changes. 

5.2.2 Phase 2 

For Phase 2, 16 scenarios with modified Millerton Lake, Lake McClure, 

and New Don Pedro Reservoir operational criteria were run. 

H.V. Eastman Lake operational criteria changes were not made in Phase 2 

because increasing the volume of H.V. Eastman Lake’s flood reservation 

space did not provide any additional benefits in peak flow reduction in the 

San Joaquin River at Stockton (as shown in the Phase 1 analysis). 

No additional simulations were run that included New Melones Reservoir 

in Phase 2 because the reservoir has a large storage volume compared to 

the volume of inflow into the reservoir.  The sensitivity of increasing the 

flood storage allocation among the three upper San Joaquin River 

reservoirs (including New Melones Reservoir) is briefly discussed later in 

this section.  As a result, one scenario that modified a combination of 

Millerton Lake, Lake McClure, and New Don Pedro Reservoir operational 

criteria changes was identified during Phase 2 for the San Joaquin River 

Basin and is discussed in further detail in Section 6. 

5.2.3 Friant Dam and Millerton Lake 

As described earlier, Millerton Lake is almost capable of operating within 

its objective release for a 2 percent AEP Vernalis-centered storm but is 

unable to manage all of the 1 percent AEP storm inflow with its current 

170 TAF allocation of flood storage.  Figures 5-2 and 5-3 show the effects 

of adding three increments of flood storage to Millerton Lake.   
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Figure 5-2.  Comparison of Effects at Stockton from Additional Flood 
Storage Increments at Millerton Lake for 2 Percent AEP Vernalis-
Centered Storms 

 
Figure 5-3.  Comparison of Effects at Stockton from Additional Flood 
Storage Increments at Millerton Lake for 1 Percent AEP Vernalis-
Centered Storms 
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The largest simulated effects occurred when flood storage was increased by 

50 percent (from 170 TAF to 255 TAF).  For the 1 percent AEP storm, 

simulated peak flow decreased by a maximum of 5,703 cfs, but flow 

remained above channel capacity for nearly the same duration for the No 

Project condition at Stockton; peak flow decreased by only 3 hours for a 1 

percent AEP storm. 

Table 5-4 shows that of the three scenarios, the largest benefit relative to 

the increase in flood storage allocation was when 85 TAF of flood storage 

was added to Millerton Lake flood storage allocation. 

5.2.1 San Joaquin River Reservoirs 

The sensitivity of allocating the same magnitude of additional flood storage 

at different reservoirs was further explored using HEC-5 runs from Phase 

1.  Increasing the flood storage allocation by 100 TAF at Lake McClure 

and New Don Pedro and New Melones reservoirs had different effects on 

the system.  Under the No Project condition, both New Melones Reservoir 

and Lake McClure can manage a 2 percent AEP storm, and New Melones 

Reservoir can manage a 1 percent AEP storm.  Hence, it was expected and 

confirmed that adding more flood storage allocation would have limited 

downstream effects.  Reservoir operational criteria changes have less effect 

on the flood management systems if a reservoir is already capable of 

managing flood inflows (i.e., the objective release is not exceeded). 

Table 5-5 shows that because New Don Pedro Reservoir has the largest 

volume of floodflow that cannot be managed, this reservoir showed the 

greatest downstream benefit from an increased flood storage allocation.  

Changes to the objective releases of the reservoirs, in combination with 

increased flood storage allocations, were explored in Phase 1, but did not 

noticeably affect peak downstream flows. 
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Table 5-4.  Effects of Additional Flood Storage Allocation at Millerton Lake for 2 and 1 Percent AEP Vernalis-Centered 
Storm 

Total 
Added 

Storage 
(TAF) 

Peak Flow at Stockton Stockton Channel Capacity Exceeded At Stockton 

Rate (cfs) Percent Reduction Duration (hours) Percent Reduction 
Peak Flow 
Reduction 

Index
1
 

Unit 
Performance 

Index
2 

(percent) 
2 percent 1 percent 2 percent 1 percent 2 percent 1 percent 2 percent 1 percent 

0 63,128 98,194 N/A N/A 106 227 N/A N/A N/A N/A 

25 63,232 98,285 0 0 97 225 8 1 -0.1
3 

-0.4 

50 62,930 97,902 0 0 95 222 10 2 0.1 0.1 

85 62,532 97,548 1 1 92 202 13 11 0.3 0.4 

Model: HEC-5 

Notes: 
1
  Peak Flow Reduction Index = Σ [ (Percent Reduction_AEP, i) x (AEP, i) ] / [ Σ (AEP, i) ] x 100 

2
  Unit Performance Index = Peak Flow Reduction Index / Total TAF 

3
  Indices are negative because for some AEPs, peak flow increased at Stockton because the shift in flows at Millerton Lake, combined with the peak flows from other 

tributaries, resulted in greater downstream peak flows. 
Key: 
AEP = annual exceedence probability 
cfs = cubic feet per second 
N/A = not applicable 
TAF = thousand acre-feet 
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5.2.1 New Don Pedro Dam and Reservoir 

Because operational criteria changes to New Don Pedro Reservoir yielded 

the greatest downstream benefit, three types of operational criteria changes 

were preliminarily explored: required flood storage allocation increases, 

objective release increases, and coordinated operations with Lake McClure. 

Increase in Flood Storage Allocation 

Increasing flood storage allocation at New Don Pedro Reservoir resulted in 

flood management benefits.  Varying allocations of flood storage were 

added to New Don Pedro Reservoir to observe their effects on the system. 

As shown in Figure 4-4, New Don Pedro Reservoir has a simulated  

224 TAF of inflow during a 1 percent AEP Vernalis-centered storm in 

excess of available storage.  To determine whether increasing the flood 

storage allocation by an equivalent amount would yield flood risk 

management benefits, 230 TAF of flood storage allocation was added.  

Figure 5-4 shows that this has a substantial impact on the magnitude of 

flows and the duration of time that channel capacity is exceeded.  To 

confirm that the volume of flood inflow exceeding available storage is 

directly related to changes in downstream peak flow, a suite of additional 

flood storage allocation scenarios were simulated.  Reduction in flow and 

the duration of time that channel capacity is exceeded occurs as more flood 

storage is allocated to New Don Pedro Reservoir, but this relationship is 

not linear.  The largest benefit is realized when 230 TAF of flood storage is 

added; flow remains within channel capacity for a 2 percent AEP Vernalis-

centered storm and peak flows decrease by nearly 20,000 cfs for a 1 

percent AEP storm.  The incremental benefit tapers off as additional flood 

storage is allocated. 

The peak flow reduction index and unit performance index are lower for 

these scenarios compared to operational criteria changes for other 

reservoirs, such as at Millerton Lake (Table 5-6).  Because these indices are 

weighted by storm AEP, and the largest benefit from peak flow reduction 

occurs for less frequent storms, the benefit derived from New Don Pedro 

Reservoir operational criteria changes may be considered understated. 

Objective Release Changes 

To minimize the volume of additional flood storage allocation while still 

reducing downstream flow, an increase in the objective release from New 

Don Pedro Reservoir was also explored.  Effects of changes to the 

objective release on the system varied, depending on the frequency of the 

storm. 
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Table 5-5.  Effects of Additional Flood Storage Allocation for 2 and 1 Percent AEP Vernalis-Centered Storm 

Add 
100 

TAF of 
Storage 

to 

Total 
Added 

Storage 
(TAF)

1 

Peak Flow at Stockton Stockton Channel Capacity Exceeded At Stockton 

Rate (cfs) Percent Reduction Duration (hours) Percent Reduction Peak 
Flow 

Reduction 
Index

2
 

Unit 
Performance 

Index
3
 

(percent) 
2 percent 1 percent 2 percent 1 percent 2 percent 1 percent 2 percent 1 percent 

N/A 130 62,617 97,669 0 0 87 201 0 0 0 0 

McClure 230 62,617 97,583 1 1 87 201 18 11 0.5 0.2 

New Don  
Pedro 230 55,740 87,892 12 10 27 184 75 19 1.9 0.8 

New 
Melones 230 62,617 97,669 1 1 87 201 18 11 0.7 0.3 

Model: HEC-5 
Notes: 
1
  Includes increasing flood storage allocation by 85 TAF and 45 TAF to Millerton Lake and H.V. Eastman Lake, respectively. 

2  
Peak Flow Reduction Index = Σ [ (Percent Reduction_AEP, i) x (AEP, i) ] / [ Σ (AEP, i) ] x 100 

3
  Unit Performance Index = Peak Flow Reduction Index / Total TAF 

Key: 
AEP = annual exceedence probability 
cfs = cubic feet per second 
N/A = not applicable 
TAF = thousand acre-feet 
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Figure 5-4.  Comparison of Effects at Stockton from Additional Flood 
Storage Allocation Increments at New Don Pedro Reservoir for 2 and 
1 Percent AEP Vernalis-Centered Storm 
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Table 5-6.  Effects of Operational Criteria Changes at New Don Pedro Reservoir for 2 and 1 Percent AEP Vernalis-
Centered Storm 

Total 
Added 

Storage 
(TAF) 

Peak Flow at Stockton Stockton Channel Capacity Exceeded At Stockton 

Rate (cfs) Percent Reduction 
Duration 
(hours) 

Percent Reduction Peak Flow 
Reduction 

Index
1
 

Unit 
Performance 

Index
2
 

(percent) 2 percent 1 percent 2 percent 1 percent 2 percent 1 percent 2 percent 1 percent 

0 63,128 98,194 N/A N/A 106 227 N/A N/A N/A N/A 

25 60,066 93,525 5 5 97 226 8 0 0.9 3.6 

100 57,401 87,943 9 10 42 212 60 7 1.9 1.9 

230 50,878 78,972 19 20 0 184 100 19 3.7 1.6 

275 50,878 78,770 19 20 0 184 100 19 3.8 1.4 

300 50,878 78,589 19 20 0 180 100 21 3.9 1.3 

Model: HEC-5 

Notes: 
1
  Peak Flow Reduction Index = Σ [ (Percent Reduction_AEP, i) x (AEP, i) ] / [ Σ (AEP, i) ] x 100 

2
  Unit Performance Index = Peak Flow Reduction Index / Total TAF 

Key: 

AEP = annual exceedence probability 
cfs = cubic feet per second 

N/A = not applicable 

TAF = thousand acre-feet 
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Increasing objective releases allows a reservoir to release higher volumes 

of water earlier in a storm, increasing the available reservoir storage in 

anticipation of high inflows later on.  This change would ideally evacuate 

enough storage that the reservoir would not have to exceed its objective 

release targets.  It is important to note that objective release targets are 

often based on channel capacity; increasing the objective release would 

likely require improving the channels to increase channel capacity. 

New Don Pedro Reservoir currently operates within its objective release, 

and channel capacity is not exceeded at Stockton for more frequent storms 

(10 and 4 percent AEPs).  As a result, increasing the objective release had 

negative effects on downstream channel flow.  Increasing the objective 

release by 3,000 cfs resulted in the average release from New Don Pedro 

Reservoir increasing by 3,000 cfs, and an associated higher downstream 

channel flow. 

For larger storm events (2 percent AEP and less frequent AEPs), New Don 

Pedro Reservoir exceeds its objective release under current operating rules.  

Increasing the objective release slightly lowered the peak flow, but 

increased the duration of time that the downstream channel capacity was 

exceeded. 

Increase in Flood Storage Allocation and Objective Release 

The basin-wide sensitivity analysis also considered simultaneously 

increasing both flood storage allocation and objective release at New Don 

Pedro Reservoir to lower the peak release and decrease the volume of 

unmanageable flood inflow into the reservoir. 

In summary, increasing the flood storage allocation by 160 TAF had two 

effects: 

1. Lowered peak flow – More space was available to capture flood 

inflow and, hence, the reservoir could make lower releases. 

2. Decreased duration of flow above downstream channel capacity – 

The duration of time the New Don Pedro Reservoir releases were in 

excess of objective release targets was much shorter than under current 

operational criteria, and reservoir releases were lower.  Lower peak 

releases, when combined with mainstem flows, decreased the duration 

of time that downstream flows were greater than capacity. 

Increasing the objective release by 3,000 cfs had two effects: 

1. Lowered peak flow – More space could be maintained to capture high 

flood inflow and, hence, the reservoir could make lower releases 

throughout a storm event. 
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2. Increased duration of time above downstream channel capacity – 

Higher objective reservoir releases, when combined with mainstem 

flows, increased the duration of time that downstream flows were 

higher. 

Increasing the objective release by 3,000 cfs and flood storage allocation 

by 160 TAF had two effects: 

1. Lowered peak flow – More space was available to capture high flood 

inflow; hence, the reservoir could make lower releases.  Increasing the 

flood storage allocation kept the downstream flow entirely within the 

channel capacity. 

2. Decreased duration of time above downstream channel capacity – 

The duration of time that New Don Pedro Reservoir made releases in 

excess of objective release targets was much shorter; hence, peak 

reservoir releases were also lower.  However, higher releases resulting 

from an increase in the objective release, when combined with 

mainstem flows, would offset some of the benefit of lower peak 

releases. 

Similar to other storm frequencies, increasing the objective release lowered 

the peak flow for large infrequent storms (0.5 and 0.2 percent AEPs), but 

increased the duration of time that channel capacity would be exceeded.  

Peak flow would be slightly lowered because a small amount of storage 

would be evacuated before the large inflow.  However, because the inflow 

was of such a high magnitude, the benefit of additional flood storage 

allocation would be almost negligible. 

Overall, downstream channel benefits were lower when compared to only 

the allocation of additional flood storage for large storm events. 

New Don Pedro Reservoir and Lake McClure Coordinated Operations 

Another operational criteria change explored during the basin-wide 

sensitivity analysis was operating both New Don Pedro Reservoir and Lake 

McClure for the same downstream location, the San Joaquin River at Maze 

Road.  This change allowed the flow in the San Joaquin River to remain 

within the channel capacity slightly longer (by a few hours), but peak flows 

were higher.  This was because the reservoirs held back their releases 

longer to keep the mainstem within the channel capacity for the earlier 

parts of a storm; thus, the reservoirs filled their allocated flood storage 

sooner and had to release more water later in the storm. As a result, this 

operational criteria change was not further explored in this analysis. 
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6.0 Reservoir Operational Scenarios 
Considered 

Using preliminary observations from the Phase 1 and 2 analyses, several 

reservoir operational scenarios were considered for inclusion in the 

Enhance Flood System Capacity approach. These scenarios were 

considered based on No Project flood management performance in the 

Central Valley and basin-wide sensitivity observations, and are described 

in more detail in the following subsections.  Because of the preliminary 

nature of this analysis, the uncertainty associated with the effects of 

operational criteria changes, and the needed coordination, operational 

criteria changes were not moved forward into the State Systemwide 

Investment Approach aside from changes associated with the Folsom Dam 

Raise, which is already authorized. 

The reservoir operational scenarios considered in the Enhance Flood 

System Capacity approach includes modification to the reservoir release 

schedule and flood storage allocation at Lake Oroville (equivalent to an 

additional 200,000 acre-feet of flood storage), and coordinated operation 

with New Bullards Bar Reservoir, to reduce flood stages on the Feather 

River during a 0.5 percent AEP (200-year) flood event.  Also, in the San 

Joaquin River Basin, the State would partner with interested reservoir 

operators  to increase the flood storage allocation at New Don Pedro, 

Friant, and New Exchequer dams by about 400,000 acre-feet to effectively 

manage the 1 percent AEP (100-year ) flood event at these reservoirs. 

6.1 Scenarios Considered 

As stated above, the 2012 CVFPP Reservoir Analysis is a preliminary 

analysis and future studies will need to assess the feasibility of changes in 

reservoir operational criteria, with consideration of effects on other 

reservoir purposes, and determine the best method for implementing these 

changes.  The goal of the analysis is the see if there are potential flood 

management benefits associated with making operational criteria changes; 

it is not to propose specific changes to any reservoir or to preclude other 

options in modifying operational criteria. 

To demonstrate the potential of reservoir operational criteria changes in the 

Central Valley, the following scenarios were considered for modeling 

purposes only: 
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• Sacramento Scenario 

- Increase Lake Oroville flood storage allocation by 200 TAF 

- Modify Lake Oroville’s release schedule (see Table 6-1) 

• San Joaquin Scenario 

- Increase Millerton Lake flood storage allocation by 60 TAF 

- Increase Lake McClure flood storage allocation by 100 TAF 

- Increase New Don Pedro Reservoir flood storage allocation by 230 

TAF 

These scenarios were considered because they yielded large flood 

management benefits systemwide.  Potential changes reduced peak 

downstream flow, lowered downstream flow within or near channel 

capacity for more AEP storms, and decreased the duration of time that flow 

exceeded the downstream channel capacity. 

Table 6-1.  Simplified Lake Oroville Release Schedule Modifications 

No Project Conditions Scenario Considered 

Reservoir Inflow 
(cfs) 

Required 
Release (cfs) 

Reservoir Inflow 
(cfs) 

Required 
Release (cfs) 

0 – 30,000 15,000 0 – 30,000 15,000 

30,000 – 120,000 60,000 30,000 – 120,000 60,000 

120,000 – 175,000 100,000 120,000 – 300,000 80,000 

> 175,000 150,000 > 300,000 150,000 

Key: 
cfs = cubic feet per second 

6.2 Sacramento River Basin 

The Sacramento Scenario targeted modifying reservoir operational criteria 

in the Sacramento River Basin.  Because more than half of Yuba River 

flow is uncontrolled, the Sacramento Scenario modified the operational 

criteria at Lake Oroville, on the Feather River.  Because Lake Oroville is 

able to manage 1 and 0.5 percent AEP Sacramento-centered storms, the 

operational criteria changes focused on lowering reservoir releases by 

modifying the release schedule. Modifying the release schedule lowered 

the required reservoir release for a given inflow, thus storing more of the 

inflow in the reservoir.  To offset the increase in stored water, an additional 
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200 TAF of flood storage was allocated to Lake Oroville’s flood storage 

allocation.  Table 6-1 details the changes to the release schedule for Lake 

Oroville that were considered. 

As stated above, modifications to the release schedule focused on lowering 

average maximum reservoir releases.  Under the No Project condition, 

Lake Oroville releases 100,000 cfs when inflow into the reservoir is 

between 120,000 cfs and 175,000 cfs, and increases its release to 150,000 

cfs when inflow exceeds 175,000 cfs.  The Sacramento Scenario proposes 

changing the specified release from 100,000 cfs to 80,000 cfs for the same 

inflow range, and delaying the maximum release of 150,000 cfs until 

inflow exceeds 300,000 cfs.  The additional flood storage allocation would 

be used to store the additional volume of floodflow in the reservoir 

resulting from decreased releases. 

This scenario resulted in not only a lower simulated peak release, but also 

an overall average lower release during the height of a storm.  Inflow into 

Lake Oroville exceeds 175,000 cfs for 4 percent AEP and less frequent, 

larger storms (Table 6-2).  Hence, under the No Project condition, Lake 

Oroville could release up to 150,000 cfs during a 4 percent AEP storm.  

With the Sacramento Scenario, the maximum outflow is limited to 80,000 

cfs for up to a 1 percent AEP storm.  A maximum outlet capacity of 

150,000 cfs would not occur until a 0.5 percent AEP storm. 
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Table 6-2.  Peak Inflow into Lake Oroville for Sacramento-Centered 
Storm 

AEP Peak Inflow
1
 (cfs) 

50 percent 125,000 

10 percent 190,000 

4 percent 237,000 

2 percent 295,000 

1 percent 353,000 

0.5 percent 441,000 

Note: 
1
  Peak inflow is rounded to the nearest thousand. 

Key: 
AEP = annual exceedence probability 
cfs = cubic feet per second 

Figure 6-1 shows that the simulated peak release from Lake Oroville 

decreased by nearly 70,000 cfs (from 150,000 cfs to 81,182 cfs) for a 1 

percent AEP Sacramento-centered storm.  In addition, average reservoir 

releases above 60,000 cfs decreased from approximately 111,000 cfs to 

78,000 cfs.  This resulted in lower flow at the confluence of the Feather and 

Yuba rivers and the number of channel flow peaks decreasing from two to 

one.  The Sacramento Scenario also lowered the simulated peak flow 

farther downstream at Nicolaus (downstream from the confluence of the 

Bear and Feather rivers) by 40,000 cfs.  The simulated peak flow, however, 

remained above the 320,000 cfs channel capacity at Nicolaus, at 380,026 

cfs, for a 1 percent AEP storm. 

The Sacramento Scenario also lowered peak downstream flows for a 0.5 

percent AEP storm (Figure 6-2).  While downstream channel capacity on 

the Feather River was still exceeded, the simulated peak flow rate 

decreased by 40,000 cfs at the confluence of the Feather and Yuba rivers. 

Downstream from the confluence of the Feather River with the Sacramento 

River at the Fremont Weir, the effect of the Sacramento Scenario on 

Sacramento River flows was minimal (approximately a 1 percent change in 

flow).  Flow in the mainstem slightly increased in some locations (e.g., I 

Street gage).  This was because the volume of water diverted from the 

Sacramento River to the Yolo Bypass depends on the flow upstream from 

the bypass.  If there is less flow upstream from the bypass, then less water 

is diverted into the Yolo Bypass; hence, more water could remain in the 

mainstem. 
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Figure 6-1.  Simulated Effects of Lake Oroville Operational Criteria 
Changes at Feather-Yuba River Junction for 1 Percent AEP 
Sacramento-Centered Storm 

 
Figure 6-2.  Simulated Effects of Lake Oroville Operational Criteria 
Changes at Feather-Yuba River Junction for 0.5 Percent AEP 
Sacramento-Centered Storm 
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Table 6-3 summarizes simulated effects on the Sacramento River Basin as 

a result of the Sacramento Scenario operational criteria changes to Lake 

Oroville. 

While this scenario has flood management benefits, operational criteria 

changes to Lake Oroville may affect its other purposes (i.e., water supply, 

fisheries).  Potential effects of reservoir operational criteria are discussed in 

Section 8. 

Table 6-3.  Simulated Effects of Sacramento Scenario on Peak Flow 
for Sacramento-Centered Storm 

Index Point 
Overall 

Effect on 
Peak Flow 

Simulated Decrease in 
Peak Flow (cfs) (percent) 

1 Percent AEP 0.5 Percent AEP 

Lake Oroville Decrease 57,922 (39) 12,711 (8) 

Feather and Yuba 
River Junction 

Decrease 12,031 (4) 40,091 (11) 

Feather River at 
Nicolaus 

Decrease 12,551 (4) 40,077 (10) 

Sacramento and 
Feather River 
Junction 

Decrease 13,480 (3) 43,016 (7) 

Sacramento River 
near I Street Gage 

Increase -638 (-1) -1,291 (-1) 

Model: HEC-5 

Key:  
AEP = annual exceedence probability 
cfs = cubic feet per second 
 

6.3 San Joaquin River Basin 

The San Joaquin Scenario explored modifying required storage for flood 

management at Millerton Lake, Lake McClure, and New Don Pedro 

Reservoir.  These three reservoirs were modified because they exceed their 

objective release during 1 percent AEP Vernalis-centered storms. 

Increasing the allocated volume of flood storage enabled the reservoirs to 

operate within their objective releases more frequently, decreasing channel 

flow downstream. 

While New Don Pedro Reservoir experiences the largest amount of inflow 

in excess of available current flood storage, Millerton Lake and Lake 

McClure also contribute to above-channel-capacity flows at Stockton for 1 

percent AEP and less frequent storms.  To reduce both the magnitude and 

duration of time that channel capacity would be exceeded at Stockton, the 

San Joaquin Scenario increased the flood storage allocation at Millerton 
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Lake, Lake McClure, and New Don Pedro Reservoir by 60 TAF, 100 TAF, 

and 230 TAF, respectively. 

The volume of additional flood storage allocation selected for the San 

Joaquin Scenario was based on the volume of inflow in excess of available 

current flood storage that could not be managed for a 1 percent AEP 

Vernalis-centered storm (see Figure 4-4), and the basin-wide sensitivity 

analysis showed that the largest benefit occurred with this volume of 

additional storage (see Figure 5-4). 

Figure 6-3 shows that the San Joaquin Scenario changes enabled the 

reservoirs to operate within their objective release throughout the duration 

of the 2 percent AEP Vernalis-centered storm.  As a result, the flow at 

Stockton was within its channel capacity. 

 
Figure 6-3.  San Joaquin Scenario Simulated Reservoir Contributions 
to Flow at Stockton for 2 Percent AEP Vernalis-Centered Storm 

For a 1 percent AEP Vernalis-centered storm, the three reservoirs generally 

operated within their objective releases during the beginning of the storm, 

removing the large first peak under the No Project condition (Figure 4-6).  

Nevertheless, the additional flood storage allocation was insufficient to 

prevent all flood releases.  With changes in San Joaquin Scenario 

operational criteria, the highest peak flow at Stockton was reduced to 
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although a similar peak 2 days later was caused by flows from Millerton 

Lake and Lake McClure. 

 
Figure 6-4.  San Joaquin Scenario Simulated Reservoir Contributions 
to Flow at Stockton for 1 Percent AEP Vernalis-Centered Storm 

The simulated effects of the San Joaquin Scenario on peak flows at various 

locations throughout the San Joaquin River Basin are summarized in Table 

6-4.   
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Table 6-4.  Simulated Effects of San Joaquin Scenario on Peak Flow 
for Vernalis-Centered Storm 

Index Point 
Overall 

Effect on 
Peak Flow 

Simulated Decrease in 
Peak Flow (cfs) (percent) 

2 Percent AEP  1 Percent AEP 

Chowchilla Bypass 
near Fresno River

 Decrease 
1,967 (16) 7,260 (30) 

El Nido Decrease 2,121 (10) 8,753 (24) 

Near Newman Decrease 1,993 (6) 15,402 (25) 

At Maze Road 
Bridge 

Decrease 
15,733 (29) 34,918 (38) 

Near Vernalis Decrease 15,241 (24) 34,377 (35) 

Stockton Decrease 14,173 (22) 32,924 (34) 

Model: HEC-5 

Key: 
AEP = annual exceedence probability 
cfs = cubic feet per second 
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7.0 Effects of Operational Criteria 
Changes 

This section discusses simulated flood management effects of the three 

reservoir operational scenarios considered, and then briefly discusses 

qualitatively other reservoir water uses and purposes. 

7.1 Flood Management Benefits 

The main objective of the 2012 CVFPP Reservoir Analysis was to 

determine whether changes to reservoir operational criteria could improve 

coordination among the reservoirs in the Central Valley flood management 

systems, thereby lowering downstream peak stage.  Because HEC-5 does 

not take into account hydraulic conditions (e.g., unsteady flow, levee 

breaks), UNET was used to provide a more realistic estimate of riverine 

flow conditions resulting from reservoir operational criteria changes.  

Changes in the peak water surface elevation (stage) and volume of out-of-

system flow were used to compare the simulated effects of reservoir 

operational criteria changes. 

To compare the stage reduction, stage-frequency curves were generated at a 

series of locations throughout the Central Valley flood management 

systems.  Peak stages for each storm AEP were connected to generate a 

stage-frequency curve for a given location.  While not done in this 

reconnaissance-level analysis, stage-frequency curves can be used as inputs 

into an economic model, such as HEC-FDA, to quantify economic benefits 

associated with stage reduction. 

A decrease in stage could result from (1) less water being released from 

reservoirs, or (2) an increase in water leaving a channel through an increase 

in levee failures.  As a result, the volume of overland flow was quantified 

to better compare the effects of reservoir operational criteria changes. 

The following flood management benefits resulting from the operational 

criteria scenarios considered were observed: 

• In the Sacramento River Basin (Sacramento Scenario): 

- The largest decreases in peak stage occurred for 1 percent AEP or 

more frequent storm events. 
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- For the 1 percent AEP Sacramento-centered storm, the total volume 

of out-of-channel flow decreased by 13 percent (146 TAF). 

- The largest flood management benefit was realized in small to 

midsized storm events (4, 2, and 1 percent AEP storms). 

• In the San Joaquin River Basin (San Joaquin Scenario ): 

- The largest decreases in peak stage occurred for 2 percent AEP or 

less frequent storm events. 

- The decrease in out-of-channel volume ranged from 15 percent to 

39 percent (40 TAF to 206 TAF) for midsized to large-sized storm 

events (2, 1, and 0.5 percent AEP storms). 

7.1.1 Sacramento River Basin 

The Sacramento Scenario lowered the peak stage in the Feather River 

Basin and lower Sacramento River Basin (Figure 7-1). 

Changing Lake Oroville’s operational criteria lowered the peak stage at the 

Feather-Yuba River confluence, the Feather River at Nicolaus, and the 

Sacramento River at the I Street gage by 1 percent (nearly 1 foot) for a 1 

percent AEP storm.  The peak stage at the Yolo Bypass near Lisbon 

decreased by 2 percent (0.5 foot) for a 1 percent AEP storm. 

In addition to decreases in stage, the volume of out-of-channel flow 

decreased.  Figures 7-2 and 7-3 show out-of-channel flow by reach.  

Throughout the Feather River, overall out-of-channel flow decreased for all 

storms.  In the 60-mile reach of the Sacramento River downstream from the 

Sacramento Weir, out-of-channel flow was nearly eliminated for the 2 

percent AEP Sacramento-centered storm.  Figure 7-4 shows how the 

volume of out-of channel flow decreased throughout the entire Sacramento 

River Basin. 
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Model: UNET 

Figure 7-1.  Sacramento Scenario Stage-Frequency Curves for Sacramento-Centered Storm at Feather-Yuba River 
Confluence, Feather River at Nicolaus, Yolo Bypass at Lisbon, and Sacramento River at I Street Gage 
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Model: UNET  

Figure 7-2.  Sacramento Scenario Volume of Out-of-Channel Flow for Sacramento-
Centered Storm Along Feather River (1,000 acre-feet)
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Model: UNET  
Note: Dotted lines represent that river miles extend past the map extents. 

Figure 7-3.  Sacramento Scenario Volume of Out-of-Channel Flow for Sacramento-Centered Storm Along Lower 
Sacramento River (1,000 acre-feet) 
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Figure 7-4.  Sacramento Scenario Total Sacramento River Basin Out-
of-Channel Flow Reductions 

7.1.2 San Joaquin River Basin 

The San Joaquin Scenario decreased the peak stage throughout the San 

Joaquin River Basin.  Figure 7-5 shows the simulated decrease in stage at 

various locations along the lower San Joaquin River. 

The peak stage on the San Joaquin River at Newman was slightly 

decreased by an average 0.2 percent from No Project conditions for all 

Vernalis-centered AEP storms because of influences from increased flood 

storage allocation at Millerton Lake and Lake McClure.  At Stockton, the 

simulated peak stage for the 0.5 and 0.2 percent AEP storms was nearly the 

same (less than 0.03-foot difference). 

In addition to decreases in stage, the volume of out-of-channel flow 

throughout the entire San Joaquin River Basin also decreased.  Figure 7-6 

shows the out-of-channel flow by reach and Figure 7-7 shows the total out-

of-channel flow.  In the 14-mile reach downstream from Vernalis, the out-

of-channel flow was nearly eliminated for the 1 percent AEP Vernalis-

centered storm.  For the 0.5 percent AEP storm, out-of-channel flow 

decreased by 77 TAF for the San Joaquin Scenario.  The volume of out-of-

channel flow did increase for in the downstream portion of the San Joaquin 

River for some AEP storms, but the volume decreased in the Chowchilla 

and Eastside bypasses; overall, the net change in out-of channel flow was a 

decrease.
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Model: UNET  

Figure 7-5.  San Joaquin Scenario Stage-Frequency Curves for Vernalis-Centered Storm at San Joaquin River near 
Newman, at Maze Road Bridge, near Vernalis, and at Stockton 
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Model: UNET  

Figure 7-6.  San Joaquin Scenario Volume of Out-of-Channel Flow for Vernalis-
Centered Storm 
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Figure 7-7.  San Joaquin Scenario Total San Joaquin River Basin Out-
of-Channel Flow  

7.2 Other Reservoir Water Uses 

Aside from providing flood management benefits, changing operational 

criteria for flood damage reduction could affect a multitude of other 

reservoir water uses and purposes.  Adjusting the amount of flood storage 

and magnitude of objective releases may alter the volume of reservoir 

storage available for peak season water uses.  This may result in economic 

effects on the following: 

• Water supply reliability 

• Hydropower generation 

• Recreational opportunities 

• Groundwater storage 

• Instream requirements 

7.2.1 Water Supply Reliability 

In addition to flood management, water supply is one of the major purposes 

for multipurpose reservoirs in the Central Valley.  The majority of 

precipitation in California falls between October and March; therefore, 

changes to reservoir operational criteria for peak flow reduction are 

focused on that period.  Changes in reservoir flood space allocation and 

objective release during the wet season could alter the ability of a reservoir 

to fill by the end of the wet season and to be ready to meet water supply 

demands, which generally peak in summer months.  On the basis of a high 

level appraisal, the impacts to water supply reliability resulting from 

operational criteria changes considered in this analysis could possibly be 
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effectively mitigated; a more detailed analysis to better quantify benefits to 

flood management and potential adverse impacts and associated mitigation 

is needed.  

7.2.2 Hydropower Generation 

Hydropower generation depends on elevation of the water in a reservoir 

(i.e., head).  Changes to reservoir operational criteria would alter reservoir 

storage and available head in a reservoir during flood season and possibly 

during other times of the year (if the reservoir does not fill as a result of 

operational criteria changes), and thus decrease power generation and 

revenue.  In addition, alternative sources of energy may be needed to 

account for any changes.  The magnitude of the economic cost to 

hydropower could be determined from factors such as net generation of 

power and power market prices. 

7.2.3 Recreational Opportunities 

Many of the Central Valley multipurpose reservoirs are major recreational 

venues.  A study performed by DWR on recreational sites in Northern 

California estimated that 2.5 million people visit Northern California lakes 

and reservoirs per year (DWR, 2004).  Recreational opportunities are 

proportional to reservoir water surface area.  In general, the greater the 

surface area, the more recreational activities are available.  Changes to 

reservoir operational criteria would alter reservoir storage during flood 

season and other times of the year (if the reservoir did not fill as a result of 

operational criteria changes), and thus change water surface area.  Aquatic 

recreational activity is especially sensitive to such changes.  The value of 

economic effects would depend on season, type of recreational activities, 

etc. 

7.2.4 Groundwater Storage 

Changes in water supply availability from a reservoir could vary the use of 

other water supplies, such as groundwater.  A change in groundwater 

pumping would affect regional groundwater storage conditions and, thus, 

access to groundwater by other parties could change.  Also, interaction 

between surface water and groundwater could differ.  Modifying the 

amount of space required for flood storage may alter the timing and 

magnitude of flows released from a reservoir.  Reservoir water and 

groundwater could be used conjunctively to increase water supply while 

keeping space available in the reservoir for flood retention. 

7.2.5 Instream Requirements 

Reservoirs are also often operated to meet various requirements for 

fisheries, vegetation, wildlife, water quality, etc.  Changes to reservoir 



7.0 Effects of Operational Criteria Changes 

January 2012 7-11 
Public Draft 

operational criteria during the wet season could alter water availability to 

meet these requirements and, thus, have an economic impact. 

Modifying reservoir operational criteria may affect anadromous fish 

survival and reproduction rates by altering seasonal water flows and 

temperatures in the Sacramento and San Joaquin rivers.  For example, 

altering river hydraulics may affect the flows required to move juvenile 

salmonids through the system.  Changes in water temperatures, potentially 

resulting from a reduction in surface storage during critical periods, may 

affect salmon production.  This change may also have an economic effect 

on recreational and commercial fishing for certain species. 

Vegetation and wildlife may be affected if implementing any of these 

scenarios changes riparian habitat, modifies sensitive natural communities, 

affects federally protected wetlands, or conflicts with local policies, 

ordinances protecting biological resources, and adopted habitat 

conservation plans.  For example, native riparian and wetland plants may 

be affected because changes in objective flows could potentially change the 

duration of time and frequency that current vegetation is submerged. 

Changes in reservoir operational criteria also may affect water quality 

parameters such as pH, dissolved oxygen, turbidity, salinity, and 

temperature.  These changes may alter treatment requirements for water 

supplies, crop yields for sensitive crops, amounts of sedimentation in 

canals, etc. 
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1-D ............................ one-dimensional 

AEP ........................... annual exceedence probability 

BO ............................. Biological Opinion 

Board ........................ Central Valley Flood Protection Board 

cfs ............................. cubic feet per second 

Comprehensive Study Sacramento and San Joaquin River Basins 
Comprehensive Study, California 

CU ............................. Conjunctive Use 

CVFPP ...................... Central Valley Flood Protection Plan 

CVP ........................... Central Valley Project 

Delta .......................... Sacramento-San Joaquin Delta 

DWR ......................... California Department of Water Resources 

ESRD ........................ Emergency Spillway Release Diagram 

F-BO ......................... Forecast-Based Operations 

F-CO ......................... Forecast-Coordinated Operations 

FEMA ........................ Federal Emergency Management Agency 

FERC ........................ Federal Energy Regulatory Commission 

FPO ........................... Folsom Dam Permanent Operations 

FWUA ....................... Friant Water Users Authority 

HEC .......................... Hydrologic Engineering Center 

ID .............................. Irrigation District 

JFP ............................ Joint Federal Project 

NMFS ........................ National Marine Fisheries Service  

NOAA ........................ National Oceanic and Atmospheric Administration 

PEIS/R ...................... Program Environmental Impact Statement/Report 

Reclamation .............. U.S. Department of the Interior, Bureau of 
Reclamation 

RO............................. Reservoir Operations 

ROD .......................... Record of Decision 

SAC ........................... Sacramento 
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SAFCA ...................... Sacramento Area Flood Control Agency 

SJQ ........................... San Joaquin 

SJRRP ...................... San Joaquin River Restoration Program 

SPFC ........................ State Plan of Flood Control 

SWP .......................... State Water Project  

TAF ........................... thousand acre-feet 

USACE ...................... U.S. Army Corps of Engineers 

USFWS ..................... U.S. Fish and Wildlife Service 

V9B ........................... Version 9B 

YCWA ....................... Yuba County Water Agency 
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1.0 Introduction 

This section states the purpose of this attachment, gives background 

information (including a description of planning areas, goals, and 

approaches), overviews the Sacramento and San Joaquin river basins, 

Stockton area, and the San Joaquin Area Flood Control Agency (SJAFCA) 

Flood Protection Restoration Project, and provides an overview of the 

report organization. 

1.1 Purpose of this Attachment 

As part of development of the 2012 Central Valley Flood Protection Plan 

(CVFPP), hydraulic modeling was performed for the Sacramento and San 

Joaquin river basins, Stockton area, and Sacramento-San Joaquin River 

Delta (Delta) to support flood management system evaluations.  The 

analysis in the Sacramento and San Joaquin river basins was performed 

using hydrology and hydraulic models initially developed as part of the 

Sacramento and San Joaquin River Basins Comprehensive Study 

(Comprehensive Study) (USACE, 2002a). 

The Comprehensive Study did not develop impact areas or models on the 

Calaveras River (including Mormon Slough and the Stockton Diverting 

Canal) and Bear Creek in Stockton, even though the streams include State 

Plan of Flood Control (SPFC) levees.  Therefore, this attachment also 

documents the development and use of hydrology and hydraulic models for 

those two streams in the Stockton area. Note that hydraulic modeling for 

the Delta is documented in Attachment 8D: Estuary Channel Evaluation. 

Results from the modeling were used to describe the hydraulic performance 

of the existing flood management system (No Project condition) and to 

simulate management actions for various approaches for improving the 

system.  Modeling results were also used as input to flood damage 

evaluation models to estimate economic values of flood damages.  All 

modeling was done at a reconnaissance level for use in comparing 

approaches on a systemwide basis, and should not be used for any other 

purpose. 

This attachment documents riverine channel hydraulic modeling 

methodology and results for the Sacramento and San Joaquin river basins 

and Stockton area for the No Project condition and each of the following 

CVFPP approaches: 
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• Achieve SPFC Design Flow Capacity Preliminary Approach 

• Protect High Risk Communities Preliminary Approach 

• Enhance Flood System Capacity Preliminary Approach 

• State Systemwide Investment Approach 

The riverine channel hydraulic modeling of the No Project condition was 

done to provide a baseline for comparison with the four approaches.  While 

the No Project condition is meant to describe the existing conditions of 

flood management systems in the Central Valley, it also includes projects 

that have been authorized and have funding, or that have started 

construction or implementation.  The No Project condition includes the 

following: 

• Levee improvements in south Yuba County implemented by the Three 

Rivers Levee Improvement Authority (TRLIA) since 2004 (TRLIA, 

2011) 

• Natomas Levee Improvement Program by the Sacramento Area Flood 

Control Agency (SAFCA) (SAFCA, 2011) 

• Folsom Dam Joint Federal Project to improve the ability of Folsom 

Dam to manage major floods by allowing more water to be safely 

released earlier in a storm event, leaving more storage capacity for 

capturing peak inflow (Reclamation, 2009) 

• Levee improvements along the American River to safely pass a flow of 

160,000 cubic feet per second (cfs) as part of the American River 

Common Features Project (SAFCA, 2011) 

• Marysville levee improvements (USACE, 2009b) 

Riverine channel hydraulic modeling developed flow rates (discharge in 

cubic feet per second (cfs)) and water surface elevations (stage in feet 

above the National Geodetic Vertical Datum of 1929 (NGVD29)) for 

various theoretical floods in the Sacramento and San Joaquin river basins 

for each CVFPP approach.  Elevations are in NGVD29 instead of the more 

commonly used North American Vertical Datum of 1988 (NAVD88) for 

consistency with the Comprehensive Study. 

This attachment documents the following modeling results: 

• The discharge-frequency (Q-F) relationship for in-river locations in the 

Sacramento and San Joaquin river basins and Stockton area.  Discharge 

is in cfs and storm event frequency, or annual exceedence probability 
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(AEP), is expressed in percentage (i.e., 1 percent AEP, or a storm with 

a 100-year return period). 

• The stage-frequency (S-F) relationship for in-river locations inside the 

Sacramento and San Joaquin river basins and Stockton area.  Stage is in 

feet above the NGVD29 and frequency (AEP) is expressed in 

percentage. 

• Out-of-system volume from river reaches in the Sacramento and San 

Joaquin river basins and Stockton area.  This represents the total 

volume of water that leaves a section of channel and enters the adjacent 

floodplain, typically through a breach in a levee.  Out-of-system 

volume is expressed in thousand acre-feet (TAF). 

These modeling results were used to assess the hydraulic performance at a 

systemwide scale under the No Project condition and each of the four 

approaches.  After completion of the 2012 CVFPP, new riverine and 

floodplain models developed by DWR’s Central Valley Floodplain 

Evaluation and Delineation Program (CVFED) will be become available 

for use in the 2017 CVFPP. 

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 

Protection Act of 2008, the California Department of Water Resources 

(DWR) has prepared a sustainable, integrated flood management plan 

called the CVFPP, for adoption by the Central Valley Flood Protection 

Board (Board).  The 2012 CVFPP provides a systemwide approach to 

protecting lands currently protected from flooding by existing facilities of 

the SPFC, and will be updated every 5 years. 

As part of development of the 2012 CVFPP, a series of technical analyses 

were conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 

ecosystem, and related conditions within the flood management system and 

to support formulation of system improvements.  These analyses were 

conducted in the Sacramento River Basin, San Joaquin River Basin, and 

Delta. 

1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 

direction, two geographical planning areas were important for CVFPP 

development (Figure 1-1): 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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• SPFC Planning Area – This area is defined by the lands currently 

receiving flood protection from facilities of the SPFC (see State Plan of 

Flood Control Descriptive Document (DWR, 2010)).  The State of 

California’s (State) flood management responsibility is limited to this 

area. 

• Systemwide Planning Area – This area includes the lands that are 

subject to flooding under the current facilities and operation of the 

Sacramento-San Joaquin River Flood Management System (California 

Water Code Section 9611).  The SPFC Planning Area is completely 

contained within the Systemwide Planning Area which includes the 

Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 

planning areas.  The CVFPP focused on SPFC facilities; therefore, 

evaluations and analyses were conducted at a greater level of detail within 

the SPFC Planning Area than in the Systemwide Planning Area. 

Hydraulic modeling was performed for major waterways and river channels 

within the SPFC Planning Area and Delta.  This attachment describes the 

riverine modeling in the Sacramento River Basin, which comprises the 

entire northern part of the SPFC Planning Area, and the riverine modeling 

for the San Joaquin River Basin, which includes almost the entire portion 

of the southern part of the SPFC Planning Area.  Hydraulic modeling of the 

Stockton area in the San Joaquin River Basin was also conducted and 

covers portions of the City of Stockton and vicinity on reaches of the 

Calaveras River, Mormon Slough, Stockton Diverting Canal, and Bear 

Creek that are protected by SPFC levees and facilities.  Modeling results 

from the Sacramento and San Joaquin river basins provided the upstream 

boundary conditions for Delta hydraulic modeling that is described in 

Attachment 8D – Estuary Channel Evaluations. 

1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 

address identified flood-management-related problems and opportunities, a 

primary and four supporting goals were developed: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals: 

- Improve Operations and Maintenance 
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- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 

Modeling results in this attachment demonstrate how each of the 

approaches (described below) meets the primary goal. 

1.5 2012 CVFPP Planning Approaches 

In addition to the No Project condition, three fundamentally different 

approaches to flood management were initially compared to explore 

potential improvements in the Central Valley.  These preliminary 

approaches are not alternatives; rather, they bracket a range of potential 

actions and help explore trade-offs in costs, benefits, and other factors 

important in decision making.  The preliminary approaches are as follows: 

• Achieve SPFC Design Flow Capacity – Address capacity 

inadequacies and other adverse conditions associated with existing 

SPFC facilities, without making major changes to the footprint or 

operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 

populations at highest risk, including urban areas and small 

communities. 

• Enhance Flood System Capacity – Seek various opportunities to 

achieve multiple benefits through enhancing flood system storage and 

conveyance capacity. 

Comparing these preliminary approaches helped identify the advantages 

and disadvantages of different combinations of management actions, and 

demonstrated opportunities to address the CVFPP goals to different 

degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 

developed that encompasses aspects of each of the preliminary approaches 

to balance achievement of the goals from a systemwide perspective, and 

includes integrated conservation elements.  Figure 1-2 illustrates this plan 

formulation process. 
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Figure 1-2.  Formulation Process for State Systemwide Investment Approach 

1.6 Sacramento River Basin 

The flood management system in the Sacramento River Basin manages 

flows from approximately 27,000 square miles in the Sierra Nevada, 

Central Valley, and Coast Ranges in Northern California.  Major tributaries 

to the Sacramento River include the Feather, Yuba, Bear, and American 

rivers, which discharge to the Sacramento River from the east.  Additional 

tributaries, such as Cottonwood Creek, enter the mainstem of the 

Sacramento from the west and can provide significant flood flows.  Flood 

management facilities in the Sacramento Valley include the following: 

• Six dams and reservoirs that contribute to flood management (Shasta, 

Black Butte, Folsom, Oroville, New Bullards Bar, and Indian Valley 

dams) 

• Levees along the Sacramento River and major tributaries 

• Four leveed bypasses (Sutter, Tisdale, Sacramento, and Yolo bypasses) 

• Five weirs (Moulton, Colusa, Tisdale, Fremont, and Sacramento weirs) 

• Two sets of outfall gates (Butte Slough, Knights Landing) 

• Six major drainage pumping plants (Sutter Bypass 1, 2, and 3, 

American River 1 and 2, and Magpie Creek) 
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1.7 San Joaquin River Basin 

The flood management system in the San Joaquin River Basin manages 

flows from approximately 16,700 square miles in the Sierra Nevada, 

Central Valley, and Coast Ranges in Central California.  Major tributaries 

to the San Joaquin River include the Mokelumne, Calaveras, Stanislaus, 

Tuolumne, Merced, and Fresno rivers, and Littlejohns Creek, which 

discharge to the San Joaquin River from the east.  Streams on the west side 

of the basin, including Los Banos, Orestimba, and Del Puerto creeks, are 

intermittent, and their flows rarely reach the San Joaquin River except 

during large floods.  In addition, floodflows from Kings River are diverted 

north into the San Joaquin River during periods of high flow in the Tulare 

Lake Basin. Flood management facilities in the San Joaquin Valley include 

the following: 

• Levees along the San Joaquin River and major tributaries 

• Three leveed bypasses (Eastside, Chowchilla, and Mariposa bypasses) 

• Six in-stream control structures (Chowchilla Canal Bypass, San Joaquin 

River, Mariposa Bypass, Eastside Bypass, Sand Slough, and San 

Joaquin River Structure) 

• Sixteen dams and reservoirs that contribute to flood management 

(Friant, New Exchequer, New Don Pedro, Hidden, Buchanan, New 

Melones, Los Banos Detention, Pardee, Camanche, New Hogan, Little 

Panoche Detention, Mariposa, Owens, Burns, Castle, and Bear dams) 

• Five major pumping plants (Lower San Joaquin River, Mormon Slough 

1 to 3, and Weatherbee Lake) 

1.8 Stockton Area 

The Stockton area as defined for this analysis includes portions of the City 

of Stockton and vicinity, as well as Lower Roberts Island, as shown on 

Figure 1-3.  These hydraulic modeling extents were selected based on 

available data and the location of existing SPFC facilities. 

This region is inside the SPFC planning area but no study was conducted 

there for the Comprehensive Study.  Because of its location in the Delta, 

hydraulic modeling for Lower Roberts Island (STK01 on Figure 1-3) was 

conducted using the RMA Delta Model (see Attachment 8D: Estuary 

Channel Evaluations for details).  This technical attachment focuses on 

areas labeled STK06 through STK10 on Figure 1-3. 
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Figure 1-3.  Model Extents for Stockton Area Analysis 
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The Stockton area streams include Bear Creek, Paddy Creek, Calaveras 

River, Mormon Slough/Stockton Diverting Canal, and Mosher Slough.  

Along the Bear Creek, SPFC levees extend from South Paddy Creek at 

Jack Tone Road to Bear Creek’s crossing with Interstate 5 on the northwest 

side of the City of Stockton.  The SPFC levees along Mormon Slough 

extend from Jack Tone Road to where it enters the Stockton Diverting 

Canal.  The levees continue along the Stockton Diverting Canal to where it 

ends at the Calaveras River and then to the Calaveras River’s crossing with 

Interstate 5 on the west side of the City of Stockton.  The SPFC facilities 

also include three pumping plants on the Stockton Diverting Canal. 

In 1998, the San Joaquin Area Flood Control Agency (SJAFCA) completed 

both hydrologic and hydraulic analyses for streams near the City of 

Stockton as part of its Flood Protection Restoration Project.  The objective 

of this analysis was to identify solutions to resolve the finding that four 

streams (Bear Creek, Calaveras River, Mormon Slough/Diverting Canal, 

and Mosher Slough) were deficient in containing the 100-year flood flows 

in accordance with Federal Emergency Management Agency (FEMA) 

requirements.  To accomplish this, SJAFCA reviewed the hydrology used 

by FEMA to make its deficiency finding.  Additional information regarding 

the assumptions made in verifying and developing the hydrology and 

hydraulics can be found in the Flood Protection Restoration Project’s Final 

Technical Memorandum No. 1 – Hydrology (SJAFCA, 1998a) and Final 

Technical Memorandum No. 2 – Hydraulics (SJAFCA, 1998b). 

Models developed from the SJAFCA Flood Protection Restoration Project 

fit the purpose of this analysis and were used to assess the performance of 

the streams in the Stockton area. 
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1.9 Report Organization 

Organization of this document is as follows: 

• Section 1 describes the purpose of this attachment, and provides an 

overview of the CVFPP and the Sacramento and San Joaquin river 

basins. 

• Section 2 summarizes results and findings for CVFPP riverine 

hydraulic modeling in the Sacramento and San Joaquin river basins. 

• Section 3 describes the overall CVFPP modeling methodology, the 

CVFPP hydraulic model, and the model selection process for the 

Sacramento and San Joaquin river basins. 

• Section 4 provides complete results for the riverine hydraulic analysis 

by CVFPP approach for the Sacramento and San Joaquin river basins. 

• Section 5 provides methodology and results for the Stockton area 

analysis. 

• Section 6 contains references for the sources cited in this document. 

• Section 7 lists acronyms and abbreviations used in this document. 
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2.0 Results Summary and Findings 

Results from hydraulic modeling of the Sacramento and San Joaquin rivers 

and their major tributaries are summarized in Figures 2-1 through 2-12, 

which map the changes in stage between the No Project condition and the 

four CVFPP approaches throughout the system.  Methodology and results 

for the Stockton area are contained in Section 5. 

Maps are only included for AEPs of 2 percent, 1 percent, and 0.5 percent 

(50-, 100-, and 200-year return period) because the flood management 

system doesn’t exhibit significant differences between the No Project and 

four approaches for the 10 percent and 4 percent (10- and 25-year return 

period), and similarly the 0.2 percent AEP flood (500-year return period) 

overwhelms the flood management system in all cases. 

2.1 Achieve SPFC Design Flow Capacity 
Approach 

Figures 2-1 through 2-3 indicate the changes in stage that would result 

from repairing or improving all SPFC levees to meet their design flows 

(Section 3.6, Tables 3-1 and 3-2) as specified by the 55/57 design profiles.  

Overall, for all of the AEPs there would be fewer upstream levee breaks, 

resulting in increased flows and higher water surface elevations in 

downstream reaches for both the Sacramento and San Joaquin rivers.  In 

the San Joaquin River, higher stages (more than three feet) would be seen 

in the bypass system because of the reduction in levee breaks in the bypass.  

This would carry over into the San Joaquin River downstream from the 

Merced River as these increased flows leave the bypass system and enter 

the San Joaquin River. 

2.2 Protect High Risk Communities Approach 

Figures 2-4 through 2-6 indicate the changes in stage that would result 

from repairing or improving all urban levees to meet the 0.5 percent AEP 

(200-year) design criteria (Section 3.7, Tables 3-1 and 3-2), and providing 

increased protection to selected small communities.  Since this approach 

would improve only urban and small community levees, other levees would 

be untouched and function as in the No Project condition.  Stage increases 

of a foot or less would be seen on the lower Sacramento River as a result of 

increased protection for upstream urban areas. Little change would be seen 
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along the San Joaquin River with maximum changes of much less than a 

foot near the Tuolumne River confluence. 

2.3 Enhance Flood System Capacity Approach 

Figures 2-7 through 2-9 indicate the changes in stage that would result 

from modifying the flood management system as described in Section 3.8 

and shown in Tables 3-1 and 3-2.  Key components of the approach are 

added upstream reservoir storage, improving SPFC levees to their design 

flow capacity, improving urban levees to pass the 0.5 AEP flood, widened 

and new bypasses, levee setbacks, and floodplain storage.  Added upstream 

storage would result in lower stages in the upper Feather, San Joaquin, 

Merced, and Tuolumne rivers.  Floodplain storage and levee setbacks 

would result in lower stages in the Sutter Bypass and lower Feather River, 

as well as the Sacramento River downstream from the Tisdale Weir.  These 

lower stages would continue downstream in the Yolo Bypass and lower 

Sacramento River.  In the San Joaquin River, a reduction in levee breaks in 

the Chowchilla and Eastside bypasses because of fixes to SPFC levees 

would result in higher stages (more than three feet higher) because of the 

increased the volume of water remaining in the bypasses all the way from 

the San Joaquin River to the Merced River.  This would carry over into the 

San Joaquin River downstream from the Merced River as these increased 

flows leave the bypass system and enter the San Joaquin River.  Stages 

downstream from the Tuolumne River to Stockton would be lowered as a 

result of floodplain storage and levee setbacks. 

2.4 State Systemwide Investment Approach 

Figures 2-10 through 2-12 indicate the changes in stage resulting from 

repairing or improving all urban levees to meet the 0.5 percent AEP (200-

year) design criteria and other improvements in the State Systemwide 

Investment Approach (Section 3.9, Tables 3-1 and 3-2).  Because this 

approach would improve only urban levees, other levees would be 

untouched and function as in the No Project condition.  Stage decreases 

would be seen in the upper Feather River as a result of the new bypass from 

the Feather River to the Butte Basin (Biggs Bypass), which would also 

result in a slight increase in stage in the upper end of the Sutter Bypass.  

Stages would be lower in the Sutter Bypass and the Sacramento River 

downstream from the Tisdale Weir as a result of the levee setbacks in the 

Sutter Bypass and lengthening of the Fremont Weir.  Stages would also be 

lower in portions of the Yolo Bypass as a result of levee setbacks.  Slight 

stage increases (one foot or less) would be seen on the lower Sacramento 

River as a result of the increased protection for upstream urban areas. 
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Figure 2-1.  Stage Changes from No Project Condition to Achieve SPFC Design Flow 
Capacity Approach – 2 Percent AEP (50-Year) 

Increase in stage results from improved 
ability of bypass to convey design flow 
 
Reconstruction of bypass to address 
subsidence and other geotechnical 
problems reduces levee failures 

Increase in stage results from improved 
ability of bypass to convey design flow 
 
Reconstruction of SPFC levees to address 
freeboard and other geotechnical problems 
reduces upstream levee failures 

Minimal change in stage due to operation of 
bifurcation structure 

Minimal change in stage due to intermittent 
locations of SPFC levees 

 Increase in stage results from improved 
ability of bypass to convey design flow 
 
Reconstruction of SPFC levees to address 
freeboard and other geotechnical problems 
reduces upstream levee failures 
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Figure 2-2.  Stage Changes from No Project Condition to Achieve SPFC Design Flow 
Capacity Approach – 1 Percent AEP (100-Year) 

Increase in stage results from improved 
ability of bypass to convey design flow 
 
Reconstruction of bypass to address 
subsidence and other geotechnical 
problems reduces levee failures 

Increase in stage results from improved 
ability of bypass to convey design flow 
 
Reconstruction of SPFC levees to address 
freeboard and other geotechnical problems 
reduces upstream levee failures 

Minimal change in stage due to operation of 
bifurcation structure 

Minimal change in stage due to intermittent 
locations of SPFC levees 

 Increase in stage results from improved 
ability of bypass to convey design flow 
 
Reconstruction of SPFC levees to address 
freeboard and other geotechnical problems 
reduces upstream levee failures 
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Figure 2-3.  Stage Changes from No Project Condition to Achieve SPFC Design Flow 
Capacity Approach – 0.5 Percent AEP (200-Year) 

Increase in stage results from improved 
ability of bypass to convey design flow 
 
Reconstruction of bypass to address 
subsidence and other geotechnical 
problems reduces levee failures 

Increase in stage results from improved 
ability of bypass to convey design flow 
 
Reconstruction of SPFC levees to address 
freeboard and other geotechnical problems 
reduces upstream levee failures 

Minimal change in stage due to operation of 
bifurcation structure 

Minimal change in stage due to intermittent 
locations of SPFC levees 

 Increase in stage results from improved 
ability of bypass to convey design flow 
 
Reconstruction of SPFC levees to address 
freeboard and other geotechnical problems 
reduces upstream levee failures 
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Figure 2-4.  Stage Changes from No Project Condition to Protect High Risk Communities 
Approach – 2 Percent AEP (50-Year) 

No increase in stage because urban levee 
improvements concentrated downstream in 
Stockton area 

No increase in stage because urban levee 
improvements concentrated downstream in 
Stockton area 

No increase in stage because urban levee 
improvements concentrated downstream in 
Stockton area 

No increase in stage because of 
focus on urban levee 
improvements  
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Figure 2-5.  Stage Changes from No Project Condition to Protect High Risk 
Communities Approach – 1 Percent AEP (100-Year) 

No increase in stage because urban levee 
improvements concentrated downstream in 
Stockton area 

No increase in stage because urban levee 
improvements concentrated downstream in 
Stockton area 

No increase in stage because urban levee 
improvements concentrated downstream in 
Stockton area 

No increase in stage because of 
focus on urban levee 
improvements  

Minor increase in stage results 
from urban levee improvements 
upstream 
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Figure 2-6.  Stage Changes from No Project Condition to Protect High Risk Communities 
Approach – 0.5 Percent AEP (200-Year) 

No increase in stage because urban levee 
improvements concentrated downstream in 
Stockton area 

No increase in stage because urban levee 
improvements concentrated downstream in 
Stockton area 

No increase in stage because urban levee 
improvements concentrated downstream in 
Stockton area 

No increase in stage because of 
focus on urban levee 
improvements  

Minor increase in stage results 
from urban levee improvements 
upstream 
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Figure 2-7.  Stage Changes from No Project Condition to Enhance Flood System 
Capacity Approach – 2 percent AEP (50-year) 

Increase in stage results from improved 
ability of bypass to convey design flow 
 
Reconstruction of bypass to address 
subsidence and other geotechnical 
problems reduces levee failures 

Reduction in stage from reduced flood 
peak as a result of increased flood 
storage in (or above) Millerton Lake Minimal change in stage 

due to operation of 
bifurcation structure 

Increase in stage results from 
increased flows from bypass 

 Reduction in stage from reduced flood peak 
as a result of increased flood storage in Lake 
Oroville / New Bullards Bar, and effect of 
Feather to Butte Basin Bypass 

Reduction in stage from 
attenuated flood peak as a result 
of expansion of Sutter Bypass 

Slight reduction in stage due to 
expansion of Yolo Bypass in 
conjunction with increased flow 
into the bypass from the widened 
Fremont and Sacramento weirs 
 
Improved bypass levees increase 
its ability to contain flood flows 

 Reduction in stage from reduced 
flood peak as a result of widening 
of Fremont and Sacramento weirs 

 Reduction in stage from reduced 
flood peak as a result of widening 
of Fremont and Sacramento weirs 

Reduction in stage from reduced flood 
peak as a result of increased flood 
storage in New Don Pedro reservoir 
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Figure 2-8.  Stage Changes from No Project Condition to Enhance Flood System 
Capacity Approach – 1 Percent AEP (100-Year) 

Increase in stage results from 
improved ability of bypass to convey 
design flow 
 
Reconstruction of bypass to address 
subsidence and other geotechnical 
problems reduces levee failures 

Reduction in stage from reduced 
flood peak as a result of increased 
flood storage in (or above) Millerton 
Lake 

Minimal change in stage 
due to operation of 
bifurcation structure 

Increase in stage results from 
increased flows from bypass 

 Reduction in stage from reduced flood peak 
as a result of increased flood storage in Lake 
Oroville / New Bullards Bar, and effect of 
Feather to Butte Basin Bypass 

Reduction in stage from 
attenuated flood peak as a result 
of expansion of Sutter Bypass 

Slight reduction in stage due to 
expansion of Yolo Bypass in 
conjunction with increased flow 
into the bypass from the widened 
Fremont and Sacramento weirs 
 
Improved bypass levees increase 
its ability to contain flood flows 

 Reduction in stage from reduced 
flood peak as a result of widening 
of Fremont and Sacramento weirs 

 Reduction in stage from reduced 
flood peak as a result of widening 
of Fremont and Sacramento weirs 

Reduction in stage from reduced 
flood peak as a result of 
increased flood storage in New 
Don Pedro reservoir 

Reduction in stage from 
reduced flood peak as a 
result of increased flood 
storage in New Don Pedro 
reservoir 
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Figure 2-9.  Stage Changes from No Project Condition to Enhance Flood System 
Capacity Approach – 0.5 Percent AEP (200-Year) 
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Feather to Butte Basin Bypass 

Reduction in stage from 
attenuated flood peak as a result 
of expansion of Sutter Bypass 

Slight reduction in stage due to 
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its ability to contain flood flows 
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flood peak as a result of widening 
of Fremont and Sacramento weirs 
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of Fremont and Sacramento weirs 

Reduction in stage from reduced 
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Figure 2-10.  Stage Changes from No Project Condition to State Systemwide Investment 
Approach – 2 Percent AEP (50-Year) 

No increase in stage becauseee 
improvements concentrated downstream in 
Stockton area 
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attenuated flood peak as a result 
of expansion of Sutter Bypass 

Slight reduction in stage due to 
expansion of Yolo Bypass in 
conjunction with increased flow 
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Improved bypass levees increase 
its ability to contain flood flows 
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improvements concentrated downstream in 
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No increase in stage because levee 
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Figure 2-11.  Stage Changes from No Project Condition to State Systemwide 
Investment Approach – 1 Percent AEP (100-Year) 
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Figure 2-12.  Stage Changes from No Project Condition to State Systemwide Investment 
Approach – 0.5 Percent AEP (200-Year) 
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3.0 Methodology 

This section provides an overview of the 2012 CVFPP riverine modeling 

framework for the Sacramento and San Joaquin river basins, and discusses 

model selection, the UNET hydraulic models, levee performance curves, 

assumptions for the riverine channel evaluation, and modeling assumptions 

for the No Project condition and each CVFPP approach. Methodology and 

results for the Stockton area are contained in Section 5. 

It is important to note that the hydraulic modeling described below was 

performed only to support development of the 2012 CVFPP. The modeling 

is a deterministic process that simulates levee breaches based on data 

provided regarding levee stability, but it cannot and does not predict the 

location of actual levee breaches. 

3.1 2012 CVFPP Riverine Modeling Overview 

Figure 3-1 shows the overall riverine hydraulic modeling schematic for the 

CVFPP.  With defined boundary conditions (including upstream 

hydrographs to represent storm events, downstream tailwater stage, levee 

breach scenarios, etc.), riverine hydraulic conditions were simulated to 

generate hydrographs that would be the upstream boundary conditions for 

the Delta hydraulic model.  The simulated riverine water stages were also 

used to evaluate flood damage (Attachment 8F: Flood Damage Analysis). 

3.2 Model Selection 

DWR is developing new riverine hydraulic models through the CVFED 

Program, but these models were not completed in time to be used for the 

2012 CVFPP.  Therefore, it was necessary for DWR to use readily 

available models and data for the CVFPP riverine hydraulic evaluation.  

Two sets of existing models were considered for the CVFPP riverine 

hydraulic evaluation: UNET models from the Comprehensive Study
1
 

                                                        
1
 In response to extensive flooding and damage experienced in California in1997, the 
United States Congress authorized the Sacramento District of the U.S. Army Corps of 
Engineers (USACE) to provide a comprehensive analysis of the Sacramento and San 
Joaquin river basin flood management systems and to partner with the State of California 
to develop master plans for flood management and integrate ecosystem restoration in the 
Sacramento and San Joaquin river basins (USACE, 2002a). 
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Figure 3-1.  Schematic of Central Valley Flood Protection Plan Hydraulic Modeling 
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(USACE 2002a) and models based on the Hydrologic Engineering Center 

River Analysis System (HEC-RAS). 

3.2.1 Comprehensive Study UNET Models 

UNET is a computer model designed to simulate one-dimensional (1-D), 

fully unsteady flow through a full network of open channels, weirs, 

bypasses, and storage areas.  It is a fixed-bed analysis and does not account 

for sediment movement, scour, or deposition.  UNET assumes no exchange 

with groundwater and is capable of simulating levee breaks and breaches 

(USACE, 1997; 2002c). 

The authorization for the Comprehensive Study directed the U.S. Army 

Corps of Engineers (USACE) to develop a UNET application for the 

Sacramento and San Joaquin river basins to simulate the Sacramento and 

San Joaquin River Flood Management System and allow basin-wide, 

systematic evaluation.  The August 1998 UNET Version 4.0, with 

additional modifications made in April 2000, was used for the 

Comprehensive Study.  Separate UNET model data sets were developed for 

the Sacramento River system and the San Joaquin River system.  The 

Comprehensive Study UNET models incorporated synthetic hydrology 

floodflows, reservoir operations, and flows in the river systems and major 

tributaries to evaluate the hydraulic performance of the flood management 

systems of the two rivers.  For a given inflow hydrology, the riverine 

hydraulic models were used to determine river flow, stage, velocity, and 

depth, as well as levee breaches and breakout and return flows from 

overbank areas, allowing the modeler to assess the systemwide 

performance of a range of flood management modifications under various 

hydrologic conditions. 

3.2.2 HEC-RAS Model 

The HEC-RAS software can perform hydraulic calculations for a full 

network of natural and constructed channels in steady or unsteady mode.  

The 1-D river analysis components include steady flow, unsteady flow, 

sediment transport/mobile bed computations, and water quality.  (UNET is 

the predecessor of the unsteady module used in HEC-RAS (USACE, 

2010)).  Unlike UNET, HEC-RAS has a graphical user interface and 

advanced capabilities for data input and output. 

HEC-RAS has been applied in the Sacramento River Basin through 

multiple individual evaluations focusing on localized projects, instead of 

basin-wide effects.  The USACE Sacramento District has converted the 

Comprehensive Study UNET model for the Sacramento River Basin into 

the HEC-RAS platform (USACE, 2009).  The two models (UNET and 

HEC-RAS) have almost the same study area, except that the HEC-RAS 
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model has no coverage in the Butte Basin, the Sacramento River north of 

Colusa, Colusa Basin Drain, Natomas Cross and Natomas East Main 

Drainage canals and tributaries (USACE, 2008). 

For the San Joaquin River Basin, the conversion from the Comprehensive 

Study UNET model into the HEC-RAS platform was completed in 

February 2010 (DWR, 2009).  Results from the San Joaquin HEC-RAS 

model using Comprehensive Study hydrology, however, were different 

from the results of the accepted Comprehensive Study UNET model. 

3.2.3 Model Selection for 2012 CVFPP  

The HEC-RAS and UNET models for the Sacramento and San Joaquin 

river basins use the same Central Valley hydrology.  As previously 

described, HEC-RAS has more user-friendly functions, such as a graphical 

user interface, and multiple input and output options that are not available 

in UNET.  However, coverage for the Sacramento River Basin in the 

existing UNET model is more extensive than in the available HEC-RAS 

model.  Because this more extensive modeling coverage is important to the 

systemwide planning effort, the Comprehensive Study UNET model for the 

Sacramento River Basin was selected as the base riverine hydraulic model 

for 2012 CVFPP hydraulic model development.  To be consistent with the 

Sacramento River Basin, the Comprehensive Study UNET model for the 

San Joaquin River Basin was also selected to be the base riverine model for 

2012 CVFPP development. 

3.3 CVFPP UNET Model Overview 

The two Comprehensive Study UNET models, one for the Sacramento 

River Basin and one for the San Joaquin River Basin, provided a means for 

understanding and representing channel hydraulics in the two river systems 

for development of the 2012 CVFPP.  Modifications were made for the 

CVFPP application, and these two modified models for the CVFPP are 

referred to in this attachment as the Sacramento UNET Model and San 

Joaquin UNET Model. 

As described previously, the Sacramento and San Joaquin UNET models 

were used to determine river stage, velocity, depth, and levee breaches, as 

well as breakout and return flows from overbank areas for each CVFPP 

approach.  Extensive topographic data were collected and assembled to 

develop digital river alignments and cross sections by USACE as part of 

the Comprehensive Study effort.  UNET modeling coverage and output 

data locations for the Sacramento River Basin and the San Joaquin River 

Basin are shown in Figures 3-2 and 3-3, respectively.  Assumptions for all 

CVFPP approaches are described in detail in the following sections. 
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Figure 3-2.  UNET Coverage in Sacramento River Basin 
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Figure 3-3.  UNET Coverage in San Joaquin River Basin 
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3.4 Levee Performance Curves for CVFPP 

The Urban Levee Evaluations (ULE) Project and the Non-Urban Levee 

Evaluations (NULE) Project under the DWR Levee Evaluations Program 

developed performance curves for levees in the Sacramento River and San 

Joaquin River basins.  Levee performance curves provide geotechnical 

relationships between river stage and the probability that a levee segment 

will breach (water from the water side of the levee flows in an uncontrolled 

manner to the landside of the levee) at that stage.  Details on levee 

performance curve development are contained in Attachment 8E: 

System/Levee Performance. 

Levee performance curves from ULE and NULE were used to identify two 

water surface elevations of interest for the hydraulic analyses.  These water 

surface elevations, and the corresponding probability of levee failure at a 

particular levee location are as follows: 

• Probable failure point (PFP) – 85 percent probability of failure 

• Top of levee (TOL) – 100 percent probability of failure 

These two water surface elevations were incorporated into UNET models 

to simulate conditional levee failure, meaning that once the simulated river 

stage at a specific levee location reaches the specified breach elevation 

(PFP or TOL depending on the CVFPP approach being modeled), a levee 

breach would begin to develop in UNET.  Water from the river would then 

enter into the adjacent floodplain through the levee breach, and the 

downstream river stage and flow would be reduced.  Because the PFP is 

always lower than the top of the levee, the breach would begin to form at 

below the TOL. On the other hand, if a TOL breach elevation is used in the 

simulation, the water surface elevation and flow would be higher than with 

the PFP before the levee breach, because the TOL is always higher than the 

PFP. 

The water surface elevations of interest described above are not intended to 

represent or predict how levees would fail under an actual flood event.  For 

example, under the PFP scenario, all levees assigned a PFP would fail in a 

simulated flood event once the water surface was equal to or higher than 

the PFP elevation.  In reality, many of these levees would not fail even 

when the stage exceeds the PFP elevations, while others might fail before 

the stage reaches the PFP elevations.  Further, floodfighting and other 

emergency actions (conditions that are not simulated in the hydraulic 

models) could result in very different levee failure probabilities. 
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In addition to simulating the PFP and TOL scenarios, model simulations 

were also conducted that considered very tall levees along the river 

channels.  These “infinite levee” simulations helped determine the 

maximum possible floodflows at various locations in the Sacramento and 

San Joaquin river flood management system. 

3.5 Model Assumptions: No Project 

Tables 3-1 and 3-2 show modeling assumptions for the Sacramento and 

San Joaquin river basins, respectively, for the No Project condition and 

each of the CVFPP approaches.  The following sections describe 

assumptions for the Sacramento and San Joaquin UNET models for the No 

Project condition. 

3.5.1 Sacramento UNET Model 

Simulation Period 

The simulation period for the Sacramento UNET model is from 9:00 a.m., 

January 6, to 9:00 a.m., January 29.  Peak flows for all flood events occur 

in the simulation between January 18 and 20. 

Upstream Boundary Conditions 

Upstream boundary conditions for the Sacramento River UNET model are 

flow hydrographs (i.e., discharge in cfs over time) for each particular flood 

at the upstream boundary of all reaches that are not connected to another 

reach at their upstream end. 

Each set of hydrographs represents either unregulated flows (no reservoir 

upstream) or regulated flows (reservoir releases simulated by reservoir 

models) under different storm centerings.  A centering is a set of synthetic 

floods for a range of AEP that would result in peak flows at a given 

location (see Attachment 8A: Hydrology for details).  The CVFPP followed 

the composite floodplain methodology used in the Comprehensive Study 

(USACE, 2002b) to define the maximum extent of inundation at all 

locations for a flood of any given AEP.  As described in Attachment 8A: 

Hydrology, five storm centerings were used for the Sacramento River 

Basin: three mainstem centerings (Ord Ferry, Sacramento, and Shasta) and 

two tributary centerings (Yuba River, and American River).  Each storm 

center had six flood events, with AEPs of 10, 4, 2, 1, 0.5, and 0.2 percent, 

corresponding to 10-, 25-, 50-, 100-, 200-, and 500-year return periods. 
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Table 3-1.  Summary of Sacramento River Basin Modeling Assumptions 

Element Description 
No Project 

(NPRJ) 

Achieve SPFC 
Design Flow 

Capacity 
(SPFC) 

Protect High 
Risk 

Communities 
(PHRC) 

Enhance Flood 
System Capacity 

(EFSC) 

State Systemwide 
Investment 

(SSIA) 

Levee  
Setback 

Sacramento River RM 199.5 to 197 
   

√  

Sacramento River RM 169.5 to 111.25 
   

√  

Feather River RM 24.5 to 0 
   

√  

L
e
v
e
e
 I

m
p

ro
v
e
m

e
n

t Restore 1955/1957 design levee:  
Assume levee breach at top of levee in 
hydraulic model  

√ 
 

√  

Fix urban area levee:   
Assume levee breach at top of levee in 
hydraulic model   

√ √ √ 

TRLIA levee improvement √ √ √ √ √ 

Marysville levee improvement √ √ √ √ √ 

Natomas levee improvement √ √ √ √ √ 

Bypass 

Widen Yolo Bypass
1
 & lengthen Fremont Weir 

   
√ √ 

Widen Sacramento Bypass and Gates    √  

Widen Sutter Bypass 
   

√ √ 

Feather to Butte Basin (Biggs) Bypass 
   

√ √ 

R
e
s
e
rv

o
ir

 
S

to
ra

g
e
  

a
n

d
 O

p
e
ra

ti
o

n
s

 

Folsom Dam Joint Federal Project √ √ √ √ √ 

Lake Oroville: Modify Lake Oroville release 
schedule    

√  

New Bullards Bar and Lake Oroville:  
Implement coordinated operation of the 
Feather-Yuba River Basin 

√ √ √ √ √ 

F
lo

o
d

p
la

in
  

S
to

ra
g

e
 Sutter Butte Basin  

   
√  

Feather River Basin 
   

√  

Elkhorn 
   

√  

Merritt Island 
   

√  

Notes: 
55/57 levee design profile was the design standard for the State 
Plan of Flood Control. 
1
  Use off-stream storage to model levee setback. 

Key: 
EFSC = Enhance Flood System Capacity Approach 
NPRJ = No project 
PHRC = Protect High Risk Communities Approach 
RM = River Mile 

SPFC = State Plan of Flood Control 
SSIA = State Systemwide Investment Approach 
TRLIA = Three Rivers Levee Improvement 
Authority 
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Table 3-2.  Summary of San Joaquin River Basin Modeling Assumptions 

Element Description 
No 

Project 
(NPRJ) 

Achieve SPFC 
Design Flow 

Capacity 
(SPFC) 

Protect High 
Risk 

Communities 
(PHRC) 

Enhance Flood 
System 

Capacity 
(EFSC) 

State Systemwide 
Investment 

(SSIA) 

Levee  
Setback 

SJR RM115 to 99 
   

√  

SJR RM 81.5 to 72.5 
   

√  

L
e
v
e
e
 I

m
p

ro
v
e
m

e
n

t Restore 55/57 levee design profile:  
Assume levees breach at top of levee in 
hydraulic model  

√ 
 

√  

Fix urban area levees:  
Assume levees breach at top of levee in 
hydraulic model   

√ √ √ 

Restore bypass levees: 

Assume levees breach at top of levee in 
hydraulic model   

√ 
 

√  

Bypass Widen Paradise Cut 
   

√ √ 

R
e
s
e
rv

o
ir

 S
to

ra
g

e
  

a
n

d
 O

p
e
ra

ti
o

n
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 New Don Pedro Reservoir: 

Increase flood storage allocation by 230,000 
acre-feet     

√  

Friant Dam and Millerton Lake: Increase 
flood storage allocation by 60,000 acre-feet     

√  

New Exchequer Dam and Lake: Increase 
flood storage allocation by 100,000 acre-feet     

√  

F
lo

o
d

p
la

in
  

S
to

ra
g

e
 

Roberts Island 
   

√  

San Joaquin River: between Merced and 
Tuolumne rivers    

√  

San Joaquin River: between Tuolumne River 
and Stanislaus River    

√  

Note: 
55/57 levee design profile was the design standard for the State Plan of Flood Control 

Key: 
EFSC = Enhance Flood System Capacity Approach 
NPRJ = No project 

PHRC = Protect High Risk Communities Approach 
RM = river mile 
SJR = San Joaquin River 

SPFC = State Plan of Flood Control 
SSIA = State Systemwide Investment Approach 
TRLIA = Three Rivers Levee Improvement Authority 
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Frequent flows, with an AEP of greater than 10 percent (e.g., return period 

less than 10-year), were not modeled because the Sacramento River flood 

management systems can handle at a minimum floods that have AEPs of 

4 percent or greater (25-year or less return period).  Therefore, it is 

anticipated that storms with greater than a 10 percent AEP would not cause 

serious economic impacts. 

Interior Boundary Conditions 

Interior boundary conditions define the connections between stream 

reaches, as well as between stream reaches and other parts of the model. 

The UNET model uses flow and stage continuity to control normal reach 

connections.  Extensive topographic data were collected and incorporated 

during Comprehensive Study model development to represent river channel 

alignment, cross sections, and bridge geometries in the UNET model 

(USACE, 2002c).  During the model development process for the 2012 

CVFPP, updates were made to cross sections in the Tisdale and Yolo 

bypasses to reflect excavation work completed on those two areas after the 

Comprehensive Study (DWR, 2006a and 2006b). 

Downstream Boundary Conditions 

To function properly, a hydraulic model of a river system must define the 

water surface elevation at the downstream end of all model reaches not 

connected to another reach or river.  Downstream boundary conditions are 

usually in the form of tailwater stage hydrographs that describe the 

variation of the downstream water surface elevation over time. 

The downstream boundaries for the Sacramento River hydraulic model are 

in the Delta, and, as a result, represent tailwater conditions under tidal and 

estuary influences.  Tailwater hydrographs for the Sacramento River 

hydraulic model include the Sacramento River at Collinsville and the 

downstream ends of Three-Mile and Georgiana sloughs.  The tailwater 

hydrographs were developed from information gathered at tide gages 

during the 1997 flood, which represents conservative or high tailwater 

conditions. 

Internal Boundary Conditions 

As mentioned, interior boundary conditions define the connections between 

stream reaches, and between stream reaches and other parts of the model. 

Internal boundary conditions, however, are placed in the model to represent 

levee failure scenarios or storage interactions, spillways or weir 

overflow/diversion structures, bridge or culvert hydraulics, or pumped 

diversions. 
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Operation rules for weirs are embedded in the model.  For example, the 

Colusa Weir was modeled as an uncontrolled lateral spillway 1,736 feet 

long that begins spilling at a river elevation of 58.89 feet.  As another 

example, the Sacramento Weir was modeled as a controlled lateral 

spillway.  All 48 gates on the weir were modeled in groups of 8. Each 

group of eight gates is 300 feet wide and was explicitly named so that it can 

be referenced in the boundary conditions for a time series of gate openings. 

Levee Breach Modeling 

The Sacramento UNET model, for the No Project condition, simulates 

levee breaches using the simple levee failure option; once the water surface 

elevation at a levee breach location reaches the PFP elevation, the levee 

breaches and allows water to flow from the channel to the attached storage 

(floodplain) area, consequently reducing the stage at the breach and the 

flow downstream in the channel.  Levee breach locations and elevations 

were from levee performance curves developed from data from the ULE 

and NULE projects. 

The simple levee failure option used in the Sacramento UNET model 

applies a simple storage connection concept in which the flow through a 

breach is computed by multiplying the volume of available storage by a 

coefficient.  Because information on the size and evolution of breaches in 

levee systems is limited, and detailed levee breach information is often not 

available, modeling of embankment failures is not practical.  The UNET 

simple linear storage algorithm acknowledges this lack of data and applies 

a simple concept for filling a storage area behind a levee.  Flow into the 

storage area behind the levee is assumed to be proportional to the available 

storage (i.e., flow through a breach is greatest at the start of the levee 

breach and decreases as the leveed area fills).  This procedure also has a 

computational advantage in that it is stable and would function with larger 

time steps. 

3.5.2 San Joaquin UNET Model 

Simulation Period 

The simulation period of the San Joaquin River Basin UNET model is from 

10:00 a.m., January 15, through 12 a.m., February 3.  Peak flows for all 

flood events occur in the simulation between January 18 and 20. 

Upstream Boundary Conditions 

Upstream boundary conditions for the San Joaquin River UNET model are 

flow hydrographs (i.e., discharge in cfs over time) for each particular flood 

at the upstream boundary of all reaches that are not connected to another 

reach at their upstream end. 
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The use of regulated and unregulated hydrographs in the San Joaquin River 

UNET model are the same as described for the Sacramento River UNET 

model in Section 3.5.1.  As described in Attachment 8A: Hydrology, 

upstream boundary conditions for the San Joaquin River Basin are 

hydrographs from five storm centerings: three mainstem centerings (El 

Nido, Newman, and Vernalis) and two tributary centerings (Friant Dam 

and Merced River). Each storm centering had six flood events, with AEPs 

of 10, 4, 2, 1, 0.5, and 0.2 percent, corresponding to 10-, 25-, 50-, 100-, 

200-, and 500-year return periods. 

Frequent flows with an AEP of greater than 10 percent (e.g., return period 

less than 10-year) were not modeled because the San Joaquin River flood 

management system can handle at a minimum flood events that have AEPs 

of 10 percent or greater (10-year or less return period).  Therefore, it is 

anticipated that storms with greater than a 10 percent AEP (e.g., return 

period of less than 10-years) would not cause serious economic impacts. 

Interior Boundary Conditions 

Interior boundary conditions define the connections between stream 

reaches, as well as between stream reaches and other parts of the model. 

The UNET model uses flow and stage continuity to control normal reach 

connections.  Extensive topographic data were collected and incorporated 

during Comprehensive Study model development to represent river channel 

alignment, cross sections, and bridge geometries in the UNET Model 

(USACE, 2002c). 

Downstream Boundary Conditions 

The downstream boundaries for the San Joaquin River hydraulic model are 

in the Delta, and, as a result, represent tailwater conditions under tidal and 

estuary influences.  The four tailwater hydrographs for the San Joaquin 

River are (1) Grant Line Canal at Tracy Boulevard, (2) Middle River at 

Highway 4, (3) Old River at Tracy Boulevard, and (4) the San Joaquin 

River at the Stockton Deep Water Ship channel.  The tailwater hydrographs 

were developed from information gathered at tide gages during the 1997 

flood, which represents conservative or high tailwater conditions. 

Internal Boundary Conditions 

Operation rules for weirs are embedded in the model. For example, the 

bifurcation/diversion structure from the San Joaquin River to the 

Eastside/Chowchilla Bypass was modeled to control the upstream water 

surface in the San Joaquin River to an elevation of 172.5 feet NGVD29 

using a rating table that divides the flows between the San Joaquin River 

and the Eastside/Chowchilla Bypass. The model also assumes that 12,500 

cfs is the largest flow that would reach the bifurcation structure because 

higher flows would cause upstream levee breaches. The bifurcation/ 
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diversion structure from the Eastside/Chowchilla Bypass to the Mariposa 

Bypass and Deep Slough was modeled in the same manner, with the 

upstream pool elevation held to an elevation of 97 feet NGVD29 and flows 

divided between the Mariposa Bypass and Deep Slough. Flows in excess of 

30,000 cfs were assumed to overtop the control structure and surrounding 

levees. 

Levee Breach Modeling 

Similar to the Sacramento River Basin, the San Joaquin River Basin UNET 

model, for the No Project condition, uses the simple levee failure option to 

simulate levee breaches when water surface elevation at a specific levee 

breach location reaches the PFP elevation.  Levee breach locations and 

elevations were from levee performance curves developed from data from 

the ULE and NULE projects. 

3.6 Model Assumptions: Achieve SPFC Design 
Flow Capacity Approach 

This approach focuses on improving existing SPFC facilities so that they 

can convey their design flows with a high degree of reliability based on 

current engineering criteria. Levee improvements would be made to SPFC 

levees regardless of the areas they protect.  

Tables 3-1 and 3-2 show modeling assumptions for the Sacramento and 

San Joaquin river basins, respectively, for the No Project condition and 

each of the CVFPP approaches.  The following sections describe specific 

assumptions for the Sacramento and San Joaquin UNET models for the 

Achieve SPFC Design Flow Capacity Approach. 

3.6.1 Sacramento UNET Model 

Upstream, Downstream, Interior, and Internal Boundary Conditions 

Upstream, downstream, interior, and internal boundary conditions were 

unchanged from the No Project condition. 

Levee Breach Modeling 

For the Achieve SPFC Design Flow Capacity Approach, the breach 

elevation at each levee breach point on an SPFC levee was set to be the 

55/57 design profile (the design standard for construction of the State Plan 

of Flood Control) plus freeboard (3 feet), or the existing TOL elevation as 

determined by the ULE and NULE projects, whichever was greater.  This 

means repairing or reconstructing all SPFC levees to their design TOL, or 

the existing TOL, whichever is greater.  For the purposes of hydraulic 
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modeling on a systemwide scale, a reconstructed levee is assumed to have 

zero probability of failure until it is overtopped. 

3.6.2 San Joaquin UNET Model 

Upstream, Downstream, Interior, and Internal Boundary Conditions 

Upstream, downstream, interior, and internal boundary conditions were 

unchanged from the No Project condition. 

Levee Breach Modeling 

For the Achieve SPFC Design Flow Capacity Approach, the breach 

elevation at each levee breach point on an SPFC levee was set to be the 

55/57 design profile plus freeboard (3 feet), or the existing TOL elevation 

as determined by the ULE and NULE projects, whichever is greater.  This 

means repairing or reconstructing all SPFC levees to their design TOL, or 

the existing TOL, whichever is greater.  For the purposes of hydraulic 

modeling on a systemwide scale, a reconstructed levee is assumed to have 

zero probability of failure until it is overtopped. 

3.7 Model Assumptions: Protect High Risk 
Communities Approach 

This approach evaluates improvements to levees to protect life, safety, and 

property for high risk population centers, including urban and small 

communities. Levees in rural-agricultural areas would remain in their 

existing configurations. 

Tables 3-1 and 3-2 show modeling assumptions for the Sacramento and 

San Joaquin river basins, respectively, for the No Project condition and 

each of the CVFPP approaches.  The following sections describe specific 

assumptions for the Sacramento UNET Model and San Joaquin UNET 

Model for the Protect High Risk Communities Approach. 

3.7.1 Sacramento UNET Model 

Upstream, Downstream, Interior, and Internal Boundary Conditions 

Upstream, downstream, interior, and internal boundary conditions were 

unchanged from No Project. 

Levee Breach Modeling 

For the Protect High Risk Communities Approach, breach elevations for all 

levees were the same as for the No Project condition, except levees in 

urban areas, where the elevations of the levees were raised to a design 

water surface elevation that would pass a flood with a 0.5 percent AEP 
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(200-year), with 3 feet of freeboard.  The breach elevations for all levees 

that were modified as part of this approach were set to the TOL, meaning 

that for the purposes of hydraulic modeling on a systemwide scale, the 

probability of levee failure is zero until the levee is overtopped.  If an 

existing urban levee had a TOL that was already higher than the 0.5 percent 

AEP design water surface plus freeboard, the TOL was left as existing, and 

the breach elevation was set to the TOL. 

3.7.2 San Joaquin UNET Model 

Upstream, Downstream, Interior, and Internal Boundary Conditions 

Upstream, downstream, interior, and internal boundary conditions were 

unchanged from No Project. 

Levee Breach Modeling 

For the Protect High Risk Communities Approach, breach elevations for all 

levees were the same as for the No Project condition, except levees in 

urban areas, where the elevations of the levees were raised to a design 

water surface elevation that would pass a flood with a 0.5 percent AEP 

(200-year), with 3 feet of freeboard.  The breach elevations for all levees 

that were modified as part of this approach were set to the TOL, meaning 

that for the purposes of hydraulic modeling on a systemwide scale, the 

probability of levee failure is zero until the levee is overtopped.  If an 

existing urban levee had a TOL that was already higher than the 0.5 percent 

AEP design water surface plus freeboard, the TOL was left as existing, and 

the breach elevation was set to the TOL. 

3.8 Model Assumptions: Enchance Flood 
System Capacity Approach 

This approach evaluates opportunities to achieve multiple benefits through 

enhanced flood system storage and conveyance capacity, to protect high 

risk communities, and to fix levees in place in rural-agricultural areas. This 

approach combines the features of the above two approaches and provides 

more room within flood conveyance channels to lower flood stages 

throughout most of the system, with additional features and functions for 

ecosystem restoration and enhancements. 

Tables 3-1 and 3-2 show modeling assumptions for the Sacramento and 

San Joaquin river basins, respectively, for the No Project condition and 

each of the CVFPP approaches.  The following sections describe specific 

assumptions for the Sacramento and San Joaquin UNET models for the 

Enhance Flood System Capacity Approach. 
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3.8.1 Sacramento UNET Model 

Upstream, Downstream, and Interior Boundary Conditions 

Upstream boundary conditions were modified to include reservoir 

operation criteria modifications at Oroville Dam and New Bullards Bar 

Dam as described in Attachment 8B: Reservoir Analysis.  Downstream and 

interior boundary conditions were unchanged from the No Project 

condition. 

Levee Breach Modeling 

For the Enhance Flood System Capacity Approach, the breach elevation at 

each levee breach point on a nonurban SPFC levee was set to be the 55/57 

design profile (the design standard for construction of the State Plan of 

Flood Control) plus freeboard (3 feet), or the existing TOL elevation as 

determined by the ULE and NULE projects, whichever was greater.  This 

means repairing or reconstructing all nonurban SPFC levees to their design 

TOL, or the existing TOL, whichever is greater. 

Levee breach elevations of urban levees were raised to a design water 

surface elevation that would pass a flood with a 0.5 percent AEP (200-

year), with 3 feet of freeboard or the 55/57 design profile with 3 feet of 

freeboard, whichever was greater.  The breach elevations for urban levees 

were set to the TOL, meaning that for the purposes of hydraulic modeling 

on a systemwide scale, the probability of levee failure is zero until the 

levee is overtopped.  If an existing urban levee had a TOL that was already 

higher than the 0.5 percent AEP design water surface plus freeboard, the 

TOL was left as existing, and the breach elevation was set to the TOL. 

The breach elevations for levees on both sides of the channel in reaches 

where levees were setback were set to the TOL, representing the new 

setback levees and modifications to the existing levees.  A reconstructed 

levee is assumed to have zero probability of failure until it is overtopped. 

Internal Boundary Conditions 

Internal boundary conditions were modified to include floodplain storage 

on easements, as described in Table 3-1.  Storage areas were also used in 

the Yolo Bypass to represent widening of the bypass. Two sets of eight 

gates were added to the Sacramento Bypass structure.  The length of the 

Fremont Weir was increased by 1 mile. A 25,000 cfs bypass was added 

between the Feather River near Biggs and the Butte Basin. 

Cross Section Modifications 

Cross sections were modified in specified reaches (Table 3-1) of the 

Sacramento and Feather rivers to represent levee setbacks.  Cross sections 

were also modified in the Sutter, Yolo, and Sacramento bypasses to 
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represent widening of the bypasses.  Cross sections were added to represent 

the bypass between the Feather River and the Butte Basin. 

3.8.2 San Joaquin UNET Model 

Upstream, Downstream, and Interior Boundary Conditions 

Upstream boundary conditions were modified to include reservoir 

operation criteria modifications to Friant, New Exchequer, and New Don 

Pedro dams as described in Attachment 8B: Reservoir Analysis. 

Downstream and interior boundary conditions were unchanged from the No 

Project condition. 

Levee Breach Modeling 

For the Enhance Flood System Capacity Approach, the breach elevation at 

each levee breach point on a nonurban SPFC levee was set to be the 55/57 

design profile plus freeboard (3 feet), or the existing TOL elevation as 

determined by the ULE and NULE projects, whichever is greater.  This 

means repairing or reconstructing all nonurban SPFC levees to their design 

TOL, or the existing TOL, whichever is greater. 

Levee breach elevations of urban levees were raised to a design water 

surface elevation that would pass a flood with a 0.5 percent AEP (200-

year), with 3 feet of freeboard or the 55/57 design profile with 3 feet of 

freeboard, whichever was greater.  The breach elevations for all levees that 

were modified as part of this approach were set to the TOL, meaning that 

for the purposes of hydraulic modeling on a systemwide scale, the 

probability of levee failure is zero until the levee is overtopped.  If an 

existing urban levee had a TOL that was already higher than the 0.5 percent 

AEP design water surface plus freeboard, the TOL was left as existing, and 

the breach elevation was set to the TOL. 

The breach elevations for levees on both sides of the channel in reaches 

where levees were setback were set to the TOL, representing the new 

setback levees and modifications to the existing levees.  A reconstructed 

levee is assumed to have zero probability of failure until it is overtopped. 

Internal Boundary Conditions 

Internal boundary conditions were modified to include storage on 

floodplain easements, as outlined in Table 3-2. 

Cross Section Modifications 

Cross sections were modified to represent levee setbacks along the 

mainstem San Joaquin River at locations between the Merced and 

Stanislaus rivers, as described in Table 3-2. 
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3.9 Model Assumptions: State Systemwide 
Investment Approach 

The State Systemwide Investment Approach (SSIA) reflects the State’s 

strategy to address current challenges and affordably meet the 2012 CVFPP 

Goals.  The preliminary approaches, described previously, suggested a 

broad range of physical and institutional flood damage reduction actions to 

improve public safety and achieve economic, environmental, and social 

sustainability. The SSIA is an assembly of the most promising, affordable, 

and timely elements of the three preliminary approaches. 

Tables 3-1 and 3-2 show modeling assumptions for the Sacramento and 

San Joaquin river basins, respectively, for the No Project condition and 

each of the CVFPP approaches.  The following sections describe specific 

assumptions for the Sacramento and San Joaquin UNET models for the 

State Systemwide Investment Approach. 

3.9.1 Sacramento UNET Model 

Upstream, Downstream, and Interior Boundary Conditions 

Upstream, downstream, and interior boundary conditions were unchanged 

from the No Project condition. 

Internal Boundary Conditions 

Storage areas were used in the Yolo Bypass to represent widening of the 

bypass.  The length of the Fremont Weir was increased by 1 mile. A bypass 

was added between the Feather River near Biggs and the Butte Basin. 

Cross Section Modifications 

Cross sections were modified in the Sutter and Yolo bypasses to represent 

widening of the bypasses.  Cross sections were added to represent the 

25,000 cfs Biggs Bypass from the Feather River to the Butte Basin. 

Levee Breach Modeling 

Levee breach elevations were the same as in the Protect High Risk 

Communities Approach, except that new levees resulting from widening 

the Yolo and Sutter bypasses were assumed to fail only on overtopping. 

3.9.2 San Joaquin UNET Model 

Upstream, Downstream, Interior, and Internal Boundary Conditions 

Upstream, downstream, interior, and internal boundary conditions were 

unchanged from the No Project condition. 
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Levee Breach Modeling 

Levee breach elevations were the same as the Protect High Risk 

Communities Approach. 

3.10 Model Limitations 

It is important to note some of the basic capabilities, assumptions, and 

limitations inherent with the UNET models.  UNET is used to simulate 

one-dimensional, fully unsteady flow.  It is a fixed-bed analysis and does 

not account for sediment movement, scour, or deposition.  The models 

assume no exchange with groundwater.  The model is intended to 

adequately reproduce levee breaks and breaches and simulate channel 

hydraulics.  The spacing of cross sections in the UNET models (1,000 to 

1,500 feet) is appropriate for large systemwide analyses; however, it also 

limits the application of these models to analysis requiring more detail. 

3.11 Model Output Formats 

As an unsteady flow model, UNET produces extensive results.  For 

purposes of this attachment, the results are displayed as Stage- and Flow-

Frequency curves and as Out-of-System Flows, as described below. 

3.11.1 Stage- and Flow-Frequency Curves 

Outputs from the hydraulic models would be shown in two formats: stage-

frequency curves and flow-frequency curves.  For a given location and 

return period, the highest peak stage, generated by any of the storm 

centerings, was selected to represent the maximum stage for that location 

and return period.  The maximum stages for all return periods were plotted 

to generate the stage-frequency curve, as illustrated in Figure 3-4 using 

stages for only two sets of storm centerings to simplify the example.  This 

same approach was used to obtain the flow-frequency curve for each 

location. 
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Figure 3-4.  Illustration of Stage-Frequency Curve 

3.11.2 Out-of-System Flows 

To understand the operation of the flood management system, it is also 

necessary to know how much of a flood has left the river channels and has 

entered the floodplain.  In a leveed reach of a river, this would mean that 

the levee had breached and water was leaving the river channel and 

entering the floodplain behind the levee.  A levee breach can have a 

significant effect on stage and flow in the river channel adjacent to or 

downstream from the breach. 

If a flood management system approach improves levees, floodwater that 

would have previously left the channel through a levee breach would 

continue downstream, thus increasing stage and flow at downstream 

locations and potentially causing downstream levee breaches.  In addition, 

stages in the river would increase at the location where the breach 

previously occurred. 
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4.0 Sacramento and San Joaquin 
River Basins Results 

Figures 4-1 and 4-2 indicate the locations in the Sacramento and San 

Joaquin river basins at which stage- and flow-frequency curves will be 

plotted to allow comparison of the operations of the flood management 

systems among the No Project condition and the various approaches.  The 

floodplains of the Sacramento and San Joaquin river basins have been 

subdivided into flood zones, which are also shown in Figures 4-1 and 4-2.  

Out-of-system volume in the flood zones was used in conjunction with the 

flow- and stage-frequency curves to demonstrate how the approaches differ 

as to in-channel flows, stage, and out-of-channel flow at various locations 

in each river basin. 

It is important to remember that the results shown in this section area based 

come from a systemwide analysis and while they are indicative of system 

problems and general results from the various approaches, the results 

should not be used to design or analyze any specific location.  Model 

results at a given location are often highly dependent on the upstream 

modeling assumptions. 

All graphic and tabular results referenced in this section have been placed 

at the end of this section for easier access and readability. 

4.1 Sacramento River Basin 

This section describes UNET model output for the Sacramento River Basin 

and the simulated peak flow rates and stages for storms of various 

frequencies for the No Project condition and all approaches. 

There are 13 model output locations in the Sacramento River Basin (see 

Figure 4-1).  Seven locations are along the Sacramento River; the 

remaining six are on the Feather River, American River, Sutter Bypass, and 

Yolo Bypass. 

Abbreviations are used on the flow- and stage-frequency plots to designate 

the No Project condition and the approaches, as follows: 

• No Project = No Project Condition 

• SPFC = Achieve SPFC Design Flow Capacity Approach 
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• PHRC = Protect High Risk Communities Approach 

• EFSC = Enhance Flood System Capacity Approach 

• SSIA = State Systemwide Investment Approach 

4.1.1 Flow- and Stage-Frequency Curves 

Figures 4-3 through 4-15 show flow- and stage-frequency curves for all of 

the approaches for each of the 13 selected output locations in the 

Sacramento River Basin (Figure 4-1).  Because of differences in elevations 

and flows between the output locations, scales on the flow- and stage-

frequency curves are not the same for all the output locations. 

A detailed result description is given on the facing page of each of the 

paired flow- and stage- frequency curves (Figures 4-3 through 4-15). 

4.1.2 Out-of-System Volumes 

Figure 4-1 shows the geographic extent of designated flood zones in the 

Sacramento River Basin.  The flood zones are groupings of impact areas or 

floodplains used to tabulate the volume of floodflows leaving the flood 

management system during a given flood.  Table 4-1 contains the out-of-

system volume for each of the approaches in each of the flood zones.  

These out-of-system volumes are instrumental in understanding the 

function of the system.  For example, the stage at a given location may be 

lower for the 100-year flood than for the 50-year flood.  If flood zones 

upstream from this location are reviewed and a significant increase is 

observed in out-of-system volume in the upstream flood zones between the 

50- and the 100-year floods, it can be concluded that a levee breach 

upstream from the location likely has reduced the flows to a level less than 

the 50-year flow. 

Another example would be a location where the stage between No Project 

condition and one of the approaches increases significantly for the same 

AEP flood.  Again, if upstream out-of-system volume is reduced, it can be 

concluded that additional flow remains in the river because upstream levees 

may have been reconstructed or raised and no longer breach as they did in 

the No Project condition. 

4.1.3 Flows to Delta 

Table 4-2 contains the volume of flow entering the Delta for the No Project 

condition and each of the approaches for the Sacramento River Basin. Flow 

volume into the Delta is another important factor to consider when 

comparing approaches.  The model measures flow volume into the Delta as 

the sum of the volume in the Yolo Bypass that passes Lisbon and the flow 
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volume downstream from the confluence of the Sacramento and American 

rivers. 

4.2 San Joaquin River Basin  

This section describes the UNET model output for the San Joaquin River 

Basin and the simulated peak flow rates and stages for storms of various 

frequencies for the No Project condition and all approaches. 

There are nine model output locations in the San Joaquin River Basin (see 

Figure 4-2).  Six locations are along the San Joaquin River; the remaining 

three are on the Fresno River, Chowchilla Bypass, and Eastside Bypass. 

4.2.1 Flow- and Stage-Frequency Curves 

Results of the San Joaquin River Basin UNET model were processed using 

the same methodology used for the Sacramento River Basin.  Figures 4-16 

through 4-25 show flow- and stage-frequency curves for all of the 

approaches, for each of the nine selected output locations in the San 

Joaquin River Basin (Figure 4-2).  Because of differences in elevations and 

flows between the output locations, scales on the flow- and stage-frequency 

curves are not the same for all the output locations. 

A detailed result description is given on the facing page of each of the 

paired flow- and stage- frequency curves (Figures 4-16 through 4-25). 

4.2.2 Out-of-System Volumes 

Figure 4-2 shows the geographic extent of designated flood zones in the 

San Joaquin River Basin.  Table 4-3 contains the out-of-system volume for 

each of the approaches in each of the flood zones in the San Joaquin River 

Basin. These out-of-system volumes are instrumental in understanding the 

function of the system. 

4.2.3 Flows to the Delta 

Table 4-4 contains the volume of flow entering the Delta for the No Project 

condition and each of the approaches for the San Joaquin River Basin. The 

model measures flow volume into the Delta from the San Joaquin River as 

the volume that passes the gage at Vernalis. 

4.3 Summary Findings 

This section describes some of the systemwide findings that can be drawn 

from the data presented in this section. 
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4.3.1 Achieve SPFC Design Flow Capacity Approach 

Restoring all SPFC levees to their original design flow capacity for the 

Achieve SPFC Design Flow Capacity Approach would significantly reduce 

the number of levee breaks and therefore keep more flow in the river 

channels, causing increased stages and flows in both the Sacramento and 

San Joaquin river basins.  With the restored levees, the floodwaters that 

would have left the system in the No Project condition would continue 

downstream.  As the increased flows and stages continue downstream they 

cause levee breaks in the lower reaches of both the Sacramento and San 

Joaquin rivers (Tables 4-1 and 4-3), sometimes in places where the levees 

did not break in the No Project condition. 

Flow volumes entering the Delta increase significantly over the No Project 

condition for all flood frequencies in both river basins (Tables 4-2 and 4-4). 

Protect High Risk Communities Approach 

The Protect High Risk Communities Approach modifies urban levees to 

pass the 200-year (0.5 percent AEP) flood with 3 feet of freeboard.  Since 

only urban levees and a few small communities are modified, flows and 

stages in both the Sacramento and San Joaquin river basins would remain 

essentially the same as for No Project condition.  The only exceptions 

would arise if an urban area sustained a levee breach in the No Project 

condition.  In that case, the flows and stages downstream would increase 

due to the rebuilding of the urban levee so that the levee breach did not 

occur. 

Flow volumes entering the Delta are essentially the same as No Project 

condition for all floods, except for the 0.2 percent AEP (500-year) flood in 

which some urban areas that had levee breaches in the No Project condition 

remain dry, sending additional flow into the Delta. 

Enhance Flood System Capacity Approach 

The Enhance Flood System Capacity Approach modifies urban levees to 

pass the 200-year (0.5 percent AEP) flood with 3 feet of freeboard.  In 

addition, the breach elevations for nonurban SPFC levees were set to be the 

55/57 design profile (the design standard for construction of the State Plan 

of Flood Control) plus freeboard (3 feet), or the existing TOL elevation as 

determined by the ULE and NULE projects, whichever was greater. 

Other key components of the approach are added upstream reservoir 

storage, widened and new bypasses, levee setbacks, and floodplain storage.  

The added upstream storage would result in lower stages in the upper 

Feather, San Joaquin, Merced, and Tuolumne rivers.  Floodplain storage 

and levee setbacks would result in lower stages in the Sutter Bypass and 

lower Feather River, as well as the Sacramento River downstream from the 
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Tisdale Weir.  These lower stages would continue downstream in the Yolo 

Bypass and lower Sacramento River.  Higher stages would be seen in the 

Chowchilla and Eastside bypasses as a result of levee fixes that increase the 

volume of water remaining in the bypasses all the way from the San 

Joaquin River to the Merced River.  Stages downstream from the 

Tuolumne River to Stockton would also be lowered as a result of 

floodplain storage and levee setbacks. 

Even though restoring all urban and SPFC levees as described above 

should result in additional flow volumes entering the Delta, flow volumes 

entering the Delta are significantly decreased for the 10, 4, 2, and 1 percent 

(10-, 25, 50-, 100-year) floods as a result of the added upstream reservoir 

and floodplain storage.  For the 0.5 and 0.2 percent AEP (200- and 500-

year) floods the reservoir and floodplain storage is not enough to prevent 

an increase in flow into the Delta. 

State Systemwide Investment Approach 

The State Systemwide Investment Approach consists of the same 

improvements to urban levees included in the Protect High Risk 

Communities Approach.  In addition, a new bypass (Biggs) and widening 

of the Yolo and Sutter bypasses are included in the Sacramento River 

Basin, and Paradise Cut Bypass is widened in the San Joaquin River Basin.  

Flows and stages for the State Systemwide Investment Approach are 

similar to the Protect High Risk Communities Approach, except where 

changes to the bypasses reduce stages. 

Flows entering the Delta from the Sacramento River Basin are marginally 

increased for less frequent floods because there are fewer levee breaches as 

a result of the urban levee improvements and the widening of the bypasses.  

Flows entering the Delta from the San Joaquin River Basin are essentially 

the same as for the Protect High Risk Communities Approach. 
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Figure 4-1.  Sacramento River Basin Output Locations and Flood Zones 
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Figure 4-2.  San Joaquin River Basin Output Locations and Flood Zones 
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• No Project Condition and All Approaches –No 
modifications to the existing flood management system 
upstream from this location or in close proximity 
downstream, so flows are the same for all cases (flows are 
largely controlled by boundary inflows). Flows decrease 
slightly for the 0.5 percent and 0.2 percent floods because 
higher flows cause more outflow through levee breaks. 
However, stage continues to rise for larger flood events as 
a result of increasing backwater effects resulting from 
increased flows downstream. 

• SPFC Approach – Restoring SPFC levees (to the 57 
design profile) reduces the number of levee breaks 
downstream from this location, without any improvements 
to reservoir flood management pools, floodplain storage 
capacity, bypass conveyance capacity, or channel 
conveyance capacity, resulting in higher stages 
downstream from this location than in No Project condition 
or other approaches. This backwater effect travels 
upstream to this location, and causes stages to increase 
slightly. 
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Figure 4-3.  Flow- and Stage-Frequency Curves: Sacramento River Downstream from Ord 
Ferry [1] 
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• No Project Condition and All Approaches –Flow and 
stage are similar for all events through the 1 percent AEP 
flood because there are few modifications to the flood 
management system upstream from this location for any of 
the approaches. 

• SPFC Approach – River stage increases slightly at the 
0.5 percent and 0.2 percent AEP events compared to the 
No Project condition due to increased backwater, which 
results from SPFC levee restoration downstream from this 
location. However, flow decreases because there is more 
flow over the Colusa Weir, as a result of the higher stage. 

• EFSC Approach – Stage decreases at the 0.5 percent 
and 0.2 percent AEP events as a result of levee setbacks 
in this reach of the river. Flow also decreases at the 0.2 
percent flood as a result of Sutter bypass widening, which 
results in a lows stage in the Colusa Bypass at Colusa 
Weir, and allows more flow the enter the bypass. 
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Figure 4-4.  Flow- and Stage-Frequency Curves: Sacramento River Downstream from 
Colusa Weir [2] 
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• No Project Condition and PHRC Approach – Levees 

break along the Sutter Bypass upstream from the 
Tisdale Bypass at the 0.5 percent AEP flood event and 
greater, increasing flow over the Tisdale weir by 
lowering the backwater from the Sutter Bypass, thus 
preventing any major increases in flow or stage 
downstream from the weir. 

• SPFC Approach – Restoring SPFC levees prevents a 
number of upstream levee breaks for the 1 percent 
AEP flood and greater, increasing in-channel flow and 
river stage upstream from the Tisdale Bypass 
compared to the No Project condition. However, the 
flow over the Tisdale Weir into the Tisdale Bypass is 
generally similar to or less than in the No Project 
condition, because the stage in the Tisdale and Sutter 
bypasses is higher (increased stage upstream 
increases flow over the Moulton and Colusa weirs, so 
the stage in the Sutter Bypass is higher, resulting in a 
greater backwater effect on the Tisdale Bypass).  

• EFSC Approach – The widened Sutter Bypass lowers 
the stage and allows more flow over the Tisdale weir 
compared to the No Project condition, as in the SSIA. 
For the 0.2 percent AEP flood event, the flow in the 
Sacramento River upstream from the Tisdale Weir 
increases as a result of levee restoration, but there is 
also significantly more flow over the Tisdale Bypass as 
a result of the higher stage in the Sacramento River, so 
flow and stage are similar to the No Project condition. 

• SSIA – Stage in the Tisdale Bypass is significantly 
lower than in the No Project condition through the 0.5 
percent AEP flood as a result of widening the Sutter 
Bypass. The stage in the Sacramento River above the 
Tisdale Weir is similar for those events, so flow over 
the Tisdale Weir into the Tisdale bypass is greater. 
Increasing flow over the Tisdale Weir at the 0.5 percent 
AEP event prevents any major change in flow or stage 
downstream on the Sacramento River. For the 0.2 
percent AEP event, flow and stage tend to converge 
with the No Project condition because some of the 
water in the floodplain enters the Tisdale Bypass, 
which increases the backwater effect in the bypass to a 
level similar to the No Project condition (floodplain 
flows also reenter the bypass in the No Project 
condition, but at a lower rate, because the stage in the 
bypass is higher when inflow begins). 
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Figure 4-5.  Flow- and Stage-Frequency Curves: Sacramento River Downstream from 
Tisdale Weir [3] 
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• SPFC Approach – Restoring SPFC levees (to the 55/57 
design profile) reduces the number of upstream levee 
breaks, resulting in generally higher in-channel flows.  The 
higher flows are particularly exaggerated for the 0.2 
percent AEP. River stages at this point are also higher as 
a result of the levee reconstruction included in this 
approach. 

• PHRC Approach – Produces results similar to the No 
Project condition at this location because there are few 
improved upstream urban levees, and effects from 
downstream changes in river flows resulting from urban 
levee improvements are negligible. 

• EFSC Approach – Improvements to the flood 
management system - including bypass improvements, 
additional floodplain storage areas, and increased 
reservoir flood management storage -reduce peak flows 
for smaller flood events. For larger flood events (0.5 
percent AEP and smaller), the relative effect of these 
improvements on in-channel flows is overwhelmed by the 
reduced number of upstream levee breaks (resulting from 
improved urban and restored non-urban levees), which 
tends to increase in-channel flows. Also, flow into an 
added floodplain storage area just downstream from this 
location significantly lowers the river stage adjacent to the 
storage area. This effectively reduces the backwater effect 
at the Feather River Confluence, which allows the for a 
temporarily higher flow rate along with a much lower stage 
compared to other approaches, especially during very 
large events. 

• SSIA – Flows are generally lower than the No Project 
condition because of bypass improvements, which 
increase their capacity and reduce river flows at this 
location. At the 0.2 percent AEP, significant levee breaks 
occur in the No Project condition, reducing flows and 
stages to a level closer to the SSIA approach. 
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Figure 4-6.  Flow- and Stage-Frequency Curves: Sacramento River Downstream from Feather 
River Confluence [4] 
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• No Project Condition, SPFC and PHRC Approaches – 
Flows are similar because the Sacramento Bypass diverts 
a similar portion of flow in each case. For the PHRC and 
SPFC approaches, stage is generally higher because 
levee restoration prevents some downstream levee 
breaks, increasing the backwater effect at this location. 

• EFSC Approach and SSIA – Flow and stage are lower 
than the No Project condition because of increased 
outflows through the widened Sacramento Bypass 
upstream from this location. 
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Figure 4-7.  Flow- and Stage-Frequency Curves: Sacramento River Downstream from 
American River Confluence [5] 
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  • SPFC Approach – Higher stages at this location than the No 
Project condition and the other approaches because restoration of 
all SPFC levees reduces the number of levee breaks both 
upstream and downstream from this point. However, the increased 
backwater effect (from increased downstream stages) tends to 
reduce the velocity of flow, leading to flow rates that are similar to 
or less than the No Project approach.   

• PHRC Approach – Leads to higher maximum stages than the No 
Project condition at this location because improved upstream 
urban levees would fail at higher flows, resulting in more flow 
remaining in the system and entering the Yolo Bypass. When that 
flow re-enters the Sacramento River at Rio Vista, it creates a 
backwater effect which extends up the Sacramento River to this 
location. Flows at this location are similar to No Project flows 
because the levees below Sacramento are unimproved, and tend 
to break at the same frequency as No Project levees. For large 
events, the backwater effect is great enough that flow rates are 
significantly reduced compared to the No Project condition, despite 
higher water surface elevations. 

• EFSC Approach – Improvements to the flood management 
system - including bypass improvements, additional floodplain 
storage areas, and increase reservoir flood management pools -
reduce peak flows for smaller flood events. For larger flood events 
(200 year and greater), the relative effect of these improvements 
on in-channel flows is overcome by the reduced number of 
upstream levee breaches (resulting from improved urban and non-
urban levees), which tends to increase in-channel flows. Also, an 
added floodplain storage area just downstream from this point 
accepts a large portion of river flow during the peak of each flood 
event, which significantly lowers the river stage adjacent to the 
storage area. This effectively reduces the backwater effect at 
Clarksburg, which allows for a temporarily higher flow rate along 
with a much lower stage compared to other approaches, especially 
during very large events. 

• SSIA – Bypass improvements reduce river flows at this location 
compared to the No Project condition for all flood events, despite 
the effect of improved urban levees (which act to increase in-
channel flows). Increased flows exiting the Yolo Bypass create a 
backwater effect on the Sacramento River, which results in higher 
peak water surface elevations at this location than the No Project 
condition for the 0.5 and 0.2 percent AEP events. 
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Figure 4-8.  Flow- and Stage-Frequency Curves: Sacramento River at Clarksburg [6] 
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• No Project Condition and All Approaches – Flows at 
this location are largely controlled by the amount of flow 
reentering the river from the Yolo Bypass through Cache 
Slough and Steamboat Slough, just upstream from this 
location. 

• SPFC Approach – Higher stages than the No Project 
condition and the other approaches through the 0.5 
percent AEP event because restoration of all SPFC levees 
reduces the number of levee breaks upstream from this 
location, which increases the amount of inflow to the Yolo 
Bypass. However, for the 0.2 percent AEP event, levees 
break along the Yolo bypass as a result of the increased 
stage. 

• EFSC Approach – Improvements in the Yolo Bypass as 
well as rehabilitation of upstream levees result in higher 
flows from the bypass into the river for the 0.2 percent 
AEP flood event. 

• SSIA – inflows to the Yolo Bypass are high, but levee 
breaks occur in the bypass in the 0.2 percent AEP flood 
event, resulting in decreased flow and stage at this 
location. 
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Figure 4-9.  Flow- and Stage-Frequency Curves: Sacramento River at Rio Vista [7] 
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• No Project Condition and PHRC Approach – Stage 
remains relatively constant for the 1 percent AEP event 
and greater as a result of upstream levee breaks along 
the Sutter Bypass. 

• SPFC Approach – Restoring SPFC levees reduces 
the number of upstream levee breaks in the bypass 
and along the Sacramento River, so more flow is 
retained in the channels and stage is increased 
compared to the No Project condition. For the 0.2 
percent AEP event, levees break upstream from this 
location, so there is relatively little increase in stage 
and flow. 

• EFSC Approach – Flow and stage are significantly 
reduced compared to the No Project condition as a 
result of the Sutter Butte Basin floodplain storage area, 
which is immediately upstream from this location and 
diverts a large portion of the bypass flow, especially for 
large flood events. 

• SSIA – Flows are generally higher than in the No 
Project condition as a result of the addition of the 
Feather to Butte Basin (Biggs) bypass, which conveys 
flow to the Sutter Bypass through Cherokee Canal and 
Butte Creek. However, stages are generally similar to 
the No Project condition as a result of bypass 
widening, which increases conveyance capacity for 
any given stage. 
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Figure 4-10.  Flow- and Stage-Frequency Curves: Sutter Bypass Downstream from 
Wadsworth Canal [8] 
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• No Project Condition and PHRC Approach – Levee 
breaks in the Sutter Bypass upstream from the 
Fremont weir in the 0.2 percent AEP event cause 
relatively little increase in flow and stage compared to 
the 0.5 percent AEP event. 

• SPFC Approach – Restoring SPFC levees reduces 
the number of upstream levee breaks, resulting in a 
higher stage at Fremont Weir and a higher flow rate 
into the Yolo Bypass over the weir compared to the No 
Project condition for all events. 

• EFSC Approach – Stage in the Yolo Bypass below the 
Fremont Weir is generally lower than in the No Project 
condition as a result of bypass widening. Through the 
0.5 percent AEP event, flows in the bypass are 
decreased by a number of upstream flood 
management actions, including floodplain storage and 
modified reservoir operations. However, for the 0.2 
percent AEP event, stage is higher than the No Project 
Condition, while flow is approximately equal, because 
water stored in the floodplain storage area along the 
Sacramento River below the Feather River overflows 
into the Yolo Bypass. These inflows increase the 
backwater effect at the Fremont Weir, resulting in 
increased stage and decreased flow over the weir. 

• SSIA – Widening of the Yolo Bypass results in a lower 
stage below the Fremont Weir for all events. However, 
flow is greater than in the No Project condition because 
the lower stage results in a decreased backwater 
effect, which allows more flow over the weir, and 
because there is more inflow to the Sutter Bypass from 
upstream weirs (also resulting from lower stage in the 
bypass) and from the addition of the Feather to Butte 
Basin (Biggs) Bypass. 
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Figure 4-11.  Flow- and Stage-Frequency Curves: Yolo Bypass Downstream from Fremont 
Weir [9] 
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• SPFC Approach – Results in higher stages at this location 
than the No Project condition and the other approaches 
through the 0.5 percent AEP event because restoration of 
all SPFC levees reduces the number of levee breaks 
upstream on the Sacramento River. This increases river 
stage, which causes more flow over the both weirs that 
control inflow to the bypass. However, at the 0.2 percent 
AEP event, the higher stages in the bypass result in levee 
breaks in the bypass upstream from this location, lowering 
the flow compared to the EFSC Approach and SSIA. 

• EFSC Approach – Maximum flow and stage in the bypass 
is increased at the 0.2 percent AEP event as a result of 
upstream levee improvements, which increases the inflow 
to the bypass, as well as widening of the bypass, which 
increases its maximum capacity. 

• SSIA – Flow in the bypass for the 0.2 percent AEP event 
is greater than in the No Project while stage is similar 
because widening the bypass increases its conveyance 
capacity at any given stage. However, levee breaks 
upstream from this location limit the inflow to the bypass 
compared to the SPFC and EFSC approaches. 
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Figure 4-12.  Flow- and Stage-Frequency Curves: Yolo Bypass at Lisbon [10] 
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• SPFC and PHRC Approaches – Flow and stage are 
higher than the No Project condition for the 0.2 percent 
AEP event because levee rehabilitation decreases the 
number of upstream levee breaks along the Feather River 
and more flows remain in the river channel. 

• EFSC Approach – Increased flood management storage 
in Lake Oroville and Feather-Sutter Bypass reduce peak 
stage and flow for all events. 

• SSIA – The Feather to Butte Basin (Biggs) Bypass diverts 
flow from the Feather River immediately downstream from 
Lake Oroville, which reduces flow and stage at this 
location compared to the No Project condition. 
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Figure 4-13.  Flow- and Stage-Frequency Curves: Feather River at Yuba City [11] 
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• No Project Condition and PHRC Approach – Levee 
breaks upstream from this location cause the flow and 
stage to be approximately equal for both cases. 

• SPFC Approach – Restoring SPFC levees reduces the 
number of upstream levee breaks along the Feather and 
Bear Rivers, retaining more in-channel flow compared to 
the No Project condition and increasing flow and stage. 

• EFSC Approach – Restoring SPFC levees reduces the 
number of levee breaks along the Bear River and 
increases in-channel flow. The increased flow from the 
Bear is more than offset by the increased flood 
management storage in Lake Oroville and diversion of 
flows from the upper Feather River through Feather to 
Butte Basin (Biggs) Bypass. Peak flows are generally 
similar to the No Project condition up through the 1 percent 
AEP event. For larger flood events, the rehabilitated 
levees prevent significant outflows from levee breaks and 
greatly increase peak flows compared to the No Project 
condition. 

• SSIA – Outflow from the Feather River through the 
Feather to Butte Basin (Biggs) Bypass causes river flow 
and stage to be lower than the No Project condition for all 
flood events 
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Figure 4-14.  Flow- and Stage-Frequency Curves: Feather River Downstream from Bear 
River Confluence [12] 
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• No Project Condition and All Approaches – No 
modifications to the flood control system upstream from 
this location, so flows and stages are similar for the No 
Project condition and all approaches. Inflows remain 
relatively constant through the 1 percent AEP event, as a 
result of upstream reservoir flood management. At the 0.2 
percent ARP event and greater, flows cause upstream 
levee breaks, but some of the flow in the floodplain returns 
to the channel upstream from this location. 
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Figure 4-15.  Flow- and Stage-Frequency Curves: American River at Goethe Bike Bridge [13] 
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Table 4-1.  Sacramento River Basin Simulated Out-of-System Volumes by Return Period for No 
Project Condition, and Change in Out-of-System Volumes for CVFPP Approaches 

 

Approach 
Return 
Period 
(years) 

Flood Zones 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
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V
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e
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c
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e
e
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10 7 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 

25 0 0 0 0 0 37 198 0 18 0 0 0 0 13 0 166 

50 24 0 0 0 0 54 264 0 21 0 91 0 0 19 0 287 

100 36 0 0 0 0 65 355 56 24 0 174 0 0 22 0 354 

200 61 0 0 478 0 349 402 100 450 0 244 0 0 25 0 429 

500 89 19 120 893 929 405 407 94 659 181 177 538 182 121 0 787 
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10 0 0 0 0 0 0 0 0 -14 0 0 0 0 0 0 0 

25 0 0 0 0 0 -37 -104 0 -18 0 0 0 0 -13 0 -166 

50 -24 0 0 0 0 -54 -78 0 -21 0 -91 0 0 -19 0 -287 

100 -36 0 0 0 0 -65 59 -56 -24 0 -174 0 0 -22 0 -287 

200 -61 0 0 -478 0 -18 92 -31 -425 0 -244 0 0 -25 0 -325 

500 -89 -19 -120 -127 -929 157 86 89 140 34 -90 33 -182 255 0 -423 
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10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

50 0 0 0 0 0 0 4 0 0 0 -91 0 0 0 0 0 

100 0 0 0 0 0 1 9 1 0 0 -174 0 0 0 0 0 

200 0 0 0 0 0 0 3 1 234 0 -244 0 0 0 0 0 

500 0 0 -1 -1 39 10 35 28 208 -167 71 -538 11 141 35 -134 
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10 0 0 0 0 0 0 0 0 -14 0 0 0 0 0 0 0 

25 0 0 0 0 0 -37 -143 0 -18 0 0 0 3 -13 0 -166 

50 0 0 0 0 0 -54 -190 0 -21 0 -91 0 4 -9 0 -287 

100 0 0 0 0 0 -65 -240 -56 -24 0 -174 0 4 -8 0 -354 

200 0 0 0 -478 0 -349 2 -100 -450 0 -244 0 3 -13 0 -371 

500 0 -19 -120 -893 -929 76 84 85 -271 -167 -177 -538 -182 -121 0 -509 

S
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m
w

id
e
 

In
v
e
s
tm

e
n

t 
A

p
p

ro
a
c
h
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10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

25 0 0 0 0 0 1 2 0 0 0 0 0 2 0 0 -17 

50 0 0 0 0 0 2 4 0 0 0 -91 0 0 0 0 -42 

100 0 0 0 444 0 -6 -52 -4 -1 0 -174 0 0 0 0 -74 

200 0 0 0 26 0 -277 -11 -5 43 0 -244 0 0 0 0 -65 

500 0 1 300 85 -56 -73 31 205 -23 -167 66 -538 -12 44 0 -281 

Notes: 10 percent AEP = 10-year return period 
 2 percent AEP = 50-year return period 
 0.5 percent AEP = 200-year return period 

4 percent AEP = 25-year return period 
1 percent AEP = 100-year return period 
0.2 percent AEP = 500-year return period 
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Table 4-2.  Sacramento River Basin Simulated Flow Volume into Delta 

Approach 

Flow Volume Entering Delta (TAF)* 

10% AEP 
(10-year) 

4% AEP 
(25-year) 

2% AEP 
(50-year) 

1% AEP 
(100-year) 

0.5% AEP 
(200-year) 

0.2% AEP 
(500-year) 

Volume 
Volume 

Change** 
Volume 

Volume 
Change** 

Volume 
Volume 

Change** 
Volume 

Volume 
Change** 

Volume 
Volume 

Change** 
Volume 

Volume 
Change** 

No Project 
Condition 

2,602 - 3,385 - 3,785 - 4,167 - 4,557 - 4,780 - 

Achieve SPFC 
Design Flow 
Capacity 
Approach 

2,602 0 3,506 121 3,979 195 4,436 270 5,015 459 5,513 733 

Protect High 
Risk 
Communities 
Approach 

2,602 0 3,385 0 3,782 -3 4,161 -5 4,554 -3 4,899 120 

Enhance Flood 
System 
Capacity 
Approach 

2,507 -95 3,249 -136 3,647 -138 3,974 -193 4,625 69 5,498 718 

State 
Systemwide 
Investment 
Approach 

2,601 -1 3,388 3 3,813 28 4,113 -54 4,634 78 4,986 206 

Notes: 
* based on the sum of volume of Sacramento River downstream from American River and Yolo Bypass at Lisbon during 1/18 -1/21 
** Volume Change (TAF) is the difference between each approach and the No Project Condition 
Key: 
AEP = annual exceedence probability 
SPFC = State Plan of Flood Control 
TAF = Thousand acre-feet 
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• No Project Condition, PHRC approach, and SSIA – Levee 
breaks occur on Paradise Cut upstream from this location at 
the 0.5 percent AEP event, allowing a large amount of flow to 
leave the San Joaquin River, which reduces flow and stage 
compared to other approaches (for the 0.2 percent AEP event, 
the same levee breaks occur in other approaches). For the 0.2 
percent AEP event, there are also levee breaks just 
downstream from this location, which result in a higher peak 
flow rate compared to other approaches, without a significant 
increase in stage relative to the other approaches. 

• SPFC Approach – Restoring SPFC levees reduces the 
number of upstream levee breaks for all events compared to 
the No Project condition, so peak flows and stages tend to be 
higher. For the 0.2 percent AEP event, levee restoration also 
prevents a levee break downstream from this location, so the 
flow is slightly reduced compared to the No Project condition 
despite a higher stage. 

• EFSC Approach – Restoring SPFC levees reduces upstream 
levee failures similar to the SPFC approach.  Flows and 
stages at this location are generally similar to or lower than the 
No Project condition and other approaches due to increased 
upstream reservoir storage and floodplain storage areas, 
which tend to reduce peak flows and stages. At the 0.5 
percent AEP flood, levee restoration reduces the number of 
levee breaks immediately upstream from this location (both 
along the San Joaquin River and in Paradise Cut) compared to 
the No Project condition, so flows and stages are higher. 
Similar to the SPFC approach, at the 0.2 percent AEP event 
levee restoration prevents a significant levee break 
downstream from this location, so the flow is slightly reduced 
compared to the No Project condition. 
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Figure 4-16.  Flow- and Stage-Frequency Curves: San Joaquin River Near Lathrop [1] 

 



2012 Central Valley Flood Protection Plan 
Attachment 8C: Riverine Channel Evaluations 

4-38 January 2012 
 Public Draft 

  
• No Project Condition – Significant levee breaks occur 

upstream from this location for all floods larger than the 4 
percent AEP event. At the 2 percent AEP event, stage continues 
to rise despite decreasing flows because of the backwater effect 
from the inflows from the Stanislaus River immediately 
downstream from this location. For larger events, inflows from 
the Tuolumne River upstream from this location and the 
Stanislaus River downstream from this location cause significant 
increases in flow and stage despite levee breaks along the San 
Joaquin River. 

• SPFC Approach – Restoring SPFC levees reduces the number 
of upstream levee breaches, increasing stage and flow 
compared to the No Project condition for all events. Levee 
restoration also prevents a levee break immediately downstream 
from this location through the 1 percent AEP event, increasing 
downstream river stage compared to the No Project condition 
and all other approaches.  The resulting backwater effect 
increases the peak stage for the SPFC approach for these 
events. At the 0.5 percent AEP event and greater, this levee 
breaches, so peak stage converges with the No Project 
condition, but flows continue to increase. 

• PHRC Approach and SSIA – Levee restoration prevents levee 
breaches along the Tuolumne River through the 1 percent AEP 
flood, and as a result, the flow in the San Joaquin River between 
the Tuolumne and Stanislaus river confluences is greatest for 
these approaches. However, there is no appreciable difference 
in stage compared to the No Project condition because levees 
immediately downstream from this location break in the same 
location. For the 0.5 percent and 0.2 AEP events, levees along 
the Tuolumne River fail, so flows tend to converge with the No 
Project and SPFC approaches. 

• EFSC Approach – Restoring SPFC levees reduces the number 
of upstream levee breaks compared to the No Project condition, 
increasing peak flow through the 1 percent AEP event. However, 
at the 0.5 percent and 0.2 percent AEP floods, the combined 
effects of  an increased flood management pool in New Don 
Pedro Reservoir and transitory storage areas along the 
Tuolumne and San Joaquin Rivers act to keep flows lower than 
the No Project condition and all other approaches. River stage is 
lower than the No Project condition for all flood events as a 
result of levee setbacks along the San Joaquin River, which 
increase the conveyance capacity at any given stage. 
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Figure 4-17.  Flow- and Stage-Frequency Curves: San Joaquin River Upstream from 
Stanislaus River Confluence [2] 
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• No Project Condition, PHRC Approach, and SSIA – No 
modifications to the flood management system upstream from 
this location, and significant upstream levee breaks occur for all 
events larger than the 10 percent AEP flood. Levee breaks 
release flow into adjacent floodplains, so in channel flows and 
river stages are lower than for approaches with strengthened 
levees for all flood events. For large flood events (0.1 percent 
AEP and larger), the magnitude of Merced River inflows (which 
mostly enter from the surrounding floodplain) is much larger 
than San Joaquin River flow, and tends to cause flows to 
increase significantly, converging with SPFC and EFSC flows. 

• SPFC Approach – Restoring SPFC levees reduces the 
number of upstream levee breaks through the 1 percent AEP 
event, increasing in-channel flow and stage compared to the 
No Project condition.  At the 0.5 percent AEP event and 
greater, inflows from the Merced River (which mostly enter from 
the surrounding floodplain) tend to cause flows to converge 
with the No Project condition.  

• EFSC Approach – Restoring SPFC levees results in higher 
flows and stages compared to the No Project condition in most 
cases. In-channel peak flows are higher and stages are lower 
than in No Project Condition and all other approaches for the 
0.2 percent AEP because there is significantly less flow 
entering the San Joaquin River from the Tuolumne River 
downstream from this location, as a result of floodplain storage 
areas along the Tuolumne River and an increased flood 
management pool at New Don Pedro Reservoir. The lower 
downstream flow leads to a reduced backwater effect, which 
travels upstream to this location and tends to reduce river stage 
while also allowing for faster flows and higher flow rates. 

Peak inflows to the Merced River are reduced in the EFSC 
approach for all events larger than the 4 percent AEP flood 
event by the increased flood pool in New Exchequer Dam. 
However, levee breaks occur along the Merced River for the No 
Project condition and all approaches except EFSC for the 2 
percent AEP flood and greater, releasing significant amounts of 
flow to the surrounding floodplain, such that flows in the Merced 
River at the San Joaquin River confluence are approximately 
equal for all approaches. Much of this flow re-enters the San 
Joaquin River through levee breaches along the San Joaquin 
River. 
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Figure 4-18.  Flow- and Stage-Frequency Curves: San Joaquin River near Turlock [3] 
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• No Project Condition, PHRC Approach, and SSIA – No 
modifications to the flood management system upstream 
from this location, and significant levee breaks occur for all 
events larger than the 10 percent AEP flood, both along 
the San Joaquin River and along the Chowchilla/Eastside 
Bypass. Levee breaks release flow into adjacent 
floodplains, so in channel flows and river stages are 
generally lower than for approaches with strengthened 
levees. However, for larger flood events (0.5 percent AEP 
and larger), there are significant inflows to the San Joaquin 
River from the surrounding floodplain upstream from this 
location, significantly increasing river flows and stages.  
The majority of these inflows originate from the Merced 
River.  

• SPFC Approach – Restoring SPFC levees reduces the 
number of upstream levee breaks for all events, increasing 
in-channel flow and stage compared to the No Project 
condition.  However, for the 0.5 percent AEP event and 
larger events, overflows from the Merced River enter the 
San Joaquin River just upstream from this location, as in 
the No Project condition, so flow and stage tend to 
converge with those in the No Project condition at the 0.5 
percent AEP event. 

• EFSC Approach – As for the SPFC approach, restoration 
of SPFC levees results in higher flows and stages 
compared to the No Project condition in most flood events. 
For the 0.5 percent AEP flood, flows are lower than in the 
No Project condition and all other approaches because 
peak flows along the Merced River are reduced as a result 
of the increased flood pool at New Exchequer Dam, levee 
breaks along the Merced River occur later in the storm, 
which reduces the volume of flows into the floodplain area 
around the San Joaquin River, thereby, reducing the stage 
in the floodplain, resulting in reduced outflow from the 
floodplain to the river. At the 0.2 percent AEP event, flows 
overwhelm levees along the Merced River, so flow and 
stage is similar to the No Project condition. 
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Figure 4-19.  Flow- and Stage-Frequency Curves: San Joaquin River Upstream from Mud 
Slough [4] 
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• No Project Condition, PHRC Approach, and SSIA – Existing 

levees along the Chowchilla Bypass fail for all events greater 
than the 10 percent AEP flood, releasing a portion of the 
Chowchilla Bypass flow into the San Joaquin River upstream 
from the Mariposa Bypass. However, significant levee breaks 
also occur along the San Joaquin River for the 1 percent AEP 
event with these approaches, significantly reducing in-channel 
flow and stage compared to the 2 percent AEP event. In-
channel flows for larger events increase only moderately 
because of the levee failures. 

• SPFC Approach – Restored SPFC levees contain flow in the 
Chowchilla Bypass through the 4 percent AEP event, reducing 
San Joaquin River flows. At the 2 percent AEP event and 
greater those levees fail, releasing a portion of the bypass flow 
into the San Joaquin River upstream from the Mariposa Bypass. 
However, because there are fewer upstream levee breaks 
compared to the No Project condition, a larger volume of flow is 
available in the Chowchilla Bypass when levees fail, so higher 
flows are released into the San Joaquin River compared to the 
No Project condition. Improved levees along the San Joaquin 
River also maintain higher in-channel flows, breaking only at the 
0.2 percent AEP event. 

• EFSC Approach – Increased flood management pool at Friant 
Dam and restored SPFC levees allow Chowchilla and Mariposa 
Bypass flows to be managed through the 2 percent AEP flood 
event. Above the 2 percent AEP event, Chowchilla bypass 
levees break and release flow into the San Joaquin River. As in 
the SPFC approach, higher flows in the Chowchilla bypass at 
the time of the levee break lead to greater flows into the San 
Joaquin River compared to the No Project condition. Improved 
levees along the San Joaquin River maintain higher in-channel 
flows in the river compared to the No Project condition. 

River stage is consistently lower for the EFSC approach than 
for all other approaches despite higher flow rates at the 1 
percent AEP event and greater because, when Chowchilla 
levees fail and release water into the floodplain the bypass and 
the San Joaquin River, stage in the San Joaquin River is lower 
than in other approaches. This lower stage (effects resulting 
from increased Friant flood management pool) increases the 
water surface slope between the floodplain and the San 
Joaquin River and results in more water flowing into the river 
channel. 
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Figure 4-20.  Flow- and Stage-Frequency Curves: San Joaquin River Downstream from 
Mariposa Bypass [5] 
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• No Project Condition, PHRC Approach, and SSIA – The 
stage in the San Joaquin River above the Chowchilla 
Bifurcation Control Structure for events greater than 4 
percent AEP is high enough that significant levee breaks 
occur. These breaks allow large volumes of water to enter 
the surrounding floodplain shortly after the start of the 
flood event. The stage in the floodplain soon becomes 
great enough to breach levees along the San Joaquin 
River and allow water in the floodplain to enter the river. 
Although flow in the San Joaquin River immediately 
downstream from the Chowchilla Bifurcation Control 
Structure is the same for all scenarios, these flows re-enter 
the river upstream from Firebaugh and increase flow and 
stage. For the 1 percent AEP event through the 0.2 
percent AEP event,  peak flow increases slightly while the 
peak stage remains constant because there is a levee 
break immediately downstream from this location 

• SPFC Approach – Peak flows are slightly higher for the 1 
percent AEP flood event and greater compared to the No 
Project condition due to levee rehabilitation, and higher 
than in the EFSC approach due to the absence of any 
changes to flood storage at Friant Dam. 

• EFSC Approach – Peak flows in the San Joaquin River 
are reduced by increased flood management storage at 
Friant Dam to the point that significant levee breaks are 
reduced or delayed through the 1 percent AEP event. As a 
result, the floodplain does not fill and there is little to no 
inflow into the San Joaquin River from the surrounding 
floodplain upstream from Firebaugh. However, at the 0.5 
percent AEP flood and greater, although there is some 
reduction in peak flows below Friant Dam, even the 
reduced flows are too great to prevent significant levee 
breaks upstream from the control structure, and there are 
significant inflows to the San Joaquin River from the 
floodplain as in the No Project condition and other 
approaches. 
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Figure 4-21.  Flow- and Stage-Frequency Curves: San Joaquin River at Firebaugh [6] 
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• No Project Condition –Levee breaks occur upstream 
from this location, and levee breaks occur for all events 
larger than the 10 percent AEP flood. Levee breaks 
release flow into adjacent floodplains, so in-channel flows 
and river stages are lower than for approaches with 
strengthened levees for all flood events. Larger flood 
events (0.1 percent AEP and larger) greatly exceed the 
channel capacity, and cause virtually no increases in in-
channel stage and flow. 

• SPFC Approach – Restoring SPFC levees reduces the 
number of upstream levee breaks through the 2 percent 
AEP event, increasing in-channel flow and stage 
compared to the No Project condition.  At the 1 percent 
AEP event and greater, significant upstream levee breaks 
occur, so peak flow and stage remains relatively constant; 
however, the improved levees maintain higher in-channel 
flow and stage compared to the No Project condition. 

• EFSC Approach – Restoring SPFC levees results in 
higher flows and stages compared to the No Project 
condition. In-channel peak flows are lower for the EFSC 
approach compared to the SPFC approach for the 4 
percent and 2 percent AEP events because of increased 
flood management pool at Friant Dam. Friant Dam 
continues to provide some management of flood peaks at 
the 1 percent AEP event and greater in the EFSC 
approach. 
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Figure 4-22.  Flow- and Stage-Frequency Curves: Chowchilla Bypass Upstream from 
Chowchilla River Confluence [7] 
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• No Project Condition, PHRC Approach, and SSIA – No 
modifications to the flood management system upstream 
from this location, and significant levee breaks occur for all 
events larger than the 4 percent AEP flood. Levee breaks 
release flow into adjacent floodplains, so in channel flows 
and river stages are lower than for approaches with 
strengthened levees for all flood events. Maximum flows 
and stages decrease slightly with larger flood events 
because increased flows cause more upstream levee 
breaks. 

• SPFC Approach – Restoring SPFC levees reduces the 
number of significant upstream levee breaks for all events, 
increasing in-channel flow and stage compared to the No 
Project condition.  Peak flows remain nearly constant 
beyond the 2 percent AEP event because inflows to the 
bypass are reduced by upstream levee failures. Peak 
stage continues to increase up to the 0.5 percent AEP 
event because of increasing backwater effects from higher 
downstream flows (flows reenter the channel from the 
floodplain through a levee breach immediately 
downstream from this location). 

• EFSC Approach – Restoring SPFC levees results in 
higher flows and stages compared to the No Project 
condition. In-channel peak flows are lower for the EFSC 
approach compared to the SPFC approach for the 4 
percent and 2 percent AEP events because the increased 
flood management pool at Friant Dam reduces peak 
discharge rates to the San Joaquin River. Peak flow and 
stage is approximately equal to the SPFC approach 
beyond the 2 percent AEP because inflows to the Bypass 
are reduced by upstream levee failures. 
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Figure 4-23.  Flow- and Stage-Frequency Curves: Chowchilla bypass Upstream from 
Fresno River Confluence [8] 
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• No Project Condition, PHRC Approach, and SSIA – No 
modifications to the existing flood management system 
along the Fresno River, and significant levee breaks occur 
along the Fresno River downstream from this location for 
all events larger than the 2 percent AEP. Levee breaks 
release flow into adjacent floodplains, resulting in a 
decreased backwater effect and a subsequent drop in the 
river stage. The peak flow upstream from this location is 
the same for the 1 percent and 0.5 events, due to 
upstream reservoir operations, so there is no change in 
river flow or stage at these events. 

• SPFC and EFSC Approaches – Reduce the number of 
downstream levee breaks on the Chowchilla Bypass for all 
events, resulting in an increased backwater effect and 
higher stages compared to the No Project condition. 
Because there are no modifications to the flood 
management system upstream from this point, peak flows 
are approximately equal in all events (this location is very 
close to a boundary point in the model, so flows are mostly 
controlled by boundary inflows). The peak flow upstream 
from this location is the same for the 1 percent and 0.5 
events, due to upstream reservoir operations, so there is 
no change in river flow or stage at these events. 



 4.0 Sacramento and San Joaquin River 
  Basins Results 

January 2012 4-53 
Public Draft 

 

 
Figure 4-24.  Flow- and Stage-Frequency Curves: Fresno River Upstream from Dry Creek 
Confluence [9] 
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Table 4-3.  San Joaquin River Basin Simulated Out-of-System Volumes by Return 
Period for No Project Condition, and Change in Out-of-System Volumes for CVFPP 
Approaches 

Approach 

Return 
Period 

(years) 

Flood Zones 

1 2 3 4 5 6 7 8 9 10 11 12 13 

N
o

 P
ro

je
c
t 

V
o

lu
m

e
 

(a
c
re

-f
e
e
t)

 

10 0 0 0 0 27 0 24 0 0 0 0 0 0 

25 0 0 0 0 41 0 42 234 0 0 0 0 0 

50 0 0 0 192 82 0 58 0 0 198 0 0 0 

100 113 0 0 186 98 0 44 427 0 311 31 46 64 

200 148 0 0 301 113 69 50 485 0 370 38 86 420 

500 183 0 0 376 173 245 55 606 101 372 45 181 642 

A
c
h
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v
e
 S

P
F

C
 

D
e
s
ig

n
 F

lo
w

 
C

a
p

a
c
it

y
 V

o
lu

m
e
 

(a
c
re

-f
e
e
t)

 

10 0 0 0 0 -27 0 -24 0 0 0 0 0 0 

25 0 0 0 0 -41 0 -42 -234 0 0 0 0 0 

50 0 0 0 -192 -82 0 -58 0 0 3 0 0 0 

100 1 0 0 -186 -98 0 -44 -76 0 2 -31 -29 -64 

200 -1 0 0 -210 -113 -69 -29 -65 0 -6 -9 0 -310 

500 -1 0 0 -241 -49 -49 -9 -73 -101 -8 -3 12 -15 

P
ro

te
c
t 

H
ig

h
 R

is
k
 

C
o

m
m

u
n
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ie

s
 

V
o

lu
m

e
 

(a
c
re

-f
e
e
t)

 

10 0 0 0 0 0 0 0 0 0 0 0 0 0 

25 0 0 0 0 0 0 0 0 0 0 0 0 0 

50 0 0 0 0 0 0 0 0 0 -194 37 0 0 

100 0 0 0 0 0 0 0 0 0 -310 -11 8 0 

200 0 0 0 0 0 0 0 0 0 -369 -1 -1 -1 

500 0 0 0 0 0 0 0 0 0 -371 0 5 -1 

E
n

h
a
n

c
e
 F

lo
o

d
 

S
y
s
te

m
 C

a
p

a
c
it

y
 

V
o

lu
m

e
  

(a
c
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-f
e
e
t)

 

10 0 0 0 0 -27 0 -24 0 0 0 0 0 0 

25 0 0 0 0 -41 0 -42 -234 0 0 0 0 0 

50 0 0 0 -192 -82 0 -58 0 0 -198 0 0 0 

100 -109 0 0 -186 -98 0 -44 -118 0 -189 -31 -46 -64 

200 -38 0 0 -301 -113 -69 -26 -69 0 -94 -38 -71 -411 

500 -26 0 0 -256 -49 -245 2 -61 -101 9 -20 -77 -205 

S
ta

te
 S

y
s
te

m
w
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e
 

In
v
e
s
tm

e
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t 
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p
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c
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V
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m
e
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a
c
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-f
e
e
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10 0 0 0 0 0 0 0 0 0 0 0 0 0 

25 0 0 0 0 0 0 0 0 0 0 0 0 0 

50 0 0 0 0 0 0 0 0 0 -194 37 0 0 

100 0 0 0 0 0 0 0 0 0 -310 -11 8 0 

200 0 0 0 0 0 0 0 0 0 -369 -1 -1 -1 

500 0 0 0 0 0 0 0 0 0 -371 0 5 -1 

Notes: 10 percent AEP = 10-year return period 
 2 percent AEP = 50-year return period 
 0.5 percent AEP = 200-year return period 

4 percent AEP = 25-year return period 
1 percent AEP = 100-year return period 
0.2 percent AEP = 500-year return period 
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Table 4-4.  San Joaquin River Basin Simulated Flow Volume into Delta 

Approach 

*Flow Volume Entering Delta (TAF) 

10% AEP 
(10-year) 

4% AEP 
(25-year) 

2% AEP 
(50-year) 

1% AEP 
(100-year) 

0.5% AEP 
(200-year) 

0.2% AEP 
(500-year) 

Volume 
Volume 

Change** 
Volume 

Volume 
Change** 

Volume 
Volume 

Change** 
Volume 

Volume 
Change** 

Volume 
Volume 

Change** 
Volume 

Volume 
Change** 

No Project 
Condition 

251 - 312 - 338 - 378 - 463 - 590 - 

Achieve SPFC 
Design  
Flow Capacity 
Approach 

252 1 321 9 352 14 404 26 483 20 605 15 

Protect High 
Risk  
Communities 
Approach 

251 0 312 0 337 -1 379 1 464 1 590 0 

Enhance Flood 
System  
Capacity 
Approach 

253 2 323 11 316 -22 382 4 457 -6 566 -24 

State 
Systemwide  
Investment 
Approach 

251 0 312 0 337 -1 379 1 464 1 590 0 

Notes: 
*based on the volume of San Joaquin River at Vernalis during 1/18 - 1/21 
** Volume Change (TAF) is the difference between each approach and the No Project Condition 
Key: 
AEP = annual exceedence probability 
SPFC = State Plan of Flood Control 
TAF = Thousand acre-feet 
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5.0 Stockton Area Analysis 

This section provides a description of the hydrology, hydraulic modeling, 

and floodplain modeling assumptions and methodology for the No Project 

condition and each CVFPP approach in the Stockton area.  The section also 

contains the results from the Stockton area hydraulic and floodplain 

modeling. 

It is important to note that the hydraulic modeling described below is a 

deterministic process that simulates levee breaches based on data provided 

regarding levee stability.  Hydraulic modeling cannot and does not predict 

the location of actual levee breaches. 

5.1 Methodology 

An overview of overall CVFPP hydraulic modeling was given in  

Section 3.1 and Figure 3-1.  As explained there, hydraulic models of the 

river systems are one of the tools used to evaluate the CVFPP planning 

approaches.  As shown in Figure 5-1, input to the economic analysis 

models for comparison of approaches also requires floodplain modeling. 

While the CVFPP used existing tools (i.e., Comprehensive Study 

hydrology and hydraulic models) as much as possible for evaluating the 

planning approaches, no models for the Calaveras River (including 

Mormon Slough and the Stockton Diverting Canal) and Bear Creek were 

developed for the Comprehensive Study.  Hence, it was necessary to 

develop hydrology and hydraulic models for those two streams in the 

Stockton area as described in the following sections. 

5.1.1 Hydrology Development 

As described previously, riverine hydraulic models require flow 

hydrographs (a time-series of flows) as upstream boundary conditions.  The 

Sacramento and San Joaquin UNET models were used to determine river 

stage, velocity, depth, and levee breaches, as well as breakout and return 

flows from overbank areas for each CVFPP approach, but these models do 

not cover the Stockton area.  Each set of hydrographs represents either 

unregulated or regulated flow conditions (simulated reservoir releases from 

reservoir models) under different storm centerings (a centering is a set of 

synthetic storms covering a range of AEPs) that will result in peak flows at 

a given location. 



2012 Central Valley Flood Protection Plan 
Attachment 8C: Riverine Channel Evaluations 

5-2 January 2012 
 Public Draft 

 
Figure 5-1.  Schematic of Overall Modeling Framework 

Comprehensive Study hydrology was available for the Calaveras River out 

of New Hogan Reservoir, leading to the upper end of Mormon Slough and 

then the Stockton Diverting Canal.  But, Comprehensive Study hydrology 

was not developed for the Calaveras River downstream from the Mormon 

Slough Diversion, Bear Creek, Paddy Creek, Upper Mosher Creek, Pixley 

Slough, or Mosher Slough.  To provide input data for the hydraulic 

analyses of reaches of the streams listed above that are protected by SPFC 

facilities, the following steps were taken: 

1. Obtain peak flows for each stream using data from past studies. 

2. Scale Duck Creek hydrology from the Comprehensive Study to produce 

flow hydrographs for each stream. 
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The peak flows used were from SJAFCA’s Flood Protection Restoration 

Project (SJAFCA, 1998a).  As part of SJAFCA’s effort, hydrologic models 

were developed for the 50, 1 and 0.5 percent AEP (2-, 100-, and 200-year 

return period) storm events using the USACE HEC-1 rainfall-runoff model.  

Those peak flows were plotted on log-probability paper and the peak flows 

for the 50, 10, 4, 2, and 0.2 percent AEP storm events were interpolated or 

extrapolated from the curves.  The peak flows are shown in Table 5-1, with 

the HEC-1 flows underlined. 

Table 5-1.  Peak Flows for Various AEP Storm Events (Percent) 

Stream 
50% 
AEP 

10% 
AEP 

4% 
AEP 

2% 
AEP 

1% 
AEP 

0.5% 
AEP 

0.2% 
AEP 

Bear Creek 1,137 3,100 4,300 5,300 6,367 7,279 9,300 

Paddy Creek 88 210 290 360 434 510 640 

Pixley Slough 121 305 430 530 667 778 980 

Upper Calaveras 
River

1
 

161 480 720 920 1,170 1,433 1,800 

Mosher Slough
 

294 410 460 500 532 580 620 

Upper Mosher Cr.
 

 156   380   540   670   851   966   1,200  

Duck Creek
2 

238 533 729 855 1,006 1,106 1,257 

Source: SJAFCA, 1998s except where noted. 

Notes: 
Peak flows from HEC-1 are underlined. 
1
  Downstream from the Mormon Slough Diversion. 

2
  Peak flow taken from Comprehensive Study hydrology. 

Key: 
AEP = Annual Exceedence Probability 

To be consistent with the other hydrology used for the 2012 CVFPP, the 

hydrology for these six streams was developed to match the 

Comprehensive Study pattern of flows (i.e., 34-day event, hourly flows, 

with the largest peak flow occurring around Day 17).  To accomplish this, 

it was first assumed that the hydrology for these three streams would have 

peak flows approximately equal to the flows shown in Table 5-1 for a given 

AEP.  Secondly, it was assumed that the shape of the flow hydrograph 

would match the shape the Comprehensive Study’s hydrographs for Duck 

Creek near Farmington.  This is because the characteristics of floods would 

be similar in the sub-watersheds. 

Duck Creek near Farmington was selected as the base pattern for the 

Stockton area streams because its watershed is at similar elevations to the 

other streams and it is geographically the closest stream included in the 

Comprehensive Study.  Hence, while Duck Creek may not be the same size 

as the Stockton area watersheds, it would likely experience similar 

precipitation patterns and is appropriate to develop hydrology for other 

streams for use in preliminary evaluations for the 2012 CVFPP. 
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In each watershed for which flood hydrographs were developed, and for 

each storm AEP, Duck Creek hourly flows were multiplied by a constant to 

develop the particular stream’s hourly flows.  The constant was the ratio of 

each stream’s peak flow to Duck Creek’s peak flow for a storm with a 

given AEP.  For example, the constant for a 10 percent AEP storm on Bear 

Creek would be 5.8 (3,100 cubic feet per second (cfs) divided by 533 cfs).  

Hence, for this particular AEP flood, Duck Creek hourly flows were 

multiplied by 5.8 to obtain the inflow hydrograph for Bear Creek. 

The Calaveras River storm centering was used for both Bear Creek and the 

Calaveras River because it resulted in the highest flow flood events.  The 

hourly flows for six AEP flood events developed for the Comprehensive 

Study (10, 4, 2, 1, 0.5, and 0.2 percent) were used.  If the flow at any hour 

was 0 cfs, it was changed to 1 cfs for better continuity when run in the 

unsteady HEC-RAS model. 

5.1.2 Hydraulic Model Development 

HEC-RAS Version 4.1 was used to develop the Stockton area hydraulic 

models for the CVFPP by translating existing HEC-2 models from 

SJAFCA.  Two separate HEC-RAS models, Calaveras River and Bear 

Creek, were created in this manner (Figure 1-3).  The following sections 

describe model settings specific to the CVFPP evaluation for the Stockton 

area.  For more information about the capabilities of the HEC-RAS model, 

refer to the January 2010 HEC-RAS User’s Manual (USACE, 2010). 

Model Selection 

The available riverine hydraulic models for the Stockton area were from 

the SJAFCA Flood Protection Restoration Project (SJAFCA, 1998b) and 

from the SJAFCA Provisionally Accredited Levee binder submittal to 

FEMA for the Lower Calaveras River (SJAFCA, 2010a).  This project 

developed a HEC-RAS model set for the Calaveras River from existing 

models as detailed below: 

• Upper Calaveras River – HEC-2 model (SJAFCA, 1998b) 

• Lower Calaveras River – HEC-RAS model (SJAFCA, 2010a) 

• Mormon Slough – HEC-2 model (SJAFCA, 1998b) 

• Stockton Diverting Canal – HEC-2 model (SJAFCA, 1998b) 
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Similarly, an HEC-RAS model of Bear Creek was developed using three 

HEC-2 models–Bear Creek, Mosher Diversion, and Upper Mosher Creek 

(SJAFCA, 1998b). 

The HEC-2 models from the SJAFCA Flood Protection Restoration Project 

(SJAFCA, 1998b) were converted to HEC-RAS using the HEC-2 import 

feature in HEC-RAS.  Some of the model inputs were also updated to 

include changes to the system since 1998. 

Levee Breach Modeling 

In HEC-RAS, the top of a levee is defined as a station and elevation point 

in each cross section.  At a designated cross section, a breach elevation may 

be entered into the model and when the computed water surface elevation 

equals or exceeds this breach elevation, flood flows are diverted into the 

floodplain.  The simulated levee breach is 100 feet wide.  When the levee 

breaches, water will flow through the breach into a storage area associated 

with that cross section.  The storage area will continue to fill until either the 

stage in the river decreases below the stage in the storage area or the stage 

in the storage area reaches the same elevation as the stage in the river. 

Boundary Conditions 

The four primary types of HEC-RAS model boundary conditions used for 

the Stockton area are: 

• Upstream Boundary Conditions – Upstream boundary conditions for 

the Stockton area HEC-RAS models are flow hydrographs (i.e., 

discharge in cfs over time) for each particular flood for all reaches that 

are not connected to another reach at their upstream end. For the 

Calaveras River Model, there are two upstream hydrographs: Calaveras 

River just east of Highway 99 and Mormon Slough at Jack Tone Road.  

For the Bear Creek Model, there are three upstream hydrographs: Bear 

Creek, South Paddy Creek at Jack Tone Road, Mosher Creek Diversion 

to Bear Creek, and Pixley Slough.  See Figure 5-2 for the upstream 

boundary hydrograph locations. 

Flows with an AEP of greater than 10 percent (10-year return period) 

were not modeled because the Stockton area flood management 

systems are designed to manage flood events with AEPs less than 10 

percent.  Therefore, it is anticipated that storms with greater than a 10 

percent AEP would not cause serious impacts. 
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Figure 5-2.  Boundary Conditions for Stockton Area Models 
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• Interior Boundary Conditions – Interior boundary conditions define 

the connections between stream reaches, as well as between stream 

reaches and other parts of the model.  Interior boundary conditions 

ensure continuity of flow by defining river channel alignment, cross 

sections, and bridge geometries. 

• Downstream Boundary Conditions – To function properly, a 

hydraulic model of a river system must define the water surface 

elevation at the downstream end of all model reaches not connected to 

another reach or river.  Downstream boundary conditions are usually in 

the form of tailwater stage hydrographs that describe the variation of 

the downstream water surface elevation over time. 

River stage time series from the RMA Delta Model for (1) Calaveras 

River at San Joaquin River, and (2) Bear Creek at Disappointment 

Slough define the tailwater conditions for the Calaveras River Model 

and Bear Creek Model, respectively.  See Figure 5-2 for downstream 

boundary hydrograph locations.  Details of the RMA Delta Model are 

in Attachment 8D: Estuary Channel Evaluations. 

• Internal Boundary Conditions – Internal boundary conditions are 

coded in the model to represent levee failure scenarios or floodplain 

interactions, spillways or weir overflow/diversion structures, bridge or 

culvert hydraulics, or pumped diversions.  To simulate water leaving 

the river into the floodplain through breaches, storage areas 

representing floodplains were added to the HEC-RAS models; three for 

the Calaveras River Model (STK06, STK07, and STK10), and two for 

the Bear River Model (STK08 and STK09) (see Figure 5-2).  Rating 

curves for the relationship between water stage and floodplain volume 

were developed as inputs to the models using the topographic data 

developed for CVFED. 

Simulation Period 

The simulation period for the Stockton area models was chosen to be 35 

days and extends from 1:00 a.m., January 1, to midnight, February 4.  This 

calendar period matches the time period for the UNET models. 

5.1.3 Levee Performance Curves  

The ULE Project and NULE Project under the DWR Levee Evaluations 

Program developed performance curves for levees in the Sacramento and 

San Joaquin river basins.  Levee performance curves provide geotechnical 

relationships between river stage and the probability that a levee segment 

will breach (water from the water side of the levee flows in an uncontrolled 

manner to the landside of the levee) at a specific stage.  Details on levee 
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performance curve development are contained in Attachment 8E: 

System/Levee Performance. 

Levee performance curves from ULE and NULE were used to identify two 

water surface elevations of interest for the hydraulic analyses.  These water 

surface elevations and the corresponding probability of levee failure at a 

particular levee location are as follows: 

• Probable failure point (PFP) – 85 percent probability of failure 

• Top of levee (TOL) – 100 percent probability of failure 

These two water surface elevations were incorporated into UNET models 

to simulate conditional levee failure. This means that once the simulated 

river stage at a specific levee location reaches either the PFP or TOL 

elevation, depending on the CVFPP approach being modeled, a levee 

breach would begin to develop in UNET.  Water from the river would then 

enter into the adjacent floodplain through the levee breach, and the 

downstream river stage and flow would be reduced.  On the other hand, if 

TOL is used in the simulation, the water surface elevation and flow would 

be higher both upstream and downstream before the levee breach. 

The water surface elevations of interest described above are not intended to 

represent or predict how levees would fail under an actual flood event.  For 

example, under the PFP scenario, all levees assigned a PFP would fail in a 

simulated flood event once the water surface was equal to or higher than 

the PFP elevation.  In reality, many of these levees would not fail even 

when the stage exceeds the PFP elevations, while others might fail before 

the stage reaches the PFP elevations.  Further, floodfighting and other 

emergency actions (conditions that are not simulated in the hydraulic 

models) could result in very different levee failure probabilities. 

In addition to simulating the PFP and TOL scenarios, model simulations 

were also conducted that considered infinitely tall levees along the river 

channels.  These “infinite channel” simulations helped estimate the 

maximum potential flood flows and stages at various locations in the 

system. 

5.1.4 Floodplain Model Development 

The Comprehensive Study applied FLO-2D, a two-dimensional flood 

routing model, to simulate the inundation of floodplains in the Sacramento 

and San Joaquin river basins.  For 2012 CVFPP development, FLO-2D was 

applied to simulate the inundation of floodplains in the Stockton area that 

were not previously covered by the Comprehensive Study. 
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Preliminary LiDAR topographic data developed by CVFED were used to 

set the terrain elevations for the five Stockton area floodplains (damage 

areas) in FLO-2D. 

The levee breach time-series hydrographs output from HEC-RAS were 

used as input to the FLO-2D models at the corresponding breach locations.  

FLO-2D then simulated the area of inundation and water depth of each 

floodplain grid over the entire simulation period.  The maximum depth at 

each grid point in each of the impact areas was used in the HEC-FDA 

model of the impact area to determine flood damages (see Attachment 8F: 

Flood Damage Analysis). 

Damage areas STK07 and STK10 did not have levee breaches up to and 

including the 0.2 percent AEP (500-year) flood.  To provide flows to use in 

the FLO-2D model to develop the grid depth information, a special 0.2 

percent AEP (500-year) model run was made where the breach elevations 

at the levee breach locations for STK07 and STK10 were lowered such that 

a levee breach occurred.  The flow hydrographs generated from these 

forced levee breaches were then used as input for STK07 and STK10 when 

determining the depth grids for use in HEC-FDA. 

5.2 Stockton Area Results 

The general Stockton area hydrology and floodplain assumptions for the 

No Project condition are described in Section 5.1.  This section contains the 

HEC-RAS modeling results as flow-frequency, stage-frequency tables, and 

out-of-system volume-frequency tables.  The tables were developed for 

four locations based on HEC-RAS model outputs (see Figure 5-2).  These 

locations, which are shown in Figure 5-2 include:  

• Stockton Diverting Canal at Highway 99 

• Bear Creek at Highway 99 

• Bear Creek at Interstate 5 

• Calaveras River at Interstate 5 

5.2.1 Riverine Hydraulics 

The results from the riverine hydraulics analysis for the Stockton area 

Analysis contained in Tables 5-2 and 5-3 show the flows and stages for 

each AEP at the locations listed above and shown on Figure 5-2. 

Results are shown only for the No Project condition and the Protect High 

Risk Communities because in the Stockton area the Achieve SPFC Design 
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Flow Capacity, Protect High Risk Communities, and State Systemwide 

Investment approaches are essentially the same.  All of the levees are 

treated as urban levees for Protect High Risk Communities and State 

Systemwide Investment approaches, and the levee heights are nearly the 

same as those set for the Achieve SPFC Design Flow Capacity Approach 

and the levee breaches function the same in the hydraulic models.  The 

Enhance Flood System Capacity Approach in the Stockton area is the same 

as the No Project Condition. 

5.2.2 Out-of-System Volumes to FLO-2D 

Estimates of out-of-system flood flow volumes into floodplains for 

modeling using the two-dimensional hydraulic computer model FLO-2D 

are shown in Table 5-4 for the damage/storage areas shown on Figure 5-3.  

The depth grid results from the FLO-2D modeling, based on the volumes 

shown in Table 5-4, are used in the Hydrologic Engineering Center Flood 

Damage Analysis (HEC-FDA) model analysis described in Attachment 8F: 

Flood Damage Analysis. 

Results are shown only for the No Project condition and the Protect High 

Risk Communities as described in Section 5.2.1. 
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Figure 5-3.  Stockton Area HEC-RAS Model Output Locations and FLO-2D 
Floodplains/Damage Areas 

Stockton Diverting Canal 

@ Highway 99 
Calaveras River @ I-5 

Bear Creek @ 

Highway 99 

Bear Creek @ I-5 



2012 Central Valley Flood Protection Plan 
Attachment 8C: Riverine Channel Evaluations 

5-12 January 2012 
 Public Draft 

Table 5-2.  Simulated Flows at Output Locations in Stockton Area 

Location 
 

Flow (cfs) 

10% 
AEP 

4% 
AEP 

2% 
AEP 

1% 
AEP 

0.5% 
AEP 

0.2% 
AEP 

Bear Creek @ 
Interstate 5 

No Project 3,736 5,309 6,405 7,768 8,835 9,326 

Protect High Risk 
Communities 

3,736 5,309 6,405 7,768 8,839 9,410 

Bear Creek @ 
Highway 99 

No Project 3,532 4,921 6,052 7,367 8,360 8,625 

Protect High Risk 
Communities 

3,479 3,761 6,053 7,369 8,362 8,625 

Calaveras 
River @ 

Interstate 5 

No Project 12,441 12,011 12,485 12,489 12,339 21,408 

Protect High Risk 
Communities 

12,441 12,011 12,485 12,489 12,339 21,415 

Stockton 
Diverting 
Canal @ 

Highway 99 

No Project 12,400 12,400 12,400 12,400 13,058 21,376 

Protect High Risk 
Communities 

12,400 12,400 12,400 12,400 13,058 21,383 

Key: 
AEP = Annual Exceedence Probability 
NGVD29 = National Geodetic Vertical Datum of 1929 

Table 5-3.  Simulated Stages at Output Locations in Stockton Area 

Location 
 

Stage (feet NGVD29) 

10% 
AEP 

4% 
AEP 

2% 
AEP 

1% 
AEP 

0.5% 
AEP 

0.2% 
AEP 

Bear Creek @ 
Interstate 5 

No Project 6.1 7.0 7.7 8.5 9.2 9.5 

Protect High Risk 
Communities 

6.1 7.0 7.7 8.5 9.2 9.5 

Bear Creek @ 
Highway 99 

No Project 39.3 39.3 39.8 41.9 42.4 42.8 

Protect High Risk 
Communities 

39.3 39.3 39.8 41.9 42.4 42.8 

Calaveras 
River @ 

Interstate 5 

No Project 9.2 9.4 9.6 9.8 10.0 12.7 

Protect High Risk 
Communities 

9.2 9.4 9.6 9.8 10.0 12.7 

Stockton 
Diverting Canal 
@ Highway 99 

No Project 31.2 31.2 31.2 31.2 32.0 38.9 

Protect High Risk 
Communities 

31.2 31.2 31.2 31.2 32.0 38.9 

Key: 
AEP = Annual Exceedence Probability 
NGVD29 = National Geodetic Vertical Datum of 1929 
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Table 5-4.  Simulated Out-of-System Volumes in Stockton Area Floodplains 
(Damage Areas) 

Damage Area 
 

Out-of-System Volume (acre-feet) 

10% 
AEP 

4% 
AEP 

2% 
AEP 

1% 
AEP 

0.5% 
AEP 

0.2% 
AEP 

STK06 

No Project - - - - - 15,773 

Protect High Risk 
Communities 

- - - - - 13,027 

STK07 

No Project - - - - - - 

Protect High Risk 
Communities 

- - - - - - 

STK08 

No Project - - - - 978 1,188 

Protect High Risk 
Communities 

- - - - - - 

STK09 

No Project - - - - 13,933 14,712 

Protect High Risk 
Communities 

- - - - - - 

STK10 

No Project - - - - - - 

Protect High Risk 
Communities 

- - - - - - 

Key: 
AEP = Annual Exceedence Probability 

5.2.3 Findings 

The major findings from the tabulated data described above are presented 

in the following sections. 

No Project Condition 

The No Project condition assumes that levee breaches occur when the river 

stage reaches the Probable Failure Point (PFP) on a levee performance 

curve.  No simulated levee breaches occurred on either the Calaveras River 

system or Bear Creek at AEP more frequent than 0.5 percent. 

Achieve SPFC Design Flow Capacity Approach 

The Achieve SPFC Design Flow Capacity Approach assumes that levee 

breaches occur when the river stage reaches the top of SPFC levees that 

have been raised to equal the 55/57 design profile.  No simulated levee 

breaches occurred on either the Calaveras River system or Bear Creek at 

AEP more frequent than 0.5 percent. 
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Protect High Risk Communities Approach 

The Protect High Risk Communities Approach assumes levee breaches 

occur when the river stage reaches the top of urban levees that have been 

set to be the existing levee elevation or the 200-year flood plus freeboard 

(3 feet).  No simulated levee breaches occurred on either the Calaveras 

River system or Bear Creek at AEP more frequent than 0.5 percent. 

Enhance Flood System Capacity Approach 

The Enhance Flood System Capacity Approach in the Stockton area is the 

same as the Achieve SPFC Design Flow Capacity Approach.  No simulated 

levee breaches occurred on either the Calaveras River system or Bear 

Creek at AEP more frequent than 0.5 percent. 

State Systemwide Investment Approach 

The State Systemwide Investment Approach is the same as the Protect 

High Risk Communities Approach in the Stockton area.  No simulated 

levee breaches occurred on either the Calaveras River system or Bear 

Creek at AEP more frequent than 0.5 percent. 

5.2.4 Limitations 

The results of the hydrologic, riverine hydraulic, and floodplain modeling 

for the Stockton area Analysis are suitable for use in high-level planning 

studies such as the CVFPP.  With significant additional work and field 

verification and data collection, the hydraulic and floodplain models could 

be adapted for use in more detailed project studies. 
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7.0 Acronyms and Abbreviations 

1-D ............................... one-dimensional 

AEP .............................. annual exceedence probability 

Board ........................... Central Valley Flood Protection Board 

cfs ................................ cubic feet per second 

Comprehensive Study .. Sacramento and San Joaquin River Basins 
Comprehensive Study 

CVFED ......................... Central Valley Floodplain Evaluation and 
Delineation Program 

CVFPP ......................... Central Valley Flood Protection Plan 

Delta ............................. Sacramento-San Joaquin Delta 

DWR ............................ California Department of Water Resources 

EFSC ........................... Enhanced Flood System Capacity Approach 

HEC-RAS ..................... Hydrologic Engineering Center River Analysis 
System 

NAVD88 ....................... North American Vertical Datum of 1988 

NGVD29 ....................... National Geodetic Vertical Datum of 1929 

NPRJ ............................ No Project Condition 

NULE ........................... Non-Urban Levee Evaluations 

PFP .............................. probable failure point 

PHRC ........................... Protect High Risk Communities Approach 

Q-F ............................... discharge-frequency 

Reclamation ................. U.S. Department of the Interior, Bureau of 
Reclamation 

RM ............................... River mile 

SAFCA ......................... Sacramento Area Flood Control Agency 

S-F ............................... stage-frequency 

SPA .............................. Systemwide Planning Area 

SPFC ........................... State Plan of Flood Control or 
Achieve SPFC Design Flow Capacity Approach 

SSIA ............................. State Systemwide Investment Approach 

State ............................. State of California 
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TAF .............................. thousand acre-feet 

TOL .............................. top of levee 

TRLIA ........................... Three Rivers Levee Improvement Authority 

ULE .............................. Urban Levee Evaluations 

UNET ........................... Unsteady flow Through a Full NETwork of open 
channels computer model 

USACE ......................... U.S. Army Corps of Engineers 
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1.0 Introduction 
This section states the purpose of this attachment, gives background 
information (including a description of planning areas, goals, and 
approaches), introduces the Sacramento-San Joaquin Delta (Delta) region, 
and provides an overview of the report organization. 

1.1 Purpose of this Attachment 

As part of development of the 2012 Central Valley Flood Protection Plan 
(CVFPP), hydraulic modeling was performed for the Sacramento River 
Basin, San Joaquin River Basin, Stockton area, and Delta region to support 
flood management system evaluations.  Results from the hydraulic 
modeling were used to describe the hydraulic performance of the existing 
flood management system (No Project) and to simulate management 
actions for various approaches to improving the system.  Hydraulic 
modeling results were also used as input to flood damage evaluation 
models to estimate economic values of flood damages (Attachment 8F: 
Flood Damage Analysis). 

This attachment documents estuary hydraulic modeling methodology and 
results for the Delta for each of the following CVFPP approaches: 

• No Project 

• Achieve State Plan of Flood Control (SPFC) Design Flow Capacity 

• Protect High Risk Communities 

• Enhance Flood System Capacity 

• State Systemwide Investment 

Riverine channel hydraulic modeling of the Sacramento and San Joaquin 
river basins using UNET models (documented in Attachment 8C: Riverine 
Channel Evaluations) provided the upstream boundary conditions for the 
Resource Management Associates, Inc. (RMA) Delta Model used to 
simulate estuary channel hydraulics in the Delta. 

This attachment documents the following modeling results: 
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• Stage-frequency (S-F) relationship for in-river locations inside 
estuarine channels of the Delta.  Frequency for storm events of various 
annual exceedence probabilities (AEP) is expressed in percentage (i.e., 
1 percent AEP, or a storm with a 100-year return period). 

• Out-of-system volume from river reaches in the Delta.  This represents 
the total volume of water that would leave Delta channels and enter into 
an island through levee breaches due to levee overtopping.  Out-of-
system volume is in thousand acre-feet (TAF). 

After completion of the 2012 CVFPP, new riverine and floodplain models 
developed by the Central Valley Floodplain Evaluation and Delineation 
Program (CVFED) will be become available for use in the 2017 CVFPP. 

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the CVFPP, for adoption by the Central Valley Flood Protection 
Board (Board).  The 2012 CVFPP provides a systemwide approach to 
protecting lands currently protected from flooding by existing facilities of 
the SPFC, and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Delta. 

1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010a)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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• Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 

Hydraulic modeling was performed for the SPFC Planning Area and Delta.  
This attachment focuses on the Delta.  Hydraulic modeling of the 
Sacramento and San Joaquin river basins and the Stockton area was 
conducted separately and is described in Attachment 8C: Riverine Channel 
Evaluations.  Riverine hydraulic modeling results from the Sacramento and 
San Joaquin river basins provided the upstream boundary conditions 
(inputs) for the Delta hydraulic modeling described in this attachment. 

1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals: 

 Improve Operations and Maintenance 

 Promote Ecosystem Functions 

 Improve Institutional Support 

 Promote Multi-Benefit Projects 

Modeling results in this attachment demonstrate how each of the 
approaches (described below) meets the primary goal. 
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1.5 2012 CVFPP Planning Approaches 

In addition to No Project, three fundamentally different approaches to 
flood management were initially compared to explore potential 
improvements in the Central Valley.  These approaches are not alternatives; 
rather, they bracket a range of potential actions and help explore trade-offs 
in costs, benefits, and other factors important in decision making.  The 
approaches are as follows: 

• Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

• Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 

Comparing these approaches helped identify the advantages and 
disadvantages of different combinations of management actions, and 
demonstrated opportunities to address the CVFPP goals to different 
degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 
developed that encompasses aspects of each of the approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

 
Figure 1-2.  Formulation Process for State Systemwide Investment Approach 
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1.6 Delta Region 

The Delta is the West Coast's largest estuary, encompassing approximately 
1,153 square miles of waterways through which passes more than 40 
percent of the freshwater in California.  Sixteen of California’s major rivers 
provide flow to the Delta as tributaries of the Sacramento River, 
California’s largest river, or of the San Joaquin River.  The Sacramento and 
San Joaquin rivers flow from low-lying inland valleys into the Delta – a 
labyrinth of islands, sloughs, canals, and channels – continuing through 
Grizzly Bay, Suisun Bay, and San Pablo Bay, before emptying into San 
Francisco Bay and then finally the Pacific Ocean.  The Cosumnes, 
Mokelumne, and Calaveras rivers, Yolo Bypass, and numerous smaller 
creeks and sloughs enter the Delta in addition to the Sacramento and San 
Joaquin rivers.  The largest source of water for the Delta is the Sacramento 
River, which transports about 18.3 million acre-feet (MAF) into the Delta 
in an average year.  Additional flows from the Yolo Bypass and the San 
Joaquin River contribute an average of 5.8 MAF, with precipitation adding 
about another 1 MAF. 

Freshwater from the rivers mixes with saltwater from ocean tides, creating 
a rich and diverse estuarine ecosystem.  Because of its geographical 
location, the Delta serves as the collection point for much of Northern 
California’s runoff and resulting water supplies.  It is through the channels 
of the Delta that this water must pass to satisfy the water supply needs of 
the Delta, San Francisco Bay Area (Bay Area), agricultural lands of the San 
Joaquin River Basin, and densely populated southlands. 

The flood management system in the Delta manages flows from the 
Sacramento and San Joaquin river basins, tributaries, and tides from San 
Francisco and San Pablo bays.  Water management facilities in the Delta 
include levees around most of the islands, pumping plants, control gates, 
port facilities, gages used in flood and water quality forecasting, and 
diversion and inlet structures. 

1.7 Report Organization 

Organization of this document is as follows: 

• Section 1 describes the purpose of this attachment, and provides an 
overview of the CVFPP and the Sacramento and San Joaquin river 
basins. 

• Section 2 summarizes results and findings for CVFPP estuary hydraulic 
modeling. 
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• Section 3 describes overall CVFPP hydraulic modeling methodology, 
estuary model selection, and RMA Delta Model specifications. 

• Section 4 provides complete results for the estuary hydraulic analysis 
by CVFPP approach. 

• Section 5 contains references for the sources cited in this document. 

• Section 6 lists abbreviations and acronyms used in this document. 
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2.0 Results Summary and Findings 
Results from hydraulic modeling of the Delta are summarized in Figures 2-
1 through 2-12, which map the changes in stage between the No Project 
condition and the four CVFPP approaches throughout the system. 

Maps are only included for AEPs of 2 percent, 1 percent, and 0.5 percent 
(50-, 100-, and 200-year return period) because the flood management 
system doesn’t exhibit significant differences between the No Project and 
the four approaches for the 10 percent and 4 percent (10- and 25-year 
return period), and similarly the 0.2 percent AEP flood (500-year return 
period) overwhelms the flood management system in all cases. 

2.1 Achieve SPFC Design Flow Capacity 
Approach 

Figures 2-1 through 2-3 indicate the changes in Delta stages that would 
result from repairing or improving all SPFC levees to meet their design 
flows (Section 3.5, Tables 3-1 and 3-2) as specified by the 55/57 design 
profiles.  Overall, for all of the AEPs there would be fewer upstream levee 
breaks, resulting in increased flows and higher water surface elevations in 
the Delta, particularly in the areas where the Sacramento and San Joaquin 
rivers enter the Delta. 

2.2 Protect High Risk Communities Approach 

Figures 2-4 through 2-6 indicate the changes in stage that would result 
from repairing or improving all urban levees to meet the 0.5 percent AEP 
(200-year) design criteria (Section 3.6, Tables 3-1 and 3-2), and providing 
increased protection to selected small communities.  Since this approach 
would improve only urban and small community levees, other levees would 
be untouched and function as in the No Project condition.  Stage increases 
of a foot or less would be seen on the Delta as a result of increased 
protection for upstream urban areas. 
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2.3 Enhance Flood System Capacity Approach 

Figures 2-7 through 2-9 indicate the changes in stage that would result 
from modifying the flood management system as described in Section 3.7 
and shown in Tables 3-1 and 3-2.  Key components of the approach are 
added upstream reservoir storage, improving SPFC levees to their design 
flow capacity, improving urban levees to pass the 0.5 AEP flood, widened 
and new bypasses, levee setbacks, and floodplain storage.  The added 
upstream and floodplain storage in the Sacramento River Basin would 
result in lower stages entering and in the interior of the Delta for all AEPs.  
The Paradise Cut Bypass enlargement and Roberts Island floodplain 
storage lower stages on the San Joaquin River from Paradise Cut to 
Stockton. 

2.4 State Systemwide Investment Approach 

Figures 2-10 through 2-12 indicate the changes in stage resulting from 
repairing or improving all urban levees to meet the 0.5 percent AEP (200-
year) design criteria and other improvements in the State Systemwide 
Investment Approach (Section 3.8, Tables 3-1 and 3-2).  Because this 
approach would improve only urban levees, other levees would be 
untouched and function the same as the No Project condition.  Stages in the 
Delta as a result of this approach would be the same as or lower than the 
No Project condition. 
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Figure 2-1.  Stage Changes from No Project Condition to Achieve SPFC Design Flow 
Capacity Approach – 2 Percent AEP (50-year) 
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Figure 2-2.  Stage Changes from No Project Condition to Achieve SPFC Design Flow 
Capacity Approach – 1 Percent AEP (100-year) 
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Figure 2-3.  Stage Changes from No Project Condition to Achieve SPFC Design Flow 
Capacity Approach – 0.5 Percent AEP (200-year) 
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Figure 2-4.  Stage Changes from No Project Condition to Protect High Risk Communities 
Approach – 2 Percent AEP (50-year) 
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Figure 2-5.  Stage Changes from No Project Condition to Protect High Risk 
Communities Approach – 1 Percent AEP (100-year) 
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Figure 2-6.  Stage Changes from No Project Condition to Protect High Risk Communities 
Approach – 0.5 Percent AEP (200-year) 
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Figure 2-7.  Stage Changes from No Project Condition to Enhance Flood System 
Capacity Approach – 2 Percent AEP (50-year) 
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Figure 2-8.  Stage Changes from No Project Condition to Enhance Flood System 
Capacity Approach – 1 Percent AEP (100-year) 
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Figure 2-9.  Stage Changes from No Project Condition to Enhance Flood System 
Capacity Approach – 0.5 Percent AEP (200-year) 
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Figure 2-10.  Stage Changes from No Project Condition to State Systemwide Investment 
Approach – 2 Percent AEP (50-year) 
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Figure 2-11.  Stage Changes from No Project Condition to State Systemwide 
Investment Approach – 1 Percent AEP (100-year) 
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Figure 2-12.  Stage Changes from No Project Condition to State Systemwide Investment 
Approach – 0.5 Percent AEP (200-year) 
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3.0 Methodology 
This section provides an overview of the CVFPP modeling framework, 
model selection, the RMA Delta Model, and modeling assumptions for the 
No Project condition and each CVFPP approach. 

It is important to note that the hydraulic modeling conducted using the 
RMA Delta Model is a deterministic process that simulates levee breaches 
based on data provided regarding levee performance.  Hydraulic modeling 
cannot and does not predict the location of actual levee breaches. 

3.1 CVFPP Modeling Overview 

Figure 3-1 shows the overall hydraulic modeling schematic for the CVFPP.  
With defined boundary conditions (including upstream hydrographs to 
represent storm events, downstream tailwater stage, levee breach scenarios, 
etc.), riverine hydraulic conditions were simulated to generate hydrographs 
that would be the upstream boundary conditions for the Delta hydraulic 
model.  The Delta hydraulic model was then used to estimate the water 
stage for locations inside the Delta.  Details of the riverine hydraulic 
modeling are contained in Attachment 8C: Riverine Channel Evaluations. 
All flows from areas protected by the SPFC eventually pass through the 
Delta; therefore, estuary hydraulic modeling using existing tools was an 
important part of the hydraulic analyses needed to support the CVFPP 
development. 

3.2 Model Selection 

Two existing hydraulic models were evaluated for use in determining water 
stages in the Delta: the Delta Simulation Model II (DSM2) and the RMA 
Delta Model. 
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Figure 3-1.  Schematic of CVFPP Hydraulic Modeling 
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DSM2, developed by DWR in the early 1990s, is a branched one-
dimensional (1-D), physically based numerical model of the Delta.  DSM2-
Hydro, the hydrodynamics module, is derived from the U.S. Geological 
Survey (USGS) Four Point Model.  Key DSM2 inputs for the 
hydrodynamic module include tidal stage at Martinez, boundary inflows 
(e.g., Sacramento and San Joaquin rivers, Yolo Bypass, eastside streams), 
and operations of flow-control structures (e.g., Clifton Court Forebay gates, 
Delta Cross Channels).  DSM2 uses the Delta Island Consumptive Use 
(DICU) Model to develop agricultural diversions and return flow to each of 
142 Delta subareas.  The DICU follows the seasonal pattern of irrigation 
diversions during the summer and drainage return flows from winter 
runoff. 

The RMA Delta Model uses finite element analysis to enable a mixed 
representation of two-dimensional (2-D) depth-averaged elements and 1-D 
channel elements.  For systems such as the San Francisco Bay-Delta, the 
2-D depth-averaged elements are typically used to represent the open 
waters of the bays and large river channels while the 1-D elements are used 
for reproducing flow and transport for simple channels in the Delta (RMA, 
2005).  Boundary conditions and model extents for the RMA Delta Model 
are similar to DSM2.  The RMA Delta Model also uses DICU Model 
outputs for agricultural diversions and return flows into the Delta. 

The RMA Delta Model can explicitly simulate levee breaches and 
inundation of islands to estimate interior flood depth using available 
elevation data for levee crest and Delta island topography.  Therefore, the 
RMA Delta Model was selected for this CVFPP estuary channel evaluation 
to estimate Delta in-channel water stage and flooding inside islands. 

3.3 RMA Delta Model Overview 

The RMA Delta Model is a calibrated finite element model for surface 
water hydrodynamics simulation to compute 2-D depth-averaged velocity 
and water surface elevation.  This model encompasses the major rivers and 
channels of the Delta system.  Figure 3-2 shows a schematic of the RMA 
Delta Model (RMA, 2005). 

The RMA Delta Model employs 2-D depth-averaged elements to represent 
large open water areas of the system, such as the area in and around Franks 
Tract, the Sacramento-San Joaquin River confluence, and Suisun Bay.  For 
this CVFPP estuary channel evaluation, the 2-D depth-averaged elements 
were extended on the Sacramento River near Rio Vista, and on the San 
Joaquin River to the Port of Stockton. 
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Other channels of the Delta are represented by 1-D channel elements for 
simplified representations of channel cross sections in trapezoidal shape.  
The 1-D elements have a provision for off-channel storage or an ineffective 
flow area.  This feature is typically used to represent shallow water or 
marsh areas bordering the main flow channel.  Off-channel storage is also 
defined with a simplified geometry. 

 
Source: RMA, 2005 
Figure 3-2.  Schematic of RMA Delta Model 
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By default, the outer boundary or shoreline encompassing the 2-D network 
elements are treated as “infinite walls” where no overtopping flow is 
allowed.  This is also true for flow in the 1-D channel elements.  Top of 
levee (TOL) elevations can be changed with time on a node-by-node basis 
to allow complete simulation of a breaching event and later levee repair. 

3.4 Modeling Assumptions for No Project Condition 

Tables 3-1 and 3-2 show modeling assumptions for the Sacramento and 
San Joaquin river basins, respectively, for the No Project condition and all 
of the CVFPP approaches.  The following sections describe assumptions in 
the RMA Delta Model for the CVFPP No Project condition. 

3.4.1 Paradise Cut Modifications 
The Lower San Joaquin River (LSJR) model was developed and calibrated 
for River Islands at Lathrop using the Hydrologic Engineering Center River 
Analysis System (HEC-RAS).  The model was constructed by converting a 
portion of the San Joaquin River Comprehensive Study UNET Model to 
the HEC-RAS platform, with additional refinements in floodplain geometry 
and hydraulic connections.  Figure 3-3 shows the extent of the LSJR HEC-
RAS model (MBK, 2006). 

Geometry data in the RMA Delta Model were modified to reflect 
refinements made in the LSJR HEC-RAS Model, as follows: 

• The junction of Paradise Cut (see Figure 3-3) and the San Joaquin 
River were modeled with 2-D features to better simulate weir flow. 

• Channel representation for the junction of Grant Line Canal/Old 
River/Paradise Cut was refined and extended. 
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Table 3-1.  Summary of Sacramento River Basin Modeling Assumptions 

Element Description 
No 

Project 
(NPRJ) 

Achieve SPFC 
Design Flow 

Capacity  
(SPFC) 

Protect High 
Risk 

Communities  
(PHRC) 

Enhance Flood 
System Capacity  

(EFSC) 

State Systemwide 
Investment  

(SSIA) 

Levee  
Setback 

Sacramento River RM 199.5 to 197 
   

√  
Sacramento River RM 169.5 to 111.25 

   
√  

Feather River RM 24.5 to 0 
   

√  

Le
ve

e 
Im

pr
ov

em
en

t Restore 1955/1957 design levee:  
Assume levee breach at top of levee in 
hydraulic model  

√ 
 

√  

Fix urban area levee:   
Assume levee breach at top of levee in 
hydraulic model   

√ √ √ 

TRLIA levee improvement √ √ √ √ √ 
Marysville levee improvement √ √ √ √ √ 
Natomas levee improvement √ √ √ √ √ 

Bypass 

Widen Yolo Bypass1 
   

√ √ 
Widen Sacramento Bypass and Gates    √  
Widen Sutter Bypass 

   
√ √ 

Feather to Butte Basin (Biggs) Bypass 
   

√ √ 

R
es

er
vo

ir 
St

or
ag

e 
 

an
d 

O
pe

ra
tio

ns
 

Folsom Dam Joint Federal Project √ √ √ √ √ 
Lake Oroville: Modify Lake Oroville 
release schedule    

√  

New Bullards Bar and Lake Oroville:  
Implement coordinated operation of the 
Feather-Yuba River Basin    

√  

Fl
oo

dp
la

in
  

St
or

ag
e Sutter Butte Basin 

   
√  

Feather River Basin 
   

√  
Elkhorn 

   
√  

Merritt Island 
   

√  
Notes: 
55/57 levee design profile was the design standard for the 
State Plan of Flood Control. 
1  Use off-stream storage to model levee setback. 

Key: 
EFSC = Enhance Flood System Capacity Approach 
NPRJ = No project 
PHRC = Protect High Risk Communities Approach 
RM = River Mile 

SPFC = State Plan of Flood Control 
SSIA = State Systemwide Investment 
Approach 
TRILIA = Three Rivers Levee Improvement 
Authority 
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Table 3-2.  Summary of San Joaquin River Basin Modeling Assumptions 

Element Description 
No 

Project 
(NPRJ) 

Achieve SPFC 
Design Flow 

Capacity  
(SPFC) 

Protect High 
Risk 

Communities  
(PHRC) 

Enhance Flood 
System 

Capacity  
(EFSC) 

State Systemwide 
Investment  

(SSIA) 

Levee  
Setback 

SJR RM115 to 99 
   

√  

SJR RM 81.5 to 72.5 
   

√  

Le
ve

e 
Im

pr
ov

em
en

t Restore 55/57 levee design profile:  
Assume levees breach at top of levee in 
hydraulic model  

√ 
 

√  

Fix urban area levees:  
Assume levees breach at top of levee in 
hydraulic model   

√ √ √ 

Restore bypass levees: 
Assume levees breach at top of levee in 
hydraulic model   

√ 
 

√  

Bypass Widen Paradise Cut 
   

√ √ 

R
es

er
vo

ir 
St

or
ag

e 
 

an
d 

O
pe

ra
tio

ns
 

New Don Pedro Reservoir: 
Increase flood storage allocation by 
230,000 acre-feet     

√  

Friant Dam and Millerton Lake: Increase 
flood storage allocation by 60,000 acre-
feet     

√  

New Exchequer Dam and Lake: Increase 
flood storage allocation by 100,000 acre-
feet     

√  

Fl
oo

dp
la

in
  

St
or

ag
e 

Roberts Island 
   

√  
San Joaquin River: between Merced and 
Tuolumne rivers    

√  

San Joaquin River: between Tuolumne 
River and Stanislaus River    

√  

Note: 
55/57 levee design profile was the design standard for the State Plan of Flood Control 
Key: 
EFSC = Enhance Flood System Capacity Approach 
NPRJ = No project 

PHRC = Protect High Risk Communities Approach 
RM = river mile 
SJR = San Joaquin River 

SPFC = State Plan of Flood Control 
SSIA = State Systemwide Investment Approach 
TRLIA = Three Rivers Levee Improvement Authority 
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(Source: MBK, 2006) 
Figure 3-3.  Schematic of LSJR HEC-RAS Model for River Islands 

3.4.2 Boundary Conditions 
UNET model outputs for the Sacramento and San Joaquin river basins for 
the No Project condition were incorporated into the RMA Delta Model as 
upstream boundary conditions.  These upstream boundary conditions from 
UNET models were applied into the RMA Delta Model at the following 
locations (see Figure 3-4): 

• Sacramento River downstream from American River confluence 

• Yolo Bypass at three locations near Liberty Island 

• San Joaquin River at Vernalis1 

                                                        
1 UNET flow for the San Joaquin River upstream from Paradise Cut Weir was applied in the 

RMA Delta Model at Vernalis (about 13 river miles upstream from the Paradise Cut Weir) 
by shifting the time-series 10 hours earlier to address the lag time.  Also, the RMA Delta 
Model assumed there was no levee breach along the San Joaquin River between 
Vernalis and the Paradise Cut Weir.  Such a levee breach was addressed in the UNET 
model. 
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Flows entering the Delta from eastside streams (collectively referred to as 
Delta tributaries) were incorporated into the RMA Delta Model based on 
hydrographs from the Sacramento and San Joaquin River Basins 
Comprehensive Study (Comprehensive Study)(USACE, 2002a) for six 
flood events (AEPs of 10, 4, 2, 1, 0.5, and 0.2 percent) to represent flows 
for: Mokelumne, Cosumnes, and Calaveras rivers, and French Camp 
Slough (see Figure 3-4). 

Historical records from January 1997 were shifted 20 days forward to 
match the UNET model simulation period (i.e., historical records of 
January 1 were shifted to January 21 in the RMA Delta Model) and were 
used as boundary conditions for the following: 

• Downstream tidal stage at Martinez 

• Central Valley Project (CVP) and State Water Project (SWP) exports 

• Operations of control structures in the Delta2 

                                                        
2 Control structures in the Delta of interest include Suisun Marsh Salinity Control gate, 

Delta Cross Channel, Old River near Tracy barrier, temporary barrier at the head of Old 
River, Middle River temporary barrier, Clifton Court Forebay Gates, Grant Line Canal 
barrier, and Rock Slough tide gate. 
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Figure 3-4.  Upstream Boundary Inflow Locations for RMA Delta Model 
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3.4.3 Delta Inflow Annual Exceedence Probabilities 
The riverine hydraulic model of the Sacramento River Basin has five storm 
centerings (Sacramento, Ord Ferry, Shasta, Yuba, and American River) and 
the San Joaquin River Basin also has five centerings (Vernalis, Newman, 
El Nido, Merced, and Friant) for six flood events (AEPs of 10, 4, 2, 1, 0.5, 
and 0.2 percent) (see Attachment 3: Riverine Channel Evaluations). 

Only hydrographs from the Sacramento and Vernalis centerings were used 
as inputs into the RMA Delta Model.  These two storm centerings 
generated the largest peak inflows into the Delta for flood events from the 
Sacramento and San Joaquin river basins. 

The exceedence frequency of storm inflows from the Sacramento and San 
Joaquin river basins into the Delta from a given storm are not likely to be 
exactly the same, but inflows from the two basins do have some 
meteorological connectivity.  To help identify a reasonable Sacramento-
San Joaquin river inflow coincident probability to use for the Delta channel 
evaluation, two approaches were taken: review of historical inflows and 
hydraulic sensitivity analysis. 

Historical Flow Review 
Historical full natural daily flows from October 1, 1921, through November 
18, 1997 (i.e., water years 1922 through 1997), were evaluated at the 
following locations: 

• Sacramento River at latitude Sacramento 

• San Joaquin River near Vernalis 

• Cosumnes River at Michigan Bar 

• Mokelumne River at Camanche Reservoir 

• Calaveras River at New Hogan Reservoir 

For the historical flow review, a summation of flows from the five sources 
listed above was used to represent total Delta inflows for each day.  An 
analysis was made of the coincidence of Delta river source inflows with 
total Delta inflow; results are shown in Figure 3-5.  For each water year, 
the date of maximum Delta total inflow was identified and the recurrence 
interval was calculated.  Flows for the same day on the Sacramento and 
San Joaquin rivers were identified and the corresponding recurrence 
interval was then determined for each of those flows and plotted with the 
total Delta inflow recurrence (see Figure 3-5) to show the correlations. 
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Figure 3-5 shows that total Delta inflows historically had the highest 
correlation with Sacramento River flows; a 1 percent AEP event (100-year) 
in the Delta could be caused by a 1.11 percent AEP event (90-year) on the 
Sacramento River, which would coincide with a San Joaquin River flood of 
having an AEP of roughly 1.25 percent (80-year).  The differences in 
coincident AEP are due in part to different timing of peak flows; San 
Joaquin River flow at Vernalis typically peaked 1 day later than the 
Sacramento River flow at latitude Sacramento while the Delta tributaries 
peaked 1 day earlier. 

Hydraulic Sensitivity Analysis 
A sensitivity analysis was performed using the RMA Delta Model to 
understand the sensitivity of Delta stages to varying Sacramento and San 
Joaquin river inflows at the following locations (Figure 3-6): 

• Old River near Tracy Temporary Barrier 

• Middle River near State Highway 4 

• Middle River at Bacon Island 

• San Joaquin River at Rindge Pump 

• Head of Old River 

• San Joaquin River at Jersey Point 

• Sacramento River at Rio Vista 

• Sacramento River above Delta Cross Channel 

The sensitivity analysis shown in Figure 3-7 included the following storm 
events under the No Project condition: 

• A 1 percent AEP flood (100-year) for the Sacramento and San Joaquin 
river basins 

• A 1 percent AEP flood (100-year) for the Sacramento River Basin and 
a 2 percent AEP flood (50-year) for the San Joaquin River Basin 

• A 2 percent AEP flood (50-year) for the Sacramento River Basin and a 
1 percent AEP flood (100-year) for the San Joaquin River Basin 
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Figure 3-5.  Correlation of Total Delta Inflow Recurrence with Source Inflows 

As shown in Figure 3-8, for inflows into the RMA Delta Model from 
UNET results, the peak flow rate of the Sacramento River inflow 
(downstream from the American River confluence) to the RMA Delta 
Model  for the 2 percent AEP event has a very similar magnitude to the 
1 percent AEP event (Figure 3-8).  For the Yolo Bypass inflow to the RMA 
Delta Model (Yolo Bypass at Lisbon), the difference between the flow 
rates of the 1 percent and 2 percent AEP events is less than 10 percent.  For 
the San Joaquin River inflow to the RMA Delta Model (San Joaquin River 
upstream from the Paradise Cut Weir), the peak flow of the 1 percent AEP 
event is about 30 percent higher than the 2 percent AEP event. 
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Figure 3-6.  RMA Delta Model Output Locations 
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Figure 3-7.  Simulated Delta Stages for Hydraulic Sensitivity Analysis 
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Figure 3-7.  Simulated Delta Stages for Hydraulic Sensitivity Analysis 
(contd.) 
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Figure 3-7.  Simulated Delta Stages for Hydraulic Sensitivity Analysis 
(contd.) 

  



2012 Central Valley Flood Protection Plan 
Attachment 8D: Estuary Channel Evaluations 

3-18 January 2012 
 Public Draft 

 
 

 
 

 
Figure 3-8.  RMA Delta Model Inflows at Annual Exceedence 
Probability of 1 Percent and 2 Percent  
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The sensitivity analysis yields the following observations: 

• Stages at locations in the Delta that are closer to the Sacramento River 
or Yolo Bypass (e.g., Rio Vista) demonstrated high sensitivity to 
Sacramento River inflows and very low sensitivity to San Joaquin 
River inflows. 

• Stages at locations in the Delta that are closer to the San Joaquin River 
(e.g., head of Old River) demonstrated higher sensitivity to San Joaquin 
River inflows and very low sensitivity to Sacramento River inflows. 

• Stages at locations in the Delta closer to Martinez (e.g., Jersey Point), 
increased with rising inflows during the peak inflow period (between 
January 19 through 23).  However, the peak stage varied within 1 foot 
under different inflows from the two river basins.  Stages at these 
locations also demonstrated very high sensitivity to tidal stages. 

After looking at the results of the historical review and the sensitivity 
analysis, it was determined that Delta stage analysis would be based on 
inflows from the two river basins, as well as tributary flows for the same 
AEP. 

3.4.4 Simulation Period 
The Sacramento River UNET model simulation period was from January 6 
through 29, with peak flows for all flood events occurring between January 
18 and 20.  The San Joaquin River UNET model simulation period was 
from January 15 through February 3, with peak flows for all flood events 
occurring between January 18 and 20. 

For the RMA Delta Model, the simulation period for the 1, 0.5, and 0.2 
percent AEP events was from January 7 through January 31.  The 
simulation period for the remaining AEP events was from January 7 
through February 3 so that river peak stages had passed through the Delta 
by the end of the simulation period. 

Because the Delta simulation period extended beyond the simulation period 
for the Sacramento River UNET model, Sacramento River and Yolo 
Bypass inflows to the Delta were extended by repeating the last flow rates 
of the period beyond the UNET simulation period (i.e., the flow rate for 
January 29 was repeated for the period of January 30 through January 31 
for 1, 0.5, and 0.2 percent AEP events, and through February 3 for the 
remaining events).  Similarly, inflows to the Delta from the San Joaquin 
River UNET model were extended by repeating the very first flow rate for 
the period before the UNET simulation period. 
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3.4.5 Levee Breach Location and Elevation 
In the RMA Delta Model, by default, a boundary or shoreline is 
represented as an “infinite wall” where no overtopping flow is allowed.  To 
simulate levee overtopping, levee failures, and resulting island flooding, 
network elements representing river channels were connected to Delta 
island elements with “weir elements.”  Levee failure was modeled by 
changing the weir elevation over time on a node-by-node basis to allow 
complete simulation of a levee failure event.  Flow over a levee can 
transition from free weir flow to submerged weir flow and finally to simple 
friction loss using a Manning’s “n” formula.  The RMA model now allows 
levees to overtop without failure or permits the initiation of levee failure 
when a threshold water surface elevation is reached. 

It is assumed that when river stage is higher than the levee crest of an 
island, the levee will begin to breach and water will flow into the island 
until water stage inside and outside the island is in equilibrium.  For each 
Delta island, levee crest elevations were taken approximately every 
1,500 feet along the levee from DWR 2008 Light Detection and Ranging 
(LiDAR) data (URS, 2011).  The breach location for each island was 
selected through the following steps: 

• Step 1 – Use the RMA Delta Model with “infinite walls” ” (i.e., no 
levee overtopping or breaches) to simulate maximum river stage under 
the 0.5 percent AEP event of the Achieve SPFC Design Flow Capacity 
Approach.3  From the Riverine Studies, the SPFC approach resulted in 
the largest stage increases into the Delta. 

• Step 2 – Calculate overtopping as the difference between the peak river 
stage and levee crest elevation. 

• Step 3 – Use the location of the maximum overtopping difference from 
Step 2 as the levee breach location. 

The UNET and RMA Delta models overlap at their downstream and 
upstream ends, respectively.  For islands that were simulated in both the 
RMA Delta Model and the UNET models (see Figure 3-4), levee breach 
simulation in the RMA Delta Model was based on the same assumptions 
for levee breach location and elevation as in the UNET models. 

                                                        
3 Boundary inflow for this event represents the most conservative river flow conditions––

that levees upstream do not fail until river stage exceeds the SPFC design flow capacity.   
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3.5 Assumptions for Achieve SPFC Design Flow 
Capacity Approach 

Changes in modeling assumptions from the No Project condition in the 
RMA Delta Model for the Achieve SPFC Design Flow Capacity Approach 
included changing levee breach elevations for SPFC levees to match the 
SPFC design profile plus three feet of freeboard and using different 
upstream boundary condition inflows from the Achieve SPFC Design Flow 
Capacity UNET models of the Sacramento and San Joaquin rivers. 

3.6 Assumptions for Protect High Risk 
Communities Approach 

Changes in modeling assumptions from the No Project condition in the 
RMA Delta Model for the Protect High Risk Communities Approach 
included changing levee breach elevations for any high risk community 
levees and using different upstream boundary condition inflows from the 
Protect High Risk Communities UNET models of the Sacramento and San 
Joaquin rivers. 

3.7 Assumptions for Enhance Flood System 
Capacity Approach 

Changes in modeling assumptions from the No Project condition in the 
RMA Delta Model for the Enhance Flood System Capacity Approach 
included Paradise Cut Bypass modifications, transitory storage on Roberts 
Island, and different upstream boundary condition inflows from the 
Enhance Flood System Capacity UNET models of the Sacramento and San 
Joaquin rivers. 

3.7.1 Paradise Cut Bypass Modifications 
The following improvements to Paradise Cut to increase its capacity to 
divert water during the high-flow conditions were made in the RMA Delta 
Model as part of the Enhance Flood System Capacity Approach (see Figure 
3-9): 

• Removal of about 4 feet of soil from an existing elevated terrace in the 
reach of Paradise Cut downstream from the weir to the upstream side of 
the Union Pacific Railroad (UPRR) crossing to lower the tailwater for 
the Paradise Cut Weir, allowing more flow to be diverted from the San 
Joaquin River over the weir. 
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Figure 3-9.  Paradise Cut Bypass Configuration 
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• Construction of a new levee set back about 150 feet from the existing 
levee on the right bank of Paradise Cut between the UPRR crossing and 
Interstate 5, with breaches in the existing levee to increase the carrying 
capacity of Paradise Cut without a corresponding stage increase.  The 
rest of the existing levee would remain as an in-channel island for 
ecological restoration area. 

• Construction of a new levee set back 150 to 900 feet from the existing 
levee on the right bank of Paradise Cut from downstream of the western 
Union Pacific Railroad crossing to the Paradise Road crossing. The 
existing levee would remain but would be breached in several locations, 
and the area between the existing and new levees would be excavated 
down to an elevation of 3.0 feet below mean sea level (msl) to form a 
marsh area for ecological restoration. 

• Construction of a new setback levee with levee breaches in the existing 
levee between Paradise Road and the confluence of Paradise Cut with 
Old River similar to the section just upstream, except that the area 
between the existing and new levees would be excavated to an 
elevation of 5.0 feet below msl to form a marsh area for ecological 
restoration. 

3.7.2 Roberts Island Transitory Storage 
Roberts Island transitory storage is to provide about 69,000 acre-feet of 
storage on 8,800 acres on Upper and Middle Roberts Island for the 1 
percent AEP and larger flood events.  Floodflows would enter the Roberts 
Island transitory storage area over a new weir in the levee on the left bank 
of the San Joaquin River and would be stored until the river subsides to a 
stage that no longer threatens the metropolitan Stockton area.  Stored water 
would be released back to the San Joaquin River through a new outlet.  The 
following are improvements or additions (see Figure 3-10) for this new 
transitory storage area: 

• Levee repairs along the left bank of San Joaquin River and the right 
banks of the Middle and Old rivers. 

• Construction of a 3,000-foot-long concrete weir (crest height 16.28 feet 
NGVD29) on the left bank of the San Joaquin River about 2.25 miles 
downstream from the confluence of the San Joaquin River and Old 
River. 
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Figure 3-10.  Roberts Island Transitory Storage 
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• Construction of a new 7.4-mile-long levee (crest height about 16.5 feet 
NGVD29) through the center of Roberts Island to connect the left bank 
of the San Joaquin River with the right bank of Old River and to 
separate Middle Roberts Island from Lower Roberts Island.  The new 
levee is necessary because the land surface elevation of Lower Roberts 
Island is below sea level, and removing any stored water from Lower 
Robert Island would require pumping, instead of gravity drainage, as is 
the case with Upper and Middle Robert Island. 

• Construction of a gated outlet structure at the northeast corner of 
Middle Roberts Island, just south of State Highway 4 to accommodate a 
maximum 2,500 cfs return flow to the San Joaquin River at various 
stages. 

3.8 Assumptions for State Systemwide Investment 
Approach 

Changes in modeling assumptions from the No Project condition for the 
RMA Delta Model for the State Systemwide Investment Approach 
included changing levee breach elevations for any high risk community 
levees, Paradise Cut Bypass modifications (see Section 3.7.1), and using 
different upstream boundary condition inflows from the State Systemwide 
Investment Approach UNET models of the Sacramento and San Joaquin 
rivers. 

3.9 Model Limitations 

Understanding and applying the results of any model requires an 
understanding of the limitations of the model.  Limitations associated with 
the RMA Delta Model are as follows: 

• Levee breach locations and elevations were predetermined.  Once river 
stage at a predetermined location exceeded the designated elevation, 
levee overtopping or failure and subsequent island flooding were 
simulated using 2-D weir elements. 

• The RMA Delta Model for the CVFPP should not be used to predict 
actual levee failures because model inputs are deterministic (i.e., no 
randomness is involved in the model results, but actual levee failures 
are a matter of probability). 
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• River channels were represented by 1-D or 2-D elements to 
approximate reality and might potentially simplify the representation of 
the channel at certain locations. 

• The RMA Delta Model does not represent flow hydraulics through 
bridges with the same level of detail as the HEC-RAS program. 

• The RMA Delta Model is intended to be used to simulate Delta in-
channel water stage and flood depth and flood volume of Delta islands.  
The water quality module of the RMA Delta Model was not used for 
the 2012 CVFPP modeling and, thus, flood-associated salinity and 
particle transport were not evaluated. 

 
.
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4.0 Results 
Figure 4-1 indicates the locations in the Delta at which stage-frequency 
curves will be plotted to allow comparison of the operations of the flood 
management system among the No Project condition and the various 
approaches. 

4.1 Stage-Frequency Curves 

Figures 4-2 through 4-16 show stage-frequency curves for all of the 
approaches for the 15 selected output locations in the Delta (Figure 4-1). 

Abbreviations are used on the stage-frequency plots to designate the the 
approaches, as follows: 

• SPFC = Achieve SPFC Design Flow Capacity Approach 

• PHRC = Protect High Risk Communities Approach 

• EFSC = Enhance Flood System Capacity Approach 

• SSIA = State Systemwide Investment Approach 

4.2 Out-of-System Volumes 

Figure 4-1 shows the names and locations of the Delta islands used to 
tabulate the volume of floodflows leaving the flood management system 
during a given flood.  Tables 4-1 through 4-5 contain the out-of-system 
volume for the No Project condition and each of the approaches in each of 
the islands.  These out-of-system volumes are instrumental in 
understanding the function of the flood management system in the Delta.  
For example, the stage at a given location may be lower for the 100-year 
flood than for the 50-year flood.  If islands upstream from or in the vicinity 
of this location are reviewed and a significant increase is observed in out-
of-system volume between the 50- and the 100-year floods, it can be 
concluded that a levee breach upstream from the location has reduced the 
flows to a level less than the 50-year flow. 

Another example would be a location where the stage between No Project 
condition and one of the approaches increases significantly for the same 
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AEP flood.  Again, if upstream out-of-system volume is reduced, it can be 
concluded that additional flow remains in the river because upstream levees 
may have been reconstructed or raised and no longer breach as they did in 
the No Project condition. 

4.3 Findings 

4.3.1 Achieve SPFC Design Flow Capacity Approach 
Restoring all SPFC levees to their design flow capacity for the Achieve 
SPFC Design Flow Capacity Approach would significantly reduce the 
number of levee breaks upstream from the Delta and would cause increased 
stages at all reporting locations in the Delta.  The floodwaters that normally 
would leave the system through levee breaches in the No Project condition 
would be contained in the river channels and barring other levee breaches 
would continue downstream to the Delta in this approach.  Island 
inundation from levee breaches would be greater than the No Project 
condition for AEPs as low as 1 percent.  Island inundation would actually 
decrease for AEPs of 0.5 and 0.2 percent because of increased levee breaks 
in the downstream areas of the Sacramento and San Joaquin river basins. 

4.3.2 Protect High Risk Communities Approach 
The Protect High Risk Communities Approach modifies urban levees to 
pass the 200-year (0.5 percent AEP) flood with 3 feet of freeboard.  Since it 
is only urban levees, and a few small communities, that are modified, 
stages in the Delta would remain essentially the same as for the No Project 
condition.  Island inundation follows the same pattern and is much the 
same as the No Project condition except for the 0.5 and 0.2 percent AEP 
floods where urban areas that sustained a levee breaks in the No Project 
condition do not break, causing increased flows downstream, which would 
increase stages and result in increased island inundation in the Delta. 

4.3.3 Enhance Flood System Capacity Approach 
The Enhance Flood System Capacity Approach modifies urban levees to 
pass the 200-year (0.5 percent AEP) flood with 3 feet of freeboard.  In 
addition, nonurban SPFC levees, including SPFC levees in the Delta, were 
modified to the 55/57 design profile (the design standard for construction 
of the State Plan of Flood Control) plus freeboard (3 feet), or the existing 
TOL elevation as determined by the ULE and NULE projects, whichever 
was greater.  Other key components of the approach are added upstream 
reservoir storage, widened and new bypasses, levee setbacks, and 
floodplain storage. 
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Even though restoring all urban and SPFC levees as described above 
should result in additional flow volumes entering the Delta, flow volumes 
entering the Delta are significantly decreased for the 10, 4, 2, and 1 percent 
(10-, 25, 50-, 100-year) floods as a result of the added upstream reservoir 
and floodplain storage.  For the 0.5 and 0.2 percent AEP (200- and  
500-year) floods the reservoir and floodplain storage is not enough to 
prevent an increase in flow into the Delta. 

Flooding in the Delta is less than for the No Project condition for all AEPs 
because for two reasons.  First, more than a dozen of the islands that flood 
in the No Project condition have SPFC levees and thus are restored to their 
design profile for the Enhance Flood System Capacity Approach.  Second, 
for more frequent floods (i.e., 10, 4, 2, and 1 percent AEP), there is flow 
entering the Delta and therefore lower stages.  The combination of these 
two factors results in less Delta flooding for the Enhance Flood System 
Capacity Approach. 

4.3.4 State Systemwide Investment Approach 
The State Systemwide Investment Approach assumes the same 
improvements to urban levees as the Protect High Risk Communities 
Approach.  In addition, a new bypass and widening of the Yolo and Sutter 
bypasses are included in the Sacramento River Basin, and Paradise Cut 
Bypass is widened in the San Joaquin River Basin.  Stages in the Delta are 
similar to or lower than the Protect High Risk Communities Approach, 
except where changes to the bypasses modify stages.  Island inundation is 
less than the No Project condition for all AEPs except for the 0.2 percent 
AEP that sustains a less than 1 percent increase in island inundation. 
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Figure 4-1.  RMA Delta Model Output Locations 
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Figure 4-2.  Stage-Frequency Curves: Grant Line Canal at Tracy Road [1] 

 
Figure 4-3.  Stage-Frequency Curves: Middle River at Bacon Island [2] 
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Figure 4-4.  Stage-Frequency Curves: Middle River near State Highway 4 [3] 

 
Figure 4-5.  Stage-Frequency Curves: Old River at Bacon Island [4] 
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Figure 4-6.  Stage-Frequency Curves: Old River near State Highway 4 [5] 

 
Figure 4-7.  Stage-Frequency Curves: Old River near Tracy Temporary Barrier [6] 
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Figure 4-8.  Stage-Frequency Curves: Head of Old River [7] 

 
Figure 4-9.  Stage-Frequency Curves: Sacramento River at Rio Vista [8] 
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Figure 4-10.  Stage-Frequency Curves: Sacramento River Above Delta Cross Channel [9] 

 
Figure 4-11.  Stage-Frequency Curves: San Joaquin River at Jersey Point [10] 
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Figure 4-12.  Stage-Frequency Curves: San Joaquin River at San Andreas Landing [11] 

 
Figure 4-13.  Stage-Frequency Curves: San Joaquin River at Rindge Pump [12] 
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Figure 4-14.  Stage-Frequency Curves: San Joaquin River at Stockton [13] 

 
Figure 4-15.  Stage-Frequency Curves: Little Connection Slough [14] 
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Figure 4-16.  Stage-Frequency Curves: Old River at Franks Tract [15] 
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Table 4-1.  Island Inundated (Out-of-System) Volume by Annual Exceedence 
Probability – No Project Condition 

Island Name 

Island Inundated Volume due to Flooding (TAF) 

10% AEP 4% AEP 2% AEP 1% AEP 0.5% AEP 0.2% AEP 
Merritt Island     82 91 
Pierson District 
(Courtland/RD551)      211 

Sutter Island     38 39 

Grand Island     310 307 

Tyler Island   148 157 168 179 

Brannan-Andrus Island      111 

Ryer Island      203 

Hastings Tract    75 76 72 

Lindsey Slough   70 76 77 78 

Prospect Island 4 16 16 17 18 18 

Little Egbert Tract  45 46 49 51 51 

New Hope Tract       
Staten Island      186 

Terminous Tract       
Bradford Island    38 38 38 

Webb Tract       
Empire Tract    81 80 81 

Stewart Tract     22 32 
Roberts Island, Drexler 
Tract, Jones Tract     422 699 

Union Island      119 

SE Union Island     5 7 

Coney Island     15 17 

Mandeville Island       

Venice Island       

Medford Island       

Shima Tract       

Veale Tract       

Victoria Island       

Locke       

Total Volume 4 61 281 492 1,401 2,539 
Key: 
AEP = annual exceedence probability 
RD = Reclamation District 
SE= Southeast 
TAF = thousand acre-feet 
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Table 4-2.  Island Inundated (Out-of-System) Volume by Annual Exceedence 
Probability – Restore SPFC Design Flow Capacity Approach 

Island Name 

Island Inundated Volume due to Flooding (TAF) 

10% AEP 4% AEP 2% AEP 1% AEP 0.5% AEP 0.2% AEP 
Merritt Island 

     
101 

Pierson District 
(Courtland/RD551)      

230 

Sutter Island 
      

Grand Island 
      

Tyler Island 
  

150 157 166 179 

Brannan-Andrus Island 
    

111 162 

Ryer Island 
      

Hastings Tract 
    

92 94 

Lindsey Slough 
      

Prospect Island 4 17 19 20 22 23 

Little Egbert Tract 
 

48 53 55 60 61 

New Hope Tract 
      

Staten Island 
     

192 

Terminous Tract 
   

162 166 167 

Bradford Island 
  

38 39 40 39 

Webb Tract 
  

- 125 129 127 

Empire Tract 
  

80 82 83 83 

Stewart Tract 
      

Roberts Island, Drexler 
Tract, Jones Tract      

660 

Union Island 
      

SE Union Island 
     

9 

Coney Island 
   

15 17 18 

Mandeville Island     120 120 

Venice Island     70 71 

Medford Island     10 21 

Shima Tract     17 18 

Veale Tract     17  

Victoria Island      133 

Locke      3 

Total Volume 4 65 339 655 1,120 2,511 
Change in Volume from 
No Project  0 5 58 163 -281 -28 

Key: 
AEP = annual exceedence probability 
RD = Reclamation District 
SE= Southeast 
TAF = thousand acre-feet 
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Table 4-3.  Island Inundated (Out-of-System) Volume by Annual Exceedence 
Probability – Protect High Risk Communities Approach 

Island Name 

Island Inundated Volume due to Flooding (TAF) 

10% AEP 4% AEP 2% AEP 1% AEP 0.5% AEP 0.2% AEP 
Merritt Island 

    
85 90 

Pierson District 
(Courtland/RD551)     

196 213 

Sutter Island 
    

39 39 

Grand Island 
    

291 318 

Tyler Island 
  

148 157 162 179 

Brannan-Andrus Island 
     

119 

Ryer Island 
    

193 215 

Hastings Tract 
   

75 79 76 

Lindsey Slough 
  

72 76 79 78 

Prospect Island 4 16 16 17 18 19 

Little Egbert Tract 
 

45 46 49 51 51 

New Hope Tract 
      

Staten Island 
     

187 

Terminous Tract 
      

Bradford Island 
   

38 37 39 

Webb Tract 
      

Empire Tract 
   

80 80 82 

Stewart Tract 
    

22 32 
Roberts Island, Drexler 
Tract, Jones Tract     

421 693 

Union Island 
     

119 

SE Union Island 
    

5 7 

Coney Island 
     

17 
Mandeville Island       

Venice Island       
Medford Island       
Shima Tract       
Veale Tract       
Victoria Island       

Locke       
Total Volume 4 61 282 492 1,758 2,572 
Change in Volume from 
No Project 0 0 1 0 357 33 

Key: 
AEP = annual exceedence probability 
RD = Reclamation District 
SE= Southeast 
TAF = thousand acre-feet 
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Table 4-4.  Island Inundated (Out-of-System) Volume by Annual Exceedence 
Probability – Enhance Flood System Capacity Approach 

Island Name 

Island Inundated Volume due to Flooding (TAF) 

10% AEP 4% AEP 2% AEP 1% AEP 0.5% AEP 0.2% AEP 
Merritt Island 

     
96 

Pierson District 
(Courtland/RD551)       
Sutter Island 

      
Grand Island 

      
Tyler Island 

  
147 154 167 126 

Brannan-Andrus Island 
     

130 

Ryer Island 
      

Hastings Tract 
     

94 

Lindsey Slough 
      

Prospect Island 2 15 16 17 21 23 

Little Egbert Tract 
 

43 46 48 56 62 

New Hope Tract 
      

Staten Island 
     

191 

Terminous Tract 
     

167 

Bradford Island 
    

38 39 

Webb Tract 
    

125 127 

Empire Tract 
    

81 82 

Stewart Tract 
      

Roberts Island, Drexler 
Tract, Jones Tract 32 71 71 84 114 176 

Union Island 
    

87 164 

SE Union Island 
      

Coney Island 
    

15 17 
Mandeville Island       

Venice Island       
Medford Island       
Shima Tract      17 
Veale Tract       
Victoria Island       

Locke       
Total Volume 34 128 280 302 705 1514 
Change in Volume from 
No Project 32 72 70 15 -382 -1045 

Key: 
AEP = annual exceedence probability 
RD = Reclamation District 
SE= Southeast 
TAF = thousand acre-feet 
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Table 4-5.  Island Inundated (Out-of-System) Volume by Annual Exceedence 
Probability – State Systemwide Investment Approach 

Island Name 

Island Inundated Volume due to Flooding (TAF) 

10% AEP 4% AEP 2% AEP 1% AEP 0.5% AEP 0.2% AEP 
Merritt Island 

    
81 87 

Pierson District 
(Courtland/RD551)      

146 

Sutter Island 
    

38 40 

Grand Island 
     

311 

Tyler Island 
  

148 154 173 179 

Brannan-Andrus Island 
      

Ryer Island 
     

228 

Hastings Tract 
    

74 83 

Lindsey Slough 
   

71 76 82 

Prospect Island 2 15 16 16 17 19 

Little Egbert Tract 
 

42 46 47 49 53 

New Hope Tract 
      

Staten Island 
     

193 

Terminous Tract 
     

152 

Bradford Island 
    

38 39 

Webb Tract 
      

Empire Tract 
    

81 82 

Stewart Tract 
    

21 30 
Roberts Island, Drexler 
Tract, Jones Tract     

419 693 

Union Island 
     

120 

SE Union Island 
    

5 7 

Coney Island 
    

15 17 

Mandeville Island       

Venice Island       

Medford Island       

Shima Tract       

Veale Tract       

Victoria Island       

Locke    `   

Total Volume 2 57 210 288 1,087 2,559 
Change in Volume from 
No Project -2 -4 -72 -204 -314 20 

Key: 
AEP = annual exceedence probability 
RD = Reclamation District 
SE= Southeast 
TAF = thousand acre-feet 
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6.0 Acronyms and Abbreviations 
1-D .................................. one-dimensional 

2-D .................................. two-dimensional 

AEP ................................. annual exceedence probability 

AF ................................... acre-foot 

Bay Area ......................... San Francisco Bay Area 

Board .............................. Central Valley Flood Protection Board 

Comprehensive Study ..... San Joaquin River Basins Comprehensive Study 

CVFPP ............................ Central Valley Flood Protection Plan 

CVP ................................. Central Valley Project 

Delta ................................ Sacramento-San Joaquin Delta 

DICU ............................... Delta Island Consumptive Use 

DSM2 .............................. Delta Simulation Model II 

DWR ............................... California Department of Water Resources 

HEC-RAS ........................ Hydrologic Engineering Centers River Analysis 
System 

LiDAR .............................. Light Detection and Ranging 

LSJR ............................... Lower San Joaquin River 

MAF ................................ million acre-feet 

MBK ................................ MBK Engineers 

msl .................................. mean sea level 

RMA ................................ Resources Management Associates, Inc. 

S-F .................................. stage-frequency 

SPFC .............................. State Plan of Flood Control 

SSIA ................................ State Systemwide Investment Approach 

SWP ................................ State Water Project 

TAF ................................. thousand acre-feet 

TOL ................................. top of levee 

UNET .............................. Unsteady flow Through a Full NETwork of open 
channels computer model 
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UPRR .............................. Union Pacific Railroad 

USACE ............................ U.S. Army Corps of Engineers 

USGS .............................. U.S. Geological Survey 
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1.0 Introduction 
This section provides the purpose of this attachment, background 
information (including planning areas, goals, and approaches), an overview 
levee performance curves, and report organization. 

1.1 Purpose of this Attachment 

The hydraulic and economic analysis of the State Plan of Flood Control 
(SPFC) facilities for the Central Valley Flood Protection Plan (CVFPP) is 
based on analysis methodologies and computer models developed for the 
2002 Sacramento-San Joaquin River Basins Comprehensive Study 
(Comprehensive Study) conducted by the U.S. Army Corps of Engineers 
(USACE) and the California Department of Water Resources (DWR) 
between 1998 and 2002 (2002).  In that study, levee performance curves1 
were used to describe the ability of a given levee segment to withstand 
specified water surface elevations without breaching. 

To reflect the most current levee conditions, new levee performance curves 
were developed using the recently generated data and preliminary 
evaluations from DWR’s Urban Levee Evaluation (ULE) and Non-Urban 
Levee Evaluation (NULE) levee segments/reaches in the Sacramento River 
(North) and San Joaquin River (South) basins, in lieu of the 
Comprehensive Study levee performance curves. The new levee 
performance curves were based on geotechnical data and evaluations 
performed through summer 2011. 

This attachment first describes the expert consultation process that resulted 
in equations and techniques for using ULE and NULE data/preliminary 
evaluations to develop levee performance curves.  Next, the methodology 
used to develop the levee performance curves is described and applied 
using the ULE and NULE data/preliminary evaluations. 

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, DWR has prepared a sustainable, integrated flood 
management plan called the CVFPP, for adoption by the Central Valley 

                                                           
1 The term levee performance curves and fragility curves are synonymous. 
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Flood Protection Board (Board).  The 2012 CVFPP provides a systemwide 
approach to protecting lands currently protected from flooding by existing 
facilities of the SPFC, and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta). 

The DWR Levee Evaluations Program includes the ULE Project, covering 
State-federal Project (project) and appurtenant non-project levees in highly 
populated areas, and the NULE Project, which covers the remaining project 
and appurtenant non-project levees. The ULE Project includes 
approximately 470 miles of project and non-project levees protecting 
populations of 10,000 people or more, and the NULE Project includes 
1,620 miles of project and non-project levees protecting populations of 
fewer than 10,000 people. Non-project levees are considered appurtenant 
and are included in the DWR Levee Evaluations Program when these 
levees protect part of an overflow basin partially protected by project 
levees or may impact the performance of project levees. 

1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

 SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

 Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area, which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 

The newly developed levee performance curves are used to support 
geotechnical levee reliability for hydraulic models of the Sacramento and 
San Joaquin rivers and major tributaries contained within the SPFC 
Planning Area.  Levee performance curves located within the Stockton 
Area are discussed in Attachment 8C: Riverine Channel Evaluations. 

1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

 Primary Goal – Improve Flood Risk Management 

 Supporting Goals: 

- Improve Operations and Maintenance 

- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 

The work described in this attachment is related to the primary goal of 
improving flood risk management.  The levee performance curves help to 
understand and model the way SPFC levees react to floodwaters and what 
improvements to the levees may be required to provide desired levels of 
protection. 

1.5 2012 CVFPP Planning Approaches 

In addition to No Project, three fundamentally different approaches to 
flood management were initially compared to explore potential 
improvements in the Central Valley.  These approaches are not alternatives; 
rather, they bracket a range of potential actions and help explore tradeoffs 
in costs, benefits, and other factors important in decision making.  The 
approaches are as follows: 
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 Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

 Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

 Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 

Comparing these approaches helped identify the advantages and 
disadvantages of different combinations of management actions, and 
demonstrated opportunities to address the CVFPP goals to different 
degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 
developed that encompasses aspects of each of the approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

The levee performance curves developed from the ULE and NULE data 
describe the No Project condition of the levees. Each of the approaches 
described above would require modifications or improvements to levees 
with levee performance curves that result in levels of protection lower than 
desired for a given location in the particular approach. 

 
Figure 1-2.  Formulation Process for State Systemwide Investment 
Approach 
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1.6 Levee Performance Curves 

Levee performance curves developed for the CVFPP provide relationships 
between river water surface elevation (stage) and the probability that the 
levee segment will fail when exposed to that water surface elevation 
without human intervention (floodfighting). In this application, “failure” is 
defined as a levee breach in which water from the waterside of the levee is 
allowed to flow in an uncontrolled manner to the landside of the levee, 
potentially resulting in loss of life, personal injury, property damage, and 
economic loss.  The approach used to develop levee performance curves 
herein generally follows a process similar to that described in the USACE 
Manual ETL 1102-2-556 (USACE, 1999). 

Figure 1-3 provides three example levee performance curves. The 
probability of failure is plotted on the vertical (dependent) axis and water 
surface elevation is plotted on the horizontal (independent) axis. 
Probability of failure is shown on the vertical or dependent axis because 
probability of failure is a function the channel stage. The range of water 
surface elevations of interest begin at the landside toe of a levee, below 
which the probability of failure is assumed to be zero, to the levee crest, 
where the probability of failure is assumed to be 100 percent because of 
overtopping. 

The three example levee performance curves shown in Figure 1-3 represent 
the performance of a “poor” levee, a “good” levee, and a “generic” levee. 
The performance for the good levee shows a low probability of failure until 
higher water levels are reached and is concave upward, while the 
performance curve for the poor levee shows a high probability of failure 
even at low water surface elevations, and is concave downward (convex). 
The performance curve for the generic levee includes elements of both the 
poor and the good levees and follows a characteristic levee performance 
curve “s” shape. 

An assessment water surface elevation is also shown in Figure 1-3. The 
ULE Project has performed geotechnical evaluations for a number of water 
surface elevations (e.g., 100- and 200-year flood levels).  For the NULE 
Project, geotechnical assessments have been completed that consider likely 
levee performance at only a single design or assessment water surface 
elevation (typically the 1955/1957 water surface profile) (Kleinfelder, 2010 
and URS, 2010b).  For areas that require further study, additional NULE 
Project work may include geotechnical evaluations as for those areas as 
needed. 

Figure 1-3 also shows the probable non-failure point (PNP) and probable 
failure point (PFP), representing 15 percent and 85 percent probabilities of 
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failure, respectively. Previous studies developing levee performance curves 
for Central Valley levees (e.g., Comprehensive Study, USACE, 2002) have 
made use of these terms, but they are not used in developing the levee 
performance curves for the CVFPP.  The PFP, or 85 percent probability of 
failure, however, is used to set the levee failure elevation for use in the 
hydraulic models. 

 
Key:  
Crest = levee crest 
PFP = probable failure point 

 
PNP = probable nonfailure point 
Toe = levee toe 

Figure 1-3.  Conceptual Levee Performance Curve Examples 

1.7 Report Organization 

Organization of this document is as follows: 

 Section 1 introduces and describes the purpose of this attachment.  It 
also provides an overview of levee performance curves. 

 Section 2 provides a summary of results and findings. 

 Section 3 describes the methodology used to develop the levee 
performance curves. 

 Section 4 describes the results in more detail. 

 Section 5 contains references for the sources cited in this document. 

 Section 6 lists acronyms and abbreviations used in this document. 
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2.0 Levee Performance Curve 
Locations 

A total of 307 new levee performance curves were developed using ULE 
and NULE data and methodologies described in Section 3.  Levee 
performance curves were grouped according their location within the SPFC 
Planning Area.  The SPFC Planning Area is separated into different impact 
areas. An impact area is a unique, contiguous floodplain located along a 
stream or waterway.  Most impact areas in the SPFC Planning Area are 
protected by levees.  At least one levee performance curve was developed 
for each of the impact areas, where levees are present, in the SPFC 
Planning Area.  Many of the impact areas have more than one levee.  
Tables 2-1 and 2-2 show the number of levee performance curves 
developed for each impact area and the methodology used (ULE/NULE), 
and Figures 2-1 and 2-2 map the locations of the levee performance curves 
for the Sacramento River Basin and San Joaquin River Basin, respectively. 

Table 2-1.  Levee Performance Curve Summary for Sacramento River Basin 

Impact 
Area Name 

Number of Levee 
Performance 

Curves 
Methodology 

SAC01 Woodson Bridge East 0 N/A 

SAC02 Woodson Bridge West 0 N/A 

SAC03 Hamilton City 1 NULE1 

SAC04 Capay 1 NULE1 

SAC05 Butte Basin 10 NULE 

SAC06 Butte City 1 NULE 

SAC07 Colusa Basin North 5 NULE Anomalous2 

SAC08 Colusa 1 NULE 

SAC09 Colusa Basin South 4 NULE Anomalous2 

SAC10 Grimes 1 NULE 

SAC11 RD 1500 West 2 NULE 

SAC12 Sycamore Slough 1 NULE1 

SAC13 Knight's Landing 1 NULE1 

SAC14 Ridge Cut (North) 3 NULE 

SAC15 Ridge Cut (South) 3 NULE 

SAC16 RD 2035 6 ULE 

SAC17 East of Davis 3 ULE 
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Table 2-1 Levee Performance Curve Summary for Sacramento River 
Basin (contd.) 

Impact 
Area Name 

Number of 
Levee 

Performance 
Curves 

Methodology 

SAC18 Upper Honcut 1 NULE1 

SAC20 Gridley 1 ULE 

SAC21 Sutter Buttes East 3 NULE1 

SAC22 Live Oak 1 ULE 

SAC23 Lower Honcut 2 NULE1 

SAC24 Levee District No. 1 6 NULE 

SAC25 Yuba City 2 ULE Anomalous Hazard2 

SAC26 Marysville 3 ULE Anomalous Hazard2 

SAC27 Linda-Olivehurst 3 NULE Anomalous Hazard1,2 

SAC28 RD 384 2 ULE 

SAC29 Best Slough 8 NULE Anomalous Hazard 2 

SAC30 RD 1001 5 NULE 

SAC32 RD 70-1660 5 NULE 

SAC33 Meridian 1 NULE 

SAC34 RD 1500 East 1 NULE 

SAC35 Elkhorn 7 NULE 

SAC36 Natomas 4 NULE Anomalous Hazard2 

SAC37 Rio Linda 1 NULE1 

SAC38 West Sacramento 1 ULE 

SAC39 RD 900 1 ULE 

SAC40 Sacramento North 2 ULE 

SAC41 RD 302 1 NULE 

SAC42 RD 999 3 NULE 

SAC43 Clarksburg 1 NULE 

SAC44 Stone Lake 3 NULE Anomalous Hazard2 

SAC45 Hood 1 NULE 

SAC46 Merritt Island 2 NULE 

SAC47 RD 551 2 NULE 

SAC48 Courtland 1 NULE 

SAC49 Sutter Island 3 NULE 

SAC51 Locke 2 NULE 

SAC52 Walnut Grove 1 NULE 

SAC53 Tyler Island 1 NULE 

SAC54 Andrus Island 8 NULE Anomalous Hazard2 
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Table 2-1 Levee Performance Curve Summary for Sacramento River Basin 
(contd.) 

Impact 
Area Name 

Number of Levee 
Performance 

Curves 
Methodology 

SAC55 Ryer Island 5 NULE Anomalous Hazard2 

SAC56 Prospect Island N/A TOL 

SAC57 Twitchell Island 1 NULE 

SAC58 Sherman Island 8 NULE Anomalous Hazard2 

SAC59 Moore 6 NULE Anomalous Hazard2 

SAC60 Cache Slough 1 NULE 

SAC61 Hastings 1 NULE 

SAC62 Lindsey Slough 3 NULE 

SAC63 Sacramento South 1 ULE 
Notes: 
1  Additional evaluations were required; initial ULE/NULE Project evaluations did not evaluate/assess 
levees in this impact area. 
2  A short anomalous section within the impact area had a lower levee performance curve than 
surrounding levees. Used data that resulted in the most conservative (highest hazard) levee performance 
curve. 
Key: 
N/A = not applicable – no levee 
No. = number 
NULE = Non-Urban Levee Evaluations 
RD = Reclamation District 
TOL = top of levee 
ULE = Urban Levee Evaluations 

Table 2-2.  Levee Performance Curve Summary for San Joaquin River 
Basin 

Impact 
Area Name 

Number of Levee 
Performance 

Curves 
Methodology 

SJ01 Fresno 0 N/A 

SJ02 Fresno Slough East 3 NULE 

SJ03 Fresno Slough West 1 NULE1 

SJ04 Mendota 1 NULE1 

SJ05 Chowchilla Bypass 2 NULE 

SJ06 Lone Willow Slough 6 NULE 

SJ07 Mendota North 1 NULE 

SJ08 Firebaugh 1 NULE1 

SJ09 Salt Slough 3 NULE 

SJ10 Dos Palos Used SJ093 NULE 

SJ11 Fresno River 5 NULE 

SJ12 Berenda Slough 6 NULE 

SJ13 Ash Slough 2 NULE 

SJ14 Sandy Mush 6 NULE 
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Table 2-2.  Levee Performance Curve Summary for San Joaquin River Basin 
(contd.) 

Impact 
Area Name 

Number of Levee 
Performance 

Curves 
Methodology 

SJ15 Turner Island 3 NULE 

SJ16 Bear Creek 2 NULE 

SJ17 Deep Slough 4 NULE 

SJ18 West Bear Creek 2 NULE 

SJ19 Fremont Ford 1 NULE 

SJ20 Merced River 0 N/A 

SJ21 Merced River North 3 NULE Anomalous Hazard2 

SJ22 Orestimba 2 NULE Anomalous Hazard2 

SJ23 Tuolumne South 2 NULE 

SJ24 Tuolumne River 1 NULE 

SJ25 Modesto 0 N/A 

SJ26 3 Amigos 3 NULE 

SJ27 Stanislaus South 2 NULE 

SJ28 Stanislaus North 4 NULE 

SJ29 Banta Carbona 4 NULE 

SJ30 Paradise Cut 1 NULE 

SJ31 Stewart Tract 6 NULE Anomalous Hazard2 

SJ32 East Lathrop 1 NULE1 

SJ33 Lathrop/ Sharpe 1 NULE1 

SJ34 French Camp 1 NULE1 

SJ35 Moss Tract 1 NULE1 

SJ36 Roberts Island 5 NULE 

SJ37 Rough and Ready Island 1 ULE 

SJ38 Drexler Tract 2 NULE1 

SJ39 Union Island 1 NULE 

SJ40 Southeast Union Island 3 NULE 

SJ41 Fabian Tract 1 NULE 

SJ42 RD 1007 1 NULE1 

SJ43 Grayson 1 NULE 
Notes: 
1  Additional evaluations were required; initial ULE/NULE Project evaluations did not evaluate/assess levees in 
this impact area. 
2  A short anomalous section within the impact area had a lower levee performance curve than surrounding 
levees. Used data that resulted in the most conservative (highest hazard) levee performance curve. 
3  SJ10 is part of SJ09; therefore, SJ10 used the same levee performance curve as SJ09. 
Key: 
N/A = not applicable – no levee 
NULE = Non-Urban Levee Evaluation 
RD = Reclamation District 
ULE = Urban Levee Evaluations 
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Figure 2-1.  Levee Performance Curve Locations, Sacramento River Basin 
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Figure 2-2.  Levee Performance Curve Locations, San Joaquin River Basin 
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3.0 Methodology 
This section describes the methodology used to develop levee performance 
curves, a description of the sources of the data, and a detailed description of 
the process for developing levee performance curves for both ULE and 
NULE Project segments. 

Note that the detailed description of the process for developing levee 
performance curves is first described for NULE Project segments. This is 
because some of the data developed for the NULE levee performance 
curves were used in the ULE assessment, as additional ULE work has yet 
to be completed. 

3.1 Developing Levee Performance Curve 
Methodology Overview 

The methodology used to develop levee performance curves included 
review of the data, formulation of a levee expert panel, and a sensitivity 
analysis. 

3.1.1 Data Review 
To begin the task of developing levee performance curves, two levee 
evaluation teams, one in the north study area and one in the south study 
area, were formed.  These teams reviewed the data collected and 
conclusions drawn during preparation of the NULE Geotechnical 
Assessment Report (GAR), and the hazard maps developed to support the 
ULE study areas in the Flood Control System Status Report (FCSSR) 
(DWR, 2011) (URS, 2010a). Each team compiled and summarized key 
performance events relevant to preparation of levee performance curves, 
such as information related to historical levee failures and estimates of the 
water surface elevation during these events, using readily available records. 

Based on review and compilation of this information, a standard set of 
levee performance curves was developed for application to ULE and 
NULE levee segments. The approach used to develop levee performance 
curves generally follows a process similar to that described in USACE 
Manual Engineering Technical Letter (ETL) 1102-2-556 (USACE, 1999). 
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3.1.2 Levee Expert Panel 
A levee Expert Panel was formed to provide technical expertise, advice, 
and review (Table 3-1).  This panel met multiple times, from fall 2010 
through spring 2011, during the development of the levee performance 
curve methodology. The comments and suggestions of the levee Expert 
Panel were incorporated in the development of two separate levee 
performance curve tools (Excel workbooks), one for ULE levees and one 
for NULE levees. These tools incorporated and made use of data generated 
during earlier ULE and NULE work, and provided the user options for 
generating levee performance curves. 

Table 3-1.  Levee Expert Panel 
Name Organization 

David Ford (facilitator) David Ford Consulting Engineers 
Ray Costa Consultant to DWR 
Mike Inamine DWR 
Steve Verigen GEI 
Les Harder HDR 
Scott Anderson  Kleinfelder 
Pat Dell Neil O. Anderson and Associates 
Ram Kulkarni URS Corporation 
Michael Ramsbotham USACE 
Ed Ketchum USACE 
Key: 
DWR = California Department of Water Resources 
USACE = U.S. Army Corps of Engineers 

3.1.3 Sensitivity Analysis 
A sensitivity analysis was performed to evaluate the effect on estimated 
damage from varying parameters in the levee performance curve tool. 
Additionally, preliminary hydraulic modeling was conducted using a 
complete set of preliminary levee performance curves to evaluate (1) how 
these draft levee performance curves worked in the context of the existing 
hydraulic model, and (2) the number of levee failures predicted using the 
model and preliminary levee performance curves.  These results were used 
to assess how well the results from the models approximated general 
historical flood conditions. Refinement of the preliminary ULE and NULE 
levee performance curve tools followed the sensitivity analysis and 
preliminary hydraulic modeling. 
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3.2 Sources of Levee Performance Data 

The ULE Project has subdivided levees into reaches that are typically on 
the order of thousands of feet long. The NULE Project has assessed 
individual levee segments, which are generally two to five miles long, but 
were as long as 25 miles at some locations.  Results of the ULE and NULE 
projects are summarized in the FCSSR (DWR, 2011). 

3.2.1 Urban Levee Evaluations Project 
The ULE Project evaluated 470 miles of levees.  Based on an initial phase 
of field explorations, laboratory testing, and subsequent geotechnical 
analysis, levees in each urban study area were subdivided into reaches, 
typically 1,000 feet to 3,000 feet long. For the ULE study areas, the ULE 
teams reviewed data and analysis results from the ULE Technical Review 
Memoranda; Phase 1 Geotechnical Data Reports; Phase 1 Geotechnical 
Evaluation Reports; and where already prepared, Supplemental 
Geotechnical Data Reports. Each team compiled and summarized key 
performance events relevant to preparation of levee performance curves, 
such as information related to historical levee failures and estimates of the 
water surface elevation during these events, using readily available records. 

3.2.2 Non-Urban Levee Evaluations Project 
During the geotechnical assessment for the NULE Project, existing data 
were assessed to assign hazard categories to 1,620 mile of levees and 
results were provided in the GARs (URS, 2010b; Kleinfelder, 2010), as 
follows: 

 Low (A) – When water reaches the assessment water surface elevation, 
there is a low likelihood of either levee failure or the need to floodfight 
to prevent levee failure. 

 Moderate (B) – When water reaches the assessment water surface 
elevation, there is a moderate likelihood of either levee failure or the 
need to floodfight to prevent levee failure. 

 High (C) – When water reaches the assessment water surface elevation, 
there is a high likelihood of either levee failure or the need to floodfight 
to prevent levee failure. 

 Lacking Sufficient Data (LD) – Currently lacking sufficient data 
regarding past performance or hazard indicators. 

Floodfight refers to actions taken to prevent geotechnical levee failure, not 
actions to prevent overtopping. 
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The LD category indicates that the available data do not resolve potential 
discrepancies between the expected performance of the levee and actual 
past performance, or that existing data are contradictory or ambiguous. The 
category does not necessarily indicate that insufficient data were available 
to assess the levee segment. Where assessment data were not available, the 
levee segment was not assessed. 

The categorization was done for each of four failure modes: under-seepage, 
stability, through-seepage, and erosion. 

3.3 Levee Performance Curves for NULE Levee 
Segments 

During the geotechnical assessment for the NULE Project, existing data 
were collected and used to categorize the levees. As described above, each 
levee segment was categorized as Low (A), Moderate (B), High (C), or 
Lacking Sufficient Data (LD), and the levee was cumulatively categorized 
as a whole. The categorization was done for each of four failure modes: 
under-seepage, stability, through-seepage, and erosion. It is important to 
note that the categorization was performed for only one water level, the 
assessment water surface elevation, which, where available, was the 
1955/1957 water surface. All NULE categorizations and results are, 
therefore, for the single assessment water surface elevation. To produce 
levee performance curves for each NULE segment, levee performance 
curves were developed for each failure mode. These independent failure 
mode levee performance curves were then mathematically combined to 
produce the cumulative or overall levee performance curve for the segment 
or reach. Thus, two levees with similar failure mode categorizations and 
similar topographic profiles had very similar levee performance curves. 

Topographic information necessary for levee performance curve 
development included levee crest elevation, levee toe elevation, and 
assessment water surface elevation. Topographic data used for developing 
levee performance curves were based on two sources: levee center line 
survey data obtained from the California Levee Database (CLD), and 
project-specific light detection and ranging (LiDAR) surveys. 

Few additional data were used to generate the NULE levee performance 
curves; however, abundant data on past performance and past floodwater 
levels collected during the geotechnical assessment were used to calibrate 
and review the parameters selected in developing the levee performance 
curves. 
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To make use of the failure mode categorizations assigned in NULE to each 
segment, it was necessary to assign a probability of failure at the 
assessment water surface elevation for the Low (A), Moderate (B), and 
High (C) categories. These probability of failure values were not explicitly 
included in the NULE GAR (URS, 2010b), and part of the efforts expended 
in this task involved discussions and sensitivity analyses to constrain the 
values used for each category. Based on review of the sensitivity analysis 
and input from the levee Expert Panel, the values for each category, at the 
assessment water surface elevation, were Low (A), 0.5 percent; Moderate 
(B), 2 percent; and High (C), 16 percent. These points, which define the 
levee performance curve at the assessment water surface elevation, are 
called the “pin points.” Figure 3-1 shows an example of three schematic 
levee performance curves for each hazard category (Low (A), Moderate (B) 
and High (C) curves) for a single failure mode. The pin points are where 
each curve intersects the assessment water surface elevation and represents 
the probability of failure at the assessment water surface elevation for each 
category. It is important to note that the values used here for the pin-point 
probabilities are for the purposes of this levee performance curve effort; 
they should not be retroactively imposed on the NULE GAR. 

Thus, for NULE levee performance curves, three water surface elevations 
were used to define the levee performance curves: (1) the levee toe 
elevation, at which the probability of failure is assumed to be zero, (2) the 
levee crest elevation, at which overtopping would occur and the probability 
of failure is set to 100 percent, and (3) the pin-point at the assessment water 
surface elevation (Figure 3-1). The NULE levee performance curve Excel 
tool fitted a simple curve through these three points for each failure mode 
using the assigned probability of failure at the assessment water surface 
elevation. Below the assessment water surface elevation, the curve was 
fitted using a “concavity factor” that ranges between zero and 1, with zero 
yielding a curve of constant slope of no concavity, and 1 yielding a curve 
that is concave upward and very steep at the assessment water surface 
elevation. For this analysis, a concavity factor of 0.5 was used for all levee 
performance curves based on the results of the sensitivity analyses. The 
levee performance curves are extended above the assessment water surface 
elevation based on their slope as they approach the assessment water level. 
Low (A) and Moderate (B) curves extend at constant slope (although the 
example in Figure 3-1 shows a curving line), and High (C) curves roughly 
mirror the shape of the curve below the assessment water surface elevation. 
The same probability values are used for every Low (A), Moderate (B), or 
High (C) pin-point (e.g., all Moderate (B) levee performance curves were 
assigned a probability of failure of 2 percent at the assessment water 
surface elevation, independent of the failure mode, the size of the levee, or 
other differences in levees). For levee segments categorized LD, pin-point 
values between those of Low (A) and Moderate (B), or Moderate (B) and 
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High (C) were used, depending on the nature of the LD categorization (e.g., 
LD (Low (A) or Moderate(B)) vs. LD (Moderate(B) or High(C))). 

 
Figure 3-1.  Conceptual NULE Levee Performance Curves for Hazard 
Categories Low (A), Moderate (B), and High (C) 
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Past flood information (water surface elevation and record of performance) 
can be used to calibrate or validate levee performance curves for individual 
segments. Basin-wide compilations of past performance were used as 
guidance in constraining the chosen pin-point probability values. The four 
individual failure mode levee performance curves were mathematically 
combined using the conventional probabilistic summing expression: 

	
1 1 ∗ 1 ∗ 1

	 ∗ 1   Equation 1 

Figure 3-2 shows an example of output generated by the NULE levee 
performance curve Excel tool. Individual failure modes for this example 
levee segment were categorized as Moderate (B) for under-seepage; Low 
(A) for stability; LD (Moderate (B) or High (C)) for through-seepage; and 
High (C) for erosion in the GAR. The example levee’s landside toe is at 
elevation 13 feet, the crest is at elevation 33 feet, and the assessment water 
surface was at elevation 29 feet, or 4 feet below the levee crest. The dark 
blue line with circles shows the levee performance curve for under-
seepage, the yellow line is stability, the light blue line with squares is 
through-seepage, and the green line is erosion. The black line shows the 
combined or cumulative levee performance curve when the failure mode 
levee performance curves are summed using the expression above. Also 
shown are vertical lines depicting the assessment water surface elevation 
and water surface elevations for a number of historical high-water events. 
The magenta lines show the levee performance curves used in the 
Comprehensive Study (USACE, 2002). The solid line shows the 
Comprehensive Study curve at the levee crest elevation used in the NULE 
Program, which was estimated based on LiDAR and CLD information. The 
dashed magenta curve shows the Comprehensive Study curve tied to the 
elevation used in the Comprehensive Study. 

When levee locations were identified where elevations used in the 
Comprehensive Study hydraulic models were different from the top-of-
levee elevations used in the ULE and NULE projects, which are based on 
more recent and better constrained topographic data, the ULE and NULE 
elevations were used. 
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Note: These curves represent a levee segment with the following hazard categories from the GAR: Moderate (B) for under-
seepage, Low (A) for stability, LD (Moderate (B) or High (C)) for through-seepage, and High (C) for erosion. 
Key: 
AWSE = assessment water surface elevation 
Cum = cumulative 
Elev = elevation 
NULE = Non-Urban Levee Evaluations 
Figure 3-2.  Example NULE Levee Performance Curve 

Note that the levee performance curves for the failure modes categorized A 
(stability) and B (under-seepage) extend above the assessment water 
surface to the elevation of the levee crest at nearly a constant slope. This 
means that this example levee is not expected to fail because of either of 
these failure modes, even when the water surface reaches the levee crest. 
The failure mode levee performance curves for through-seepage and 
erosion have the more classic “s”-shaped curves, as does the combined or 
cumulative levee performance curve. This example levee performance 
curve shows that there is little probability of the levee failing at low water 
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levels, and that the cumulative probability of failure at the assessment 
water surface elevation is about 25 percent. 

3.4 Levee Performance Curves for ULE Levee 
Segments 

To support the 2012 CVFPP modeling, representative reaches and 
corresponding cross sections within individual urban study areas were 
selected for development of levee performance curves. A cumulative ULE 
levee performance curve for each of these selected cross sections was 
prepared based on the individual curves for the same four failure modes: 
assessed in the NULE program (under-seepage, stability, through-seepage, 
and erosion). 

For steady-state under-seepage and steady-state stability, historical data and 
field and laboratory geotechnical data collected in the initial phase of the 
ULE Project were used as input to calculate average vertical exit gradients 
(i) and stability factors of safety (FS) for various flood elevations for each 
respective cross-section location. 

To establish the relationships between i and probability of failure (Pf) and 
between stability FS and Pf, input from the levee Expert Panel and 
program-specific information were used to generate classic “s”-shaped 
curves (see Figure 3-3) (note that Figure 3-3 is a generic example). For this 
study, the following control points were used to develop the applicable “s” 
curves: 

 Under-seepage i=0.5, Pf =1 percent and i=0.9, Pf =50 percent 

 Stability FS=1.4, Pf =1 percent and FS=1.0, Pf =50 percent 

Using these relationships for under-seepage and stability, and correlating 
them to specific results at various river water surface elevations, levee 
performance curves for under-seepage and stability were then developed 
using the same concavity factor (0.5) used in development of the NULE 
levee performance curves. Figures 3-4 and 3-5 show examples of ULE 
levee performance curves for the under-seepage and stability failure modes. 
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Source: DWR, 2007 

Figure 3-3.  Relationship Between Vertical Exit Gradient and Probability of Failure 

To develop ULE levee performance curves for through seepage, a failure 
model was developed for landside levee slopes that are composed of 
erodible materials, typically silts and sands. If these soils are present, then a 
failure assessment based on the height of seepage “breakout” above the 
landside toe of the levee was used. The height of seepage breakout above 
the landside toe was identified from the seepage analyses, which therefore 
relates the height of seepage breakout to the water surface elevation (flood 
elevation). The levee performance curve model relates the probability of 
failure to the height of seepage breakout where erodible materials are 
present – the higher the breakout, the higher the probability of failure. 
Figure 3-6 shows the relationship used relating breakout probability of 
failure versus flood elevation. 

For the erosion failure mode, because a formal erosion analysis is not yet 
available (this work is planned for the final ULE Geotechnical Evaluation 
Reports), a more qualitative assessment was performed resulting in an 
erosion A, B, or C classification for each ULE reach for which a levee 
performance curve was developed. The erosion levee performance curve 
developed in NULE described in Section 3.3 was then used in the ULE 
assessment. 
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The final step was to mathematically combine (using Equation 1) the four 
failure modes into one cumulative levee performance curve for each 
selected cross section. Figure 3-7 provides an example cumulative ULE 
levee performance curve. 

An informal review of ULE levee performance curves was provided by 
some ULE team Task Managers who were responsible for the ULE study 
area in question where each cross section is located. 
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Key: 
55/57 = 55/57 assessment water surface elevation 
ft = feet 
i = vertical exit gradient 

Pf = probability of failure 
WSE = water surface elevation 
yr = year 

Figure 3-4.  Example ULE Under-Seepage Levee Performance Curves 
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Key: 
55/57 = 55/57 assessment water surface elevation 
FS = factor of safety 
ft = feet 

i = vertical exit gradient 
Pf = probability of failure 
WSE = water surface elevation 
yr = year 

Figure 3-5.  Example ULE Stability Levee Performance Curves 
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Key: 
55/57 = 55/57 assessment water surface elevation 
BO = breakout 
El = failure elevation 
ft = feet 

i = vertical exit gradient 
Pf = probability of failure 
WSE = water surface elevation 
yr = year 

Figure 3-6.  Example ULE Through-Seepage Levee Performance 
Curves 



 3.0 Methodology 

January 2012 3-15 
Public Draft 

 
Key: 
55/57 = 55/57 assessment water surface elevation 
ft = feet 

Pf = probability of failure 
yr = year 

Figure 3-7.  Example ULE Levee Performance Curves (with failure 
mode and combined curves) 

3.5 Anomalous Hazards 

Levee performance curves for anomalous hazards were also developed. 
Anomalous hazards were identified in the preliminary ULE analysis and 
NULE GAR as isolated locations distinct from the overall levee segment 
for which the following apply: 

 Geotechnical conditions are different from the remainder of the 
segment (reach). 

 The current scope of levee assessment approaches used in ULE and 
NULE Phase 1 do not lend themselves to further detailed analyses of 
the hazard at these sites (e.g., analyses of structures, penetrations, 
encroachments). 

 In many cases, the anomalous conditions are associated with 
observations of past poor performance. 

 Available information in the area with anomalous conditions suggests 
that the levee may be susceptible to failing in one of the four failure 
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modes assessed in NULE Phase 1 (under-seepage, instability, through-
seepage, or erosion). 

Anomalous hazards are not related to the potential for overtopping (e.g., 
low spots in a levee crown at a bridge or ramp) as overtopping is not 
included as a failure mode in ULE and NULE. 

As mentioned, additional levee performance curves were developed for 
anomalous hazard locations identified by the ULE teams and in the NULE 
GAR. Groups of anomalous hazards and suggested modifications to parent 
segment category ratings for NULE are listed in Table 3-2.  Anomalous 
conditions for ULE generally followed the methods described in Section 
3.4 above. 

In some cases, the anomalous hazard rating and parent segment category 
rating are identical. The anomalous hazard will still impact the hydraulic 
and damage models by adding an additional potential breakout location 
within the segment. 

Table 3-2.  Anomalous Hazard Groups and Suggested Modifications 
to Parent Segment Category Ratings 

Anomalous Hazard Group Suggested Modifications to Rating 
Erosion coincident with constructed 
features  Increase erosion rating to C 

Poor past performance coincident with a 
penetration (usually through-seepage) Increase through-seepage rating to C 

Large siphon Increase under-seepage rating to C 
Site of past breach that has been repaired 
and has had either (1) poor performance 
since repair, or (2) an adjacent landside 
hole (e.g., scour pool, which shortens flow 
path) 

Increase under-seepage and through-
seepage ratings to C 

Soft foundations resulting from buried 
sloughs or the like, with associated 
indicators of stability problems 

Increase stability rating to C 

Landside holes (adjacent or near to levee) 
associated with boils or other poor 
performance 

Increase under-seepage rating to C 

Permanent unrepaired breach Use new topography and assign all failure 
modes a category of C 

Significant encroachment/transition in levee 
geometry Increase impacted failure mode to C 

Documented geotechnical conditions at 
specific anomalous hazard locations Increase other failure mode ratings 

Note: 
C = When water reaches assessment water surface elevation, there is a high likelihood of either 
levee failure or the need to floodfight to prevent levee failure. 
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3.6 Capabilities of HEC-FDA 

The risk analysis capabilities provided by the USACE Hydrologic 
Engineering Center Flood Damage Assessment (HEC-FDA) program are 
used in the CVFPP, and as described in Attachment 8F: Flood Damage 
Analysis.  Because the levee performance curves are important input data 
for the HEC-FDA model, this section briefly describes the capabilities and 
uses of HEC-FDA. 

The HEC-FDA program can be used to perform an integrated hydrologic 
engineering, risk, and economic analysis during formulation and evaluation 
of flood risk management plans. 

The use of risk analysis procedures for formulating and evaluating flood 
damage reduction measures is described in USACE Engineer Manual 
1110-2-1619 (1996) and Engineer Regulation 1105-2-101 (2006). These 
documents describe how to quantify uncertainty in discharge-exceedence 
probability, stage-discharge relationships, and stage-damage functions and 
incorporate uncertainty into economic and engineering performance 
analyses. The program applies Monte Carlo simulation, a numerical 
analysis procedure that computes the expected value of damage while 
explicitly accounting for uncertainty in the basic parameters used to 
determine flood inundation damage.  One of those basic parameters is the 
levee performance curve. 

HEC-FDA assists in formulating and evaluating flood risk management 
plans using these procedures to calculate damage-stage-uncertainty 
information at damage reach index locations. Expected annual damage and 
flood risk are computed in the evaluation portion of the program. 
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4.0 Results 
This section presents the levee performance curves and describes the 
limitations in using these curves. 

4.1 Summary 

This section presents the levee performance curves developed using the 
techniques described above for use in systemwide SPFC hydraulic and 
economic damage modeling and for preparing the 2012 CVFPP.  Table 4-1 
contains levee performance curves for the Sacramento River Basin and 
Table 4-2 contains the levee performance curves for the San Joaquin River 
Basin. 

The ULE Excel tool for developing levee performance curves should only 
be used on a reach-by-reach basis. The NULE Excel tool allows the user to 
modify certain parameters and rapidly generate a new set of levee 
performance curves for all NULE segments. 
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Table 4-1.  Sacramento River Basin Levee Performance Curves 
ID SA1 SA2 SA3 SA4 SA5 SA6 
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1 1 

145.5 135.4 52.6 52.6 

AWSE 151.0 142.1 66.1 66.1 

Crest Elevation3 154.0 145.1 69.1 69.1 

Type of Project 
(ULE or NULE) NULE NULE NULE NULE 
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2 2 

145.47 0 135.38 0 52.59 0 52.59 0 

146.02 0 136.05 0 53.94 0 53.94 0 

146.57 0 136.72 0 55.29 0 55.29 0 

147.12 1 137.38 1 56.64 1 56.64 1 

147.67 1 138.05 1 57.99 1 57.99 1 

148.22 2 138.72 2 59.34 2 59.34 2 

148.77 4 139.39 4 60.69 3 60.69 3 

149.32 6 140.06 6 62.04 6 62.04 6 

149.87 10 140.72 10 63.39 9 63.39 9 

150.42 16 141.39 16 64.74 15 64.74 15 

150.97 25 142.06 25 66.09 24 66.09 24 

151.27 63 142.36 63 66.39 63 66.39 63 

151.57 81 142.66 81 66.69 80 66.69 80 

151.87 90 142.96 90 66.99 89 66.99 89 

152.17 94 143.26 94 67.29 94 67.29 94 

152.47 97 143.56 97 67.59 97 67.59 97 

152.77 98 143.86 98 67.89 98 67.89 98 

153.07 99 144.16 99 68.19 99 68.19 99 

153.37 100 144.46 100 68.49 99 68.49 99 

153.67 100 144.76 100 68.79 100 68.79 100 

153.97 100 145.06 100 69.09 100 69.09 100 

- - - - - - - - 
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Table 4-1.  Sacramento River Basin Levee Performance Curves (contd.) 
ID SA7 SA8 SA9 SA10 SA11 
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Toe Elevation3 84.6 58.6 46.6 46.6 36.6 

AWSE 97.6 67.6 57.4 57.4 48.2 

Crest Elevation3 101.6 70.6 61.4 61.4 53.7 

Type of Project 
(ULE or NULE) NULE NULE NULE NULE NULE 
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84.61 0 58.58 0 46.60 0 46.60 0 36.63 0 

85.91 0 59.48 0 47.68 0 47.68 0 37.79 0 

87.21 0 60.38 0 48.76 0 48.76 0 38.95 0 

88.51 0 61.28 0 49.84 1 49.84 1 40.11 1 

89.81 0 62.18 0 50.92 2 50.92 2 41.27 1 

91.11 0 63.08 0 52.00 3 52.00 3 42.43 2 

92.41 1 63.98 1 53.08 5 53.08 5 43.59 3 

93.71 1 64.88 1 54.16 8 54.16 8 44.75 4 

95.01 2 65.78 2 55.24 13 55.24 13 45.91 7 

96.31 3 66.68 3 56.32 20 56.32 20 47.07 12 

97.61 6 67.58 4 57.40 32 57.40 32 48.23 20 

98.01 6 67.88 5 57.80 73 57.80 73 48.78 52 

98.41 7 68.18 5 58.20 88 58.20 88 49.33 71 

98.81 8 68.48 6 58.60 94 58.60 94 49.88 83 

99.21 8 68.78 6 59.00 97 59.00 97 50.43 90 

99.61 9 69.08 7 59.40 98 59.40 98 50.98 94 

100.01 10 69.38 7 59.80 99 59.80 99 51.53 97 

100.41 10 69.68 8 60.20 100 60.20 100 52.08 98 

100.81 11 69.98 8 60.60 100 60.60 100 52.63 99 

101.21 12 70.28 9 61.00 100 61.00 100 53.18 100 

101.61 100 70.58 100 61.40 100 61.40 100 53.73 100 

- - - - - - - - - - 
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Table 4-1.  Sacramento River Basin Levee Performance Curves (contd.) 
ID SA12 SA13 SA14 SA15 SA16 
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Toe Elevation3 33.2 30.3 29.6 15.5 13.0 

AWSE 42.2 39.3 38.6 33.5 25.0 

Crest Elevation3 47.2 42.3 43.6 39.5 30.0 

Type of Project 
(ULE or NULE) NULE NULE NULE NULE NULE 
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33.16 0 30.35 0 29.56 0 15.51 0 12.97 0 

34.06 0 31.25 0 30.46 0 17.31 0 14.17 0 

34.96 0 32.15 0 31.36 0 19.11 0 15.37 0 

35.86 0 33.05 0 32.26 0 20.91 1 16.57 1 

36.76 0 33.95 0 33.16 0 22.71 1 17.77 2 

37.66 1 34.85 1 34.06 1 24.51 2 18.97 3 

38.56 1 35.75 1 34.96 1 26.31 3 20.17 5 

39.46 2 36.65 2 35.86 2 28.11 4 21.37 8 

40.36 3 37.55 3 36.76 3 29.91 7 22.57 13 

41.26 4 38.45 4 37.66 4 31.71 12 23.77 20 

42.16 7 39.35 7 38.56 7 33.51 20 24.97 32 

42.66 9 39.64 8 39.06 9 34.11 52 25.42 73 

43.16 10 39.94 9 39.56 10 34.71 71 25.87 88 

43.66 11 40.23 10 40.06 11 35.31 83 26.32 94 

44.16 13 40.52 11 40.56 13 35.91 90 26.77 97 

44.66 14 40.82 11 41.06 14 36.51 94 27.22 98 

45.16 16 41.11 12 41.56 16 37.11 96 27.67 99 

45.66 17 41.41 13 42.06 17 37.71 98 28.12 100 

46.16 19 41.70 14 42.56 19 38.31 99 28.57 100 

46.66 20 41.99 15 43.06 20 38.91 100 29.02 100 

47.16 100 42.29 100 43.56 100 39.51 100 29.47 100 

- - - - - - - - - - 
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Table 4-1.  Sacramento River Basin Levee Performance Curves (contd.) 
ID SA17  SA18 SA20  SA21  SA22  
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Crest Elevation3 37.2 0.00 88.7 88.7 88.7 

Type of Project 
(ULE or NULE) ULE NULE ULE ULE ULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

25.97 0 96.57 0 77.73 0 77.73 0 77.73 0 

26.53 0 97.00 0 78.28 17 78.28 17 78.28 17 

27.09 0 97.42 0 78.83 24 78.83 24 78.83 24 

27.65 0 97.84 1 79.38 33 79.38 33 79.38 33 

28.22 1 98.26 2 79.93 44 79.93 44 79.93 44 

28.78 1 98.68 3 80.48 57 80.48 57 80.48 57 

29.34 1 99.11 4 81.03 70 81.03 70 81.03 70 

29.90 1 99.53 7 81.58 82 81.58 82 81.58 82 

30.47 1 99.95 12 82.13 90 82.13 90 82.13 90 

31.03 1 100.37 19 82.68 95 82.68 95 82.68 95 

31.59 1 100.79 30 83.23 97 83.23 97 83.23 97 

32.15 2 101.09 74 83.78 99 83.78 99 83.78 99 

32.72 3 101.39 91 84.33 99 84.33 99 84.33 99 

33.28 4 101.69 97 84.88 100 84.88 100 84.88 100 

33.84 6 101.99 99 85.43 100 85.43 100 85.43 100 

34.40 9 102.29 100 85.98 100 85.98 100 85.98 100 

34.97 12 102.59 100 86.53 100 86.53 100 86.53 100 

35.53 16 102.89 100 87.08 100 87.08 100 87.08 100 

36.09 21 103.19 100 87.63 100 87.63 100 87.63 100 

36.65 28 103.49 100 88.18 100 88.18 100 88.18 100 

37.22 35 103.79 100 88.73 100 88.73 100 88.73 100 

37.23 100 88.74 100 88.74 100 88.74 100 

 



2012 Central Valley Flood Protection Plan 
Attachment 8E: Levee Performance Curves 

4-6 January 2012 
 Public Draft 

Table 4-1.  Sacramento River Basin Levee Performance Curves (contd.) 
ID SA23 SA24 SA25  SA26  SA27  

Name 

Lo
w

er
 H

on
cu

t 

Le
ve

e 
D

is
t. 

#1
 

Yu
ba

 C
ity

 

M
ar

ys
vi

lle
 

Li
nd

a-
O

liv
eh

ur
st

 

Toe Elevation3 68.7 49.2 63.7 65.7 67.7 

AWSE 81.7 53.7 74.0 77.7 75.2 

Crest Elevation3 85.7 56.7 84.2 89.7 82.7 

Type of Project 
(ULE or NULE) NULE NULE ULE ULE ULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

68.73 0 49.16 0 63.72 0 65.73 0 67.73 0 

70.03 0 49.61 0 64.74 0 66.93 1 68.48 0 

71.33 0 50.06 0 65.77 1 68.13 1 69.23 0 

72.63 1 50.51 0 66.79 1 69.33 2 69.98 0 

73.93 2 50.96 0 67.82 1 70.53 2 70.73 0 

75.23 3 51.41 0 68.84 3 71.73 2 71.48 0 

76.53 4 51.86 1 69.87 11 72.93 2 72.23 0 

77.83 7 52.31 1 70.89 22 74.13 2 72.98 0 

79.13 12 52.76 2 71.92 55 75.33 4 73.73 0 

80.43 19 53.21 3 72.94 77 76.53 7 74.48 0 

81.73 30 53.66 4 73.97 91 77.73 12 75.23 0 

82.13 74 53.96 5 74.99 97 78.93 21 75.98 0 

82.53 91 54.26 6 76.02 99 80.13 36 76.73 0 

82.93 97 54.56 7 77.04 100 81.33 60 77.48 1 

83.33 99 54.86 8 78.07 100 82.53 81 78.23 1 

83.73 100 55.16 10 79.09 100 83.73 92 78.98 1 

84.13 100 55.46 11 80.12 100 84.93 97 79.73 1 

84.53 100 55.76 12 81.14 100 86.13 99 80.48 2 

84.93 100 56.06 13 82.17 100 87.33 100 81.23 2 

85.33 100 56.36 14 83.19 100 88.53 100 81.98 2 

85.73 100 56.66 (100) 84.22 100 89.73 100 82.73 3 

- - - - 84.23 100 89.74 100 82.74 100 

 



 4.0 Results 

January 2012 4-7 
Public Draft 

Table 4-1.  Sacramento River Basin Levee Performance Curves (contd.) 
ID SA28  SA29 SA30 SA32 SA33 

Name 

R
D

 3
84

 

B
es

t S
lo

ug
h 

R
D

 1
00

1 

R
D

 7
0-

16
60

 

M
er

id
ia

n 

Toe Elevation3 44.7 70.3 35.7 42.6 42.6 

AWSE 54.7 77.8 55.7 57.2 57.2 

Crest Elevation3 64.7 80.8 62.7 61.8 61.8 

Type of Project 
(UULE or NULE) ULE NULE NULE NULE NULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

44.70 0 70.29 0 35.69 0 42.60 0 42.60 0 

45.70 0 71.04 0 37.69 0 44.07 0 44.07 0 

46.70 0 71.79 0 39.69 1 45.53 0 45.53 0 

47.70 0 72.54 1 41.69 1 47.00 1 47.00 1 

48.70 0 73.29 2 43.69 2 48.46 2 48.46 2 

49.70 0 74.04 3 45.69 4 49.93 3 49.93 3 

50.70 0 74.79 5 47.69 6 51.39 4 51.39 4 

51.70 1 75.54 7 49.69 11 52.86 7 52.86 7 

52.70 1 76.29 12 51.69 17 54.32 12 54.32 12 

53.70 1 77.04 20 53.69 27 55.79 19 55.79 19 

54.70 1 77.79 31 55.69 42 57.25 30 57.25 30 

55.70 1 78.09 72 56.39 86 57.71 74 57.71 74 

56.70 1 78.39 87 57.09 96 58.17 91 58.17 91 

57.70 1 78.69 94 57.79 99 58.63 97 58.63 97 

58.70 1 78.99 97 58.49 100 59.08 99 59.08 99 

59.70 1 79.29 98 59.19 100 59.54 100 59.54 100 

60.70 2 79.59 99 59.89 100 60.00 100 60.00 100 

61.70 2 79.89 99 60.59 100 60.46 100 60.46 100 

62.70 2 80.19 100 61.29 100 60.91 100 60.91 100 

63.70 3 80.49 100 61.99 100 61.37 100 61.37 100 

64.70 4 80.79 100 62.69 100 61.83 100 61.83 100 

64.71 100 - - - - - - - - 

 



2012 Central Valley Flood Protection Plan 
Attachment 8E: Levee Performance Curves 

4-8 January 2012 
 Public Draft 

Table 4-1.  Sacramento River Basin Levee Performance Curves (contd.) 
ID SA34 SA35 SA36 SA37  SA38  

Name 

R
D

 1
50

0 
Ea

st
 

El
kh

or
n 

N
at

om
as

 

R
io

 L
in

da
 

W
es

t 
Sa

cr
am

en
to

 

Toe Elevation3 18.6 8.5 23.3 19.5 24.5 

AWSE 42.8 28.0 32.9 30.4 32.5 

Crest Elevation3 48.1 31.5 38.9 41.4 40.5 

Type of Project 
(ULE or NULE) NULE NULE NULE ULE ULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

18.59 0 8.47 0 23.26 0 19.47 0 24.46 0 

21.01 0 10.42 0 24.23 0 20.56 0 25.26 0 

23.43 0 12.37 0 25.20 0 21.66 0 26.06 0 

25.85 1 14.32 1 26.16 1 22.75 0 26.86 0 

28.27 1 16.27 2 27.13 1 23.85 0 27.66 1 

30.69 2 18.22 3 28.10 2 24.94 0 28.46 1 

33.11 3 20.17 4 29.07 3 26.04 0 29.26 1 

35.53 5 22.12 7 30.04 4 27.13 0 30.06 1 

37.95 8 24.07 12 31.00 7 28.23 0 30.86 1 

40.37 13 26.02 19 31.97 12 29.32 0 31.66 2 

42.79 21 27.97 30 32.94 20 30.42 0 32.46 2 

43.32 52 28.32 74 33.54 52 31.51 0 33.26 2 

43.85 71 28.67 91 34.14 71 32.61 1 34.06 8 

44.38 83 29.02 97 34.75 83 33.70 1 34.86 11 

44.91 90 29.37 99 35.35 90 34.80 1 35.66 15 

45.44 94 29.72 100 35.95 94 35.89 1 36.46 21 

45.97 96 30.07 100 36.55 97 36.99 2 37.26 29 

46.50 98 30.42 100 37.15 98 38.08 2 38.06 41 

47.03 99 30.77 100 37.76 99 39.18 3 38.86 57 

47.56 100 31.12 100 38.36 100 40.27 3 39.66 72 

48.09 100 31.47 100 38.96 100 41.37 3 40.46 81 

- - - - - - 41.38 100 40.47 100 

 



 4.0 Results 

January 2012 4-9 
Public Draft 

Table 4-1.  Sacramento River Basin Levee Performance Curves (contd.) 
ID SA39  SA40  SA41 SA42 SA43 

Name 

R
D

 9
00

 

Sa
cr

am
en

to
 

N
or

th
 

R
D

 3
02

 

R
D

 9
99

 

C
la

rk
sb

ur
g 

Toe Elevation3 17.5 25.5 10.5 12.5 11.5 

AWSE 27.5 34.0 26.5 27.5 23.0 

Crest Elevation3 37.5 42.5 30.5 31.5 28.5 

Type of Project 
(ULE or NULE) ULE ULE NULE NULE NULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

17.46 0 25.46 0 10.50 0 12.49 0 11.53 0 

18.46 1 26.31 0 12.10 0 13.99 0 12.68 0 

19.46 1 27.16 0 13.70 0 15.49 0 13.83 0 

20.46 2 28.01 0 15.30 1 16.99 1 14.98 0 

21.46 2 28.86 0 16.90 1 18.49 1 16.13 0 

22.46 2 29.71 0 18.50 2 19.99 2 17.28 0 

23.46 3 30.56 1 20.10 4 21.49 3 18.43 1 

24.46 4 31.41 1 21.70 6 22.99 4 19.58 1 

25.46 6 32.26 1 23.30 10 24.49 7 20.73 2 

26.46 10 33.11 1 24.90 16 25.99 12 21.88 3 

27.46 18 33.96 5 26.50 25 27.49 19 23.03 5 

28.46 28 34.81 7 26.90 63 27.89 46 23.58 6 

29.46 43 35.66 10 27.30 81 28.29 60 24.13 7 

30.46 63 36.51 14 27.70 90 28.69 67 24.68 8 

31.46 82 37.36 19 28.10 94 29.09 72 25.23 9 

32.46 93 38.21 27 28.50 97 29.49 74 25.78 9 

33.46 98 39.06 39 28.90 98 29.89 76 26.33 10 

34.46 100 39.91 55 29.30 99 30.29 77 26.88 11 

35.46 100 40.76 70 29.70 99 30.69 77 27.43 12 

36.46 100 41.61 81 30.10 100 31.09 78 27.98 13 

37.46 100 42.46 88 30.50 100 31.49 100 28.53 100 

37.47 100 42.47 100 - - - - - - 



2012 Central Valley Flood Protection Plan 
Attachment 8E: Levee Performance Curves 

4-10 January 2012 
 Public Draft 

Table 4-1.  Sacramento River Basin Levee Performance Curves (contd.) 
ID SA44 SA45 SA46 SA47 SA48 

Name 

St
on

e 
La

ke
 

H
oo

d 

M
er

rit
t I

sl
an

d 

R
D

 5
51

 

C
ou

rt
la

nd
 

Toe Elevation3 15.6 15.6 10.5 5.6 5.6 

AWSE 20.5 20.6 21.1 21.6 21.6 

Crest Elevation3 26.4 26.4 23.6 25.6 25.6 

Type of Project 
(ULE or NULE) NULE NULE NULE NULE NULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

15.56 0 15.56 0 10.55 0 5.56 0 5.56 0 

16.06 0 16.06 0 11.60 0 7.16 0 7.16 0 

16.56 0 16.56 0 12.65 0 8.76 0 8.76 0 

17.06 1 17.06 1 13.70 1 10.36 1 10.36 1 

17.56 2 17.56 2 14.75 1 11.96 1 11.96 1 

18.05 3 18.05 3 15.80 2 13.56 2 13.56 2 

18.55 5 18.55 5 16.85 4 15.16 4 15.16 4 

19.05 8 19.05 8 17.90 6 16.76 6 16.76 6 

19.55 13 19.55 13 18.95 10 18.36 10 18.36 10 

20.05 20 20.05 20 20.00 16 19.96 16 19.96 16 

20.55 32 20.55 32 21.05 25 21.56 25 21.56 25 

21.13 76 21.13 76 21.30 63 21.96 63 21.96 63 

21.72 91 21.72 91 21.55 81 22.36 81 22.36 81 

22.30 97 22.30 97 21.80 90 22.76 90 22.76 90 

22.88 99 22.88 99 22.05 94 23.16 94 23.16 94 

23.46 100 23.46 100 22.30 97 23.56 97 23.56 97 

24.04 100 24.04 100 22.55 98 23.96 98 23.96 98 

24.62 100 24.62 100 22.80 99 24.36 99 24.36 99 

25.20 100 25.20 100 23.05 99 24.76 99 24.76 99 

25.79 100 25.79 100 23.30 100 25.16 100 25.16 100 

26.37 100 26.37 100 23.55 100 25.56 100 25.56 100 

- - - - - - - - - - 



 4.0 Results 

January 2012 4-11 
Public Draft 

Table 4-1.  Sacramento River Basin Levee Performance Curves (contd.) 
ID SA49 SA50 SA51 SA52 SA53 

Name 

Su
tte

r I
sl

an
d 

G
ra

nd
 Is

la
nd

 

Lo
ck

e 

W
al

nu
t G

ro
ve

 

Ty
le

r I
sl

an
d 

Toe Elevation3 4.6 -0.4 7.6 9.6 -2.4 

AWSE 16.1 12.4 15.0 14.5 9.6 

Crest Elevation3 22.6 17.8 20.1 22.6 11.6 

Type of Project 
(ULE or NULE) NULE NULE NULE NULE NULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

4.58 0 -0.42 0 7.61 0 9.61 0 -2.38 0 

5.73 0 0.87 0 8.35 0 10.10 0 -1.18 0 

6.88 0 2.15 1 9.09 0 10.59 0 0.02 0 

8.03 1 3.44 1 9.83 0 11.08 0 1.22 1 

9.18 2 4.73 2 10.57 0 11.57 0 2.42 2 

10.33 3 6.01 3 11.31 0 12.06 0 3.62 3 

11.48 5 7.30 6 12.05 0 12.55 0 4.82 5 

12.63 8 8.59 9 12.79 0 13.04 0 6.02 8 

13.78 13 9.87 15 13.53 1 13.53 1 7.22 13 

14.93 20 11.16 24 14.27 1 14.02 1 8.42 20 

16.08 32 12.45 37 15.01 2 14.51 2 9.62 32 

16.73 73 12.98 81 15.52 3 15.32 3 9.82 75 

17.38 88 13.52 94 16.03 3 16.13 5 10.02 91 

18.03 94 14.06 98 16.54 4 16.94 6 10.22 97 

18.68 97 14.60 99 17.05 4 17.75 7 10.42 99 

19.33 98 15.13 100 17.56 5 18.56 8 10.62 100 

19.98 99 15.67 100 18.07 5 19.37 9 10.82 100 

20.63 100 16.21 100 18.58 6 20.18 11 11.02 100 

21.28 100 16.75 100 19.09 6 20.99 12 11.22 100 

21.93 100 17.28 100 19.60 7 21.80 13 11.42 100 

22.58 100 17.82 100 20.11 100 22.61 100 11.62 100 

- - - - - - - - - - 



2012 Central Valley Flood Protection Plan 
Attachment 8E: Levee Performance Curves 

4-12 January 2012 
 Public Draft 

Table 4-1.  Sacramento River Basin Levee Performance Curves (contd.) 
ID SA54 SA55 SA56 SA57 SA58 

Name 

A
nd

ru
s 

Is
la

nd
 

R
ye

r I
sl

an
d 

Pr
os

pe
ct

 Is
la

nd
 

Tw
itc

he
ll 

Is
la

nd
 

Sh
er

m
an

 Is
la

nd
 

Toe Elevation3 -2.4 -1.4 0.00 -1.4 -12.4 

AWSE 11.6 11.8 0.00 9.1 8.6 

Crest Elevation3 13.6 20.8 0.00 13.6 10.6 

Type of Project 
(ULE or NULE) NULE NULE NULE NULE NULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

-2.39 0 -1.42 0 -1.40 0 -12.43 0 

-0.99 0 -0.10 0 -0.35 0 -10.33 0 

0.41 0 1.22 0 0.70 0 -8.23 0 

1.81 0 2.55 1 1.75 0 -6.13 1 

3.21 0 3.87 2 2.80 0 -4.03 2 

4.61 1 5.20 3 3.85 1 -1.93 3 

6.01 1 6.52 5 4.90 1 0.17 5 

7.41 2 7.84 8 5.95 2 2.27 8 

8.81 3 9.17 13 7.00 3 4.37 13 

10.21 4 10.49 20 8.05 5 6.47 20 

11.61 7 11.82 32 9.10 8 8.57 32 

11.81 7 12.72 75 9.55 9 8.77 75 

12.01 8 13.62 91 10.00 10 8.97 91 

12.21 8 14.52 97 10.45 12 9.17 97 

12.41 9 15.42 99 10.90 13 9.37 99 

12.61 9 16.33 100 11.35 14 9.57 100 

12.81 9 17.23 100 11.80 15 9.77 100 

13.01 10 18.13 100 12.25 16 9.97 100 

13.21 10 19.03 100 12.70 18 10.17 100 

13.41 10 19.94 100 13.15 19 10.37 100 

13.61 100 20.84 100 100 13.60 100 10.57 100 

- - - - - - - - 



 4.0 Results 

January 2012 4-13 
Public Draft 

Table 4-1.  Sacramento River Basin Levee Performance Curves (contd.) 
ID SA59 SA60 SA61 SA62 SA63  

Name 

M
oo

re
 

C
ac

he
 

Sl
ou

gh
 

H
as

tin
gs

 

Li
nd

se
y 

Sl
ou

gh
 

Sa
cr

am
en

to
 

So
ut

h 

Toe Elevation3 2.0 2.5 1.5 3.5 27.5 

AWSE 15.5 15.5 14.3 14.3 33.3 

Crest Elevation3 19.5 18.0 16.7 18.5 39.1 

Type of Project 
(ULE or NULE) NULE NULE NULE NULE ULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

2.04 0 2.52 0 1.53 0 3.53 0 27.46 0 

3.39 0 3.82 0 2.81 0 4.60 0 28.04 0 

4.74 0 5.12 0 4.09 0 5.68 1 28.62 0 

6.09 1 6.42 0 5.36 1 6.75 1 29.20 0 

7.44 1 7.72 0 6.64 1 7.83 2 29.78 1 

8.79 2 9.02 0 7.92 2 8.90 4 30.36 1 

10.14 4 10.32 0 9.19 3 9.98 6 30.94 1 

11.49 6 11.62 1 10.47 5 11.06 11 31.52 1 

12.84 10 12.92 1 11.75 8 12.13 17 32.10 2 

14.19 16 14.22 2 13.02 13 13.21 27 32.68 2 

15.54 25 15.52 3 14.30 21 14.28 42 33.26 3 

15.94 63 15.77 3 14.54 52 14.71 86 33.84 4 

16.34 81 16.02 3 14.79 71 15.13 96 34.42 5 

16.74 90 16.27 3 15.03 83 15.55 99 35.00 6 

17.14 94 16.52 4 15.27 90 15.97 100 35.58 7 

17.54 97 16.77 4 15.52 94 16.40 100 36.16 8 

17.94 98 17.02 4 15.76 96 16.82 100 36.74 8 

18.34 99 17.27 4 16.00 98 17.24 100 37.32 9 

18.74 99 17.52 4 16.25 99 17.66 100 37.90 10 

19.14 100 17.77 5 16.49 100 18.09 100 38.48 12 

19.54 100 18.02 100 16.73 100 18.51 100 39.06 13 

- - - - - - - - 39.07 100 
Notes: 
1  No State-federal project levees found within the impact area 
2  Assume overbank flow 
3  Elevations in feet, NGVD29 
Key: 
- = not applicable 
AWSE = Assessment Water Surface Elevation 
NGVD29 = National Geodetic vertical Datum of 1929 

 
NULE = Non-Urban Levee Evaluations 
RD = Reclamation District 
ULE = Urban Levee Evaluations 



2012 Central Valley Flood Protection Plan 
Attachment 8E: Levee Performance Curves 

4-14 January 2012 
 Public Draft 

Table 4-2.  San Joaquin River Basin Levee Performance Curves 
ID SJ1 SJ2 SJ3 SJ4 SJ5 

Name 

Fr
es

no
 

Fr
es

no
 S

lo
ug

h 
Ea

st
 

Fr
es

no
 S

lo
ug

h 
W

es
t 

M
en

do
ta

 

C
ho

w
ch

ill
a 

 
B

yp
as

s 

Toe Elevation3 

1 

159.6 150.9 151.6 157.8 
AWSE 163.8 155.9 153.6 166.8 

Crest Elevation3 166.8 158.9 156.6 170.8 

Type of Project 
(ULE or NULE) NULE NULE NULE NULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

2 

159.59 0 150.90 0 151.61 0 157.82 0 
160.01 0 151.40 0 151.81 0 158.72 0 
160.43 0 151.90 0 152.01 0 159.62 0 
160.85 1 152.40 0 152.21 0 160.52 1 
161.27 2 152.90 1 152.41 0 161.42 2 
161.69 3 153.40 1 152.61 0 162.32 3 
162.11 5 153.90 3 152.81 0 163.22 4 
162.53 7 154.40 4 153.01 0 164.12 7 
162.95 12 154.90 7 153.21 1 165.02 12 
163.37 20 155.40 11 153.41 1 165.92 19 
163.79 31 155.90 18 153.61 2 166.82 30 
164.09 75 156.20 46 153.91 3 167.22 74 
164.39 91 156.50 60 154.21 4 167.62 91 
164.69 97 156.80 67 154.51 5 168.02 97 
164.99 99 157.10 72 154.81 7 168.42 99 
165.29 100 157.40 74 155.11 8 168.82 100 
165.59 100 157.70 76 155.41 9 169.22 100 
165.89 100 158.00 77 155.71 10 169.62 100 
166.19 100 158.30 78 156.01 11 170.02 100 
166.49 100 158.60 79 156.31 12 170.42 100 

166.79 100 158.90 100 156.61 100 170.82 100 
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Table 4-2.  San Joaquin River Basin Levee Performance Curves (contd.) 
ID SJ6 SJ7 SJ8 SJ9 SJ10 

Name 

Lo
ne

 W
ill

ow
  

Sl
ou

gh
 

M
en

do
ta

  
N

or
th

 

Fi
re

ba
ug

h 

Sa
lt 

Sl
ou

gh
 

D
os

 P
al

os
 

Toe Elevation3 152.2 

1 

141.2 114.8 114.8 
AWSE 157.4 143.1 117.5 117.5 

Crest Elevation3 160.4 146.1 120.5 120.5 

Type of Project 
(ULE or NULE) NULE NULE NULE NULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

152.22 0 

2 

141.17 0 114.83 0 114.83 0 
152.74 0 141.37 0 115.10 0 115.10 0 
153.26 0 141.56 0 115.37 0 115.37 0 
153.78 0 141.76 0 115.64 0 115.64 0 
154.30 1 141.95 0 115.91 0 115.91 0 
154.82 1 142.14 0 116.18 0 116.18 0 
155.34 2 142.34 0 116.45 0 116.45 0 
155.86 3 142.53 1 116.72 1 116.72 1 
156.38 4 142.73 1 116.99 1 116.99 1 
156.90 7 142.92 2 117.26 2 117.26 2 
157.42 12 143.11 3 117.53 3 117.53 3 
157.72 28 143.41 4 117.83 4 117.83 4 
158.02 39 143.71 6 118.13 5 118.13 5 
158.32 45 144.01 8 118.43 6 118.43 6 
158.62 49 144.31 9 118.73 7 118.73 7 
158.92 52 144.61 11 119.03 9 119.03 9 
159.22 54 144.91 12 119.33 10 119.33 10 
159.52 55 145.21 14 119.63 11 119.63 11 
159.82 56 145.51 15 119.93 12 119.93 12 
160.12 57 145.81 17 120.23 13 120.23 13 

160.42 100 146.11 100 120.53 100 120.53 100 
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Table 4-2.  San Joaquin River Basin Levee Performance Curves (contd.) 
ID SJ11 SJ12 SJ13 SJ14 SJ15 

Name 

Fr
es

no
 R

iv
er

 

B
er

en
da

  
Sl

ou
gh

 

A
sh

 S
lo

ug
h 

Sa
nd

y 
M

us
h 

Tu
rn

er
 Is

la
nd

 

Toe Elevation3 184.1 148.2 139.1 98.6 96.5 
AWSE 189.2 150.9 142.6 105.8 105.7 

Crest Elevation3 192.2 153.9 145.6 109.8 109.7 

Type of Project 
(ULE or NULE) NULE NULE NULE NULE NULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

184.14 0 148.17 0 139.06 0 98.61 0 96.49 0 
184.65 0 148.44 0 139.41 0 99.33 0 97.41 0 
185.16 0 148.71 0 139.76 0 100.05 0 98.33 0 
185.67 0 148.98 0 140.11 0 100.77 1 99.25 1 
186.18 1 149.25 0 140.46 0 101.49 2 100.17 2 
186.69 1 149.52 0 140.81 0 102.21 3 101.09 3 
187.20 3 149.79 0 141.16 1 102.93 4 102.01 4 
187.71 4 150.06 0 141.51 1 103.65 7 102.93 7 
188.22 7 150.33 1 141.86 2 104.37 12 103.85 12 
188.73 11 150.60 1 142.21 3 105.09 19 104.77 19 
189.24 19 150.87 2 142.56 5 105.81 30 105.69 30 
189.54 51 151.17 3 142.86 7 106.21 74 106.09 74 
189.84 71 151.47 4 143.16 8 106.61 91 106.49 91 
190.14 82 151.77 5 143.46 10 107.01 97 106.89 97 
190.44 89 152.07 5 143.76 11 107.41 99 107.29 99 
190.74 94 152.37 6 144.06 13 107.81 100 107.69 100 
191.04 96 152.67 7 144.36 14 108.21 100 108.09 100 
191.34 98 152.97 8 144.66 16 108.61 100 108.49 100 
191.64 99 153.27 9 144.96 17 109.01 100 108.89 100 
191.94 100 153.57 10 145.26 19 109.41 100 109.29 100 

192.24 100 153.87 100 145.56 100 109.81 100 109.69 100 
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Table 4-2.  San Joaquin River Basin Levee Performance Curves (contd.) 
ID SJ16 SJ17 SJ18 SJ19 SJ20 

Name 

B
ea

r C
re

ek
 

D
ee

p 
Sl

ou
gh

 

W
es

t B
ea

r  
C

re
ek

 

Fr
em

on
t F

or
d 

M
er

ce
d 

R
iv

er
 

Toe Elevation3 84.4 84.2 81.3 64.0 

1 
AWSE 89.1 89.9 85.8 70.9 

Crest Elevation3 92.1 92.9 88.8 73.5 

Type of Project 
(ULE or NULE) NULE NULE NULE NULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

84.39 0 84.20 0 81.27 0 63.97 0 

2 

84.86 0 84.77 0 81.72 0 64.66 0 
85.33 0 85.34 0 82.17 0 65.35 0 
85.80 0 85.91 0 82.62 0 66.04 0 
86.27 0 86.48 1 83.07 1 66.73 0 
86.74 0 87.05 1 83.52 1 67.42 0 
87.21 0 87.62 3 83.97 3 68.11 1 
87.68 1 88.19 4 84.42 4 68.80 1 
88.15 1 88.76 7 84.87 7 69.49 2 
88.62 2 89.33 11 85.32 11 70.18 3 
89.09 3 89.90 19 85.77 19 70.87 4 
89.39 4 90.20 51 86.07 51 71.13 5 
89.69 5 90.50 71 86.37 71 71.39 5 
89.99 6 90.80 82 86.67 82 71.65 6 
90.29 7 91.10 89 86.97 90 71.91 7 
90.59 8 91.40 94 87.27 94 72.17 7 
90.89 9 91.70 96 87.57 96 72.43 8 
91.19 9 92.00 98 87.87 98 72.69 8 
91.49 10 92.30 99 88.17 99 72.95 9 
91.79 11 92.60 100 88.47 100 73.21 10 

92.09 100 92.90 100 88.77 100 73.47 100 
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Table 4-2.  San Joaquin River Basin Levee Performance Curves (contd.) 
ID SJ21 SJ22 SJ23 SJ24 SJ25 

Name 

M
er

ce
d 

R
iv

er
 

N
or

th
 

O
re

st
im

ba
 

Tu
ol

um
ne

  
So

ut
h 

Tu
ol

um
ne

  
R

iv
er

 

M
od

es
to

 

Toe Elevation3 42.0 48.6 33.0 40.1 

1 
AWSE 52.6 57.0 38.6 47.0 

Crest Elevation3 54.9 57.0 38.6 50.4 

Type of Project 
(ULE or NULE) NULE NULE NULE NULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

41.98 0 48.59 0 33.01 0 40.09 0 

2 

43.04 0 49.43 0 33.57 0 40.79 0 
44.10 0 50.27 0 34.13 0 41.48 1 
45.16 1 51.11 1 34.69 1 42.17 1 
46.22 2 51.95 2 35.25 2 42.86 2 
47.28 3 52.79 3 35.81 3 43.56 4 
48.34 4 53.63 4 36.37 4 44.25 6 
49.40 7 54.47 7 36.93 7 44.94 10 
50.46 12 55.31 12 37.49 12 45.64 17 
51.52 19 56.15 19 38.05 19 46.33 27 
52.58 30 56.99 30 38.61 31 47.02 41 
52.81 74 57.29 74 38.61 75 47.36 87 
53.04 91 57.59 91 38.61 91 47.70 97 
53.27 97 57.89 97 38.61 97 48.05 99 
53.50 99 58.19 99 38.61 99 48.39 100 
53.73 100 58.49 100 38.61 100 48.73 100 
53.96 100 58.79 100 38.61 100 49.07 100 
54.19 100 59.09 100 38.61 100 49.41 100 
54.42 100 59.39 100 38.61 100 49.75 100 
54.65 100 59.69 100 38.61 100 50.09 100 

54.88 100 59.99 100 38.61 100 50.43 100 
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Table 4-2.  San Joaquin River Basin Levee Performance Curves (contd.) 
ID SJ26 SJ27 SJ28 SJ29 SJ30 

Name 

3 
A

m
ig

os
 

St
an

is
la

us
  

So
ut

h 

St
an

is
la

us
  

N
or

th
 

B
an

ta
  

C
ar

bo
na

 

Pa
ra

di
se

 C
ut

 

Toe Elevation3 28.4 23.5 27.9 19.5 0.6 
AWSE 38.7 36.6 35.5 28.4 14.7 

Crest Elevation3 41.7 40.0 38.5 32.1 22.4 

Type of Project 
(ULE or NULE) NULE NULE NULE NULE NULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

28.41 0 23.52 0 27.93 0 19.49 0 0.58 0 
29.44 0 24.83 0 28.69 0 20.39 0 1.99 0 
30.47 0 26.14 1 29.45 1 21.28 0 3.40 1 
31.50 1 27.45 1 30.21 1 22.17 1 4.81 1 
32.53 2 28.76 2 30.97 2 23.07 2 6.22 2 
33.56 3 30.07 4 31.73 4 23.96 3 7.63 4 
34.59 5 31.38 6 32.49 6 24.86 5 9.04 6 
35.62 7 32.69 10 33.25 10 25.75 7 10.45 10 
36.65 12 34.00 17 34.01 17 26.64 12 11.86 17 
37.68 20 35.31 27 34.77 27 27.54 20 13.27 27 
38.71 31 36.62 41 35.53 41 28.43 31 14.68 41 
39.01 75 36.96 87 35.83 87 28.79 75 15.45 87 
39.31 91 37.30 97 36.13 97 29.16 91 16.22 97 
39.61 97 37.64 99 36.43 99 29.52 97 16.99 99 
39.91 99 37.98 100 36.73 100 29.88 99 17.76 100 
40.21 100 38.32 100 37.03 100 30.25 100 18.53 100 
40.51 100 38.66 100 37.33 100 30.61 100 19.30 100 
40.81 100 39.00 100 37.63 100 30.97 100 20.07 100 
41.11 100 39.34 100 37.93 100 31.34 100 20.84 100 
41.41 100 39.68 100 38.23 100 31.70 100 21.61 100 

41.71 100 40.02 100 38.53 100 32.06 100 22.38 100 
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Table 4-2.  San Joaquin River Basin Levee Performance Curves (contd.) 
ID SJ31 SJ32 SJ33 SJ34 SJ35 

Name 

St
ew

ar
t T

ra
ct

 

Ea
st

 L
at

hr
op

 

La
th

ro
p/

  
Sh

ar
pe

 

Fr
en

ch
 C

am
p 

M
os

s 
Tr

ac
t 

Toe Elevation3 13.7 16.6 12.7 10.7 4.4 
AWSE 23.4 22.8 18.2 17.0 11.7 

Crest Elevation3 28.8 30.9 29.0 26.0 19.4 

Type of Project 
(ULE or NULE) NULE NULE NULE NULE NULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

13.75 0 16.65 0 12.67 0 10.69 0 4.41 0 
14.72 0 17.27 0 13.22 0 11.32 0 5.14 0 
15.69 0 17.89 0 13.77 0 11.95 0 5.87 0 
16.66 1 18.51 0 14.32 0 12.58 0 6.60 0 
17.63 2 19.13 0 14.87 0 13.21 0 7.33 1 
18.60 3 19.75 0 15.42 0 13.84 0 8.06 1 
19.57 5 20.37 1 15.97 1 14.47 1 8.79 3 
20.54 7 20.99 1 16.52 1 15.10 1 9.52 4 
21.51 12 21.61 2 17.07 2 15.73 2 10.25 7 
22.48 20 22.23 3 17.62 3 16.36 3 10.98 11 
23.45 31 22.85 5 18.17 5 16.99 5 11.71 19 
23.99 75 23.66 7 19.25 9 17.89 8 12.48 51 
24.53 91 24.47 10 20.33 12 18.79 10 13.25 71 
25.07 97 25.28 12 21.41 16 19.69 13 14.02 83 
25.61 99 26.09 15 22.49 19 20.59 15 14.79 90 
26.15 100 26.90 17 23.57 22 21.49 18 15.56 94 
26.69 100 27.71 19 24.65 26 22.39 20 16.33 97 
27.23 100 28.52 21 25.73 29 23.29 23 17.10 98 
27.77 100 29.33 24 26.81 32 24.19 25 17.87 99 
28.31 100 30.14 26 27.89 35 25.09 27 18.64 100 

28.85 100 30.95 100 28.97 100 25.99 100 19.41 100 
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Table 4-2.  San Joaquin River Basin Levee Performance Curves (contd.) 
ID SJ36 SJ37 SJ38 SJ39 SJ40 

Name 

R
ob

er
ts

  
Is

la
nd

 

R
ou

gh
 a

nd
 

R
ea

dy
  

Is
la

nd
 

D
re

xl
er

 T
ra

ct
 

U
ni

on
 Is

la
nd

 

SE
 U

ni
on

  
Is

la
nd

 

Toe Elevation3 4.6 2.7 -2.8 8.6 5.3 

AWSE 17.0 8.6 7.7 13.5 13.4 

Crest Elevation3 26.1 13.9 8.4 23.4 19.3 

Type of Project 
(ULE or NULE) NULE NULE NULE NULE NULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

4.58 0 2.75 0 -2.85 0 8.61 0 5.28 0 
5.82 0 3.34 0 -1.80 0 9.10 0 6.09 0 
7.06 0 3.93 0 -0.74 0 9.59 0 6.90 1 
8.30 1 4.52 0 0.31 0 10.08 1 7.71 1 
9.54 1 5.11 0 1.37 1 10.57 2 8.52 2 
10.78 2 5.70 0 2.43 1 11.06 3 9.33 4 
12.02 3 6.29 0 3.48 2 11.55 5 10.14 6 
13.26 4 6.88 0 4.54 3 12.04 7 10.95 10 
14.50 7 7.47 1 5.59 5 12.53 12 11.76 17 
15.74 12 8.06 1 6.65 8 13.02 20 12.57 27 
16.98 20 8.65 2 7.71 13 13.51 31 13.38 41 
17.89 52 9.18 3 7.78 29 14.50 75 13.97 87 
18.80 71 9.71 3 7.85 39 15.49 91 14.56 97 
19.71 83 10.24 4 7.92 45 16.48 97 15.15 99 
20.62 90 10.77 5 7.99 48 17.47 99 15.74 100 
21.53 94 11.30 5 8.06 50 18.46 100 16.33 100 
22.44 97 11.83 6 8.13 52 19.45 100 16.92 100 
23.35 98 12.36 7 8.20 53 20.44 100 17.51 100 
24.26 99 12.89 7 8.27 53 21.43 100 18.10 100 
25.17 100 13.42 8 8.34 54 22.42 100 18.69 100 

26.08 100 13.95 100 8.41 100 23.41 100 19.28 100 
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Table 4-2.  San Joaquin River Basin Levee Performance Curves 
(contd.) 

ID SJ41 SJ42 SJ43 

Name 

Fa
bi

an
 T

ra
ct

 

R
D

 1
00

7 

G
ra

ys
on

 

Toe Elevation3 5.5 6.3 31.6 
AWSE 10.4 10.4 42.4 

Crest Elevation3 21.3 19.3 46.2 

Type of Project 
(ULE or NULE) NULE NULE NULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

5.49 0 6.27 0 31.60 0 
5.98 0 6.68 0 32.68 0 
6.47 0 7.09 0 33.76 0 
6.95 0 7.50 0 34.84 0 
7.44 0 7.91 0 35.92 0 
7.93 0 8.32 0 37.00 1 
8.42 1 8.73 0 38.08 1 
8.91 1 9.14 1 39.16 1 
9.40 2 9.55 1 40.24 2 
9.89 3 9.96 2 41.32 4 
10.38 4 10.37 3 42.40 6 
11.47 8 11.26 6 42.78 7 
12.57 11 12.15 9 43.16 8 
13.67 15 13.04 12 43.54 9 
14.76 18 13.93 15 43.92 10 
15.86 21 14.82 17 44.30 11 
16.95 24 15.71 20 44.68 11 
18.05 28 16.60 22 45.06 12 
19.15 31 17.49 25 45.44 13 
20.24 33 18.38 27 45.82 14 

21.34 100 19.27 100 46.20 100 
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Table 4-2.  San Joaquin River Basin Levee Performance Curves 
(contd.) 

ID STK6 STK7 STK8 

Name 
St

oc
kt

on
 

D
iv

er
tin

g 
C

an
al

 

C
al

av
er

as
 

R
iv

er
 N

or
th

 

B
ea

r C
re

ek
 

So
ut

h 

Toe Elevation3 31.2 8.6 19.8 
AWSE 33.8 9.9 25.7 

Crest Elevation3 36.8 17.6 30.0 

Type of Project 
(ULE or NULE) NULE ULE ULE 

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n 

(N
G

VD
29

) (
fe

et
) 

A
ss

oc
ia

te
d 

Pr
ob

ab
ili

ty
 o

f F
ai

lu
re

 (b
re

ac
h)

 (p
er

ce
nt

) 

31.16 0 8.58 0 19.85 0 
31.42 0 9.03 1 20.36 0 
31.68 0 9.48 1 20.87 0 
31.94 0 9.93 1 21.38 0 
32.20 0 10.38 1 21.89 1 
32.46 0 10.83 1 22.40 1 
32.72 0 11.28 2 22.91 1 
32.98 0 11.73 2 23.42 1 
33.24 1 12.18 2 23.93 1 
33.50 1 12.63 2 24.44 1 
33.76 2 13.08 14 24.95 4 
34.06 3 13.53 17 25.46 8 
34.36 4 13.98 21 25.97 13 
34.66 5 14.43 26 26.48 19 
34.96 6 14.88 32 26.99 26 
35.26 6 15.33 40 27.50 35 
35.56 7 15.78 49 28.01 46 
35.86 8 16.23 59 28.52 58 
36.16 9 16.68 68 29.03 67 
36.46 10 17.13 76 29.54 75 
36.76 100 17.58 81 30.05 81 

  17.59 100 30.06 100 
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Table 4-2.  San Joaquin River Basin Levee Performance Curves 
(contd.) 

ID STK9 STK10 

Name 

B
e
a
r 

C
re

e
k
 

N
o

rt
h

 

C
e
n

tr
a
l 

S
to

c
k
to

n
 

Toe Elevation
3
 16.4 2.1 

AWSE 19.8 9.6 

Crest Elevation
3
 24.0 15.6 

Type of Project 
(ULE or NULE) 

ULE ULE 

W
a
te

r 
S

u
rf

a
c
e
 E

le
v
a
ti

o
n

 (
N

G
V

D
2
9
) 

(f
e
e
t)

 

A
s
s
o

c
ia

te
d

 P
ro

b
a
b

il
it

y
 o

f 
F

a
il
u

re
 (

b
re

a
c
h

) 
(p

e
rc

e
n

t)
 

16.39 0 2.08 0 

16.77 0 2.75 1 

17.15 0 3.43 1 

17.53 0 4.10 2 

17.91 0 4.78 2 

18.29 1 5.45 2 

18.67 1 6.13 3 

19.05 1 6.80 4 

19.43 1 7.48 5 

19.81 1 8.15 6 

20.19 1 8.83 8 

20.57 2 9.50 11 

20.95 2 10.18 15 

21.33 2 10.85 22 

21.71 2 11.53 30 

22.09 4 12.20 41 

22.47 6 12.88 55 

22.85 8 13.55 69 

23.23 11 14.23 78 

23.61 14 14.90 85 

23.99 18 15.58 90 

24.00 100 15.59 100 

Notes: 
1
  No State-federal project levees found within the impact area 

2
  Assume overbank flow 

3
  Elevations in feet, NGVD29 

Key: 
- = not applicable 
AWSE = Assessment Water Surface Elevation 
NGVD29 = National Geodetic vertical Datum of 1929 
NULE = Non-Urban Levee Evaluations 
RD = Reclamation District 
ULE = Urban Levee Evaluations  
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4.2 Limitations 

This assessment has been performed in accordance with the standard of 
care commonly used as the state-of-practice in the civil engineering 
profession. Standard of care is defined as the ordinary diligence exercised 
by fellow practitioners in this geographic area performing the same 
services under similar circumstances during the same time period. The 
levee performance curves are intended to be used in current hydraulic and 
economic damage modeling being performed by DWR for the CVFPP; 
these curves should not be taken out of this context in forecasting local 
levee performance issues. 

The current version of the NULE levee performance curve Excel tool has 
produced curves for more than 200 NULE levee segments using cross-
section-specific geometry, GAR categories, and a few curve-fitting 
parameters. Because geometries of levees vary widely, some curves may 
look distorted when compared to the expected curve shapes presented in 
Figure 3-1. This distortion is present to greater or lesser degrees for levees 
with only one or two high (C) or lacking sufficient data (LD) ratings and is 
further exacerbated for levees that are either very short (particularly if they 
have more than 3 feet of freeboard) or very tall (particularly if they have 
less than 3 feet of freeboard).  The tool provides a set of curves with 
consistent properties relative to each other that are appropriate for the 
intended use in systemwide models and that are sufficient for initial 
hydraulic and damage modeling. The impact of these distortions (if any) 
can be addressed once results of initial damage model runs become 
available. 

As mentioned above, levee performance curves presented in this 
attachment are intended for use with systemwide hydraulic and economic 
damage modeling performed for the CVFPP. Actual hydraulic and 
economic damage modeling results depend on a number of factors beyond 
the geotechnical levee performance curves (such as hydrologic and 
hydraulic uncertainty), and although the levee performance curves may 
seem reasonable, they may, when combined with other factors and used in 
the modeling, produce unexpected results; therefore, care must be taken in 
their use. 

In the methodology described in Section 3, individual failure mode levee 
performance curves were combined to yield a cumulative or combined 
levee performance curve. This approach assumed that the failure modes are 
independent, and that the different failure processes operate independently. 
This assumption is likely not true in all cases and has been offset to some 
extent by reducing the probability of failure for individual failure modes. 



2012 Central Valley Flood Protection Plan 
Attachment 8E: Levee Performance Curves 

4-26 January 2012 
 Public Draft 

In developing NULE levee performance curves, for simplicity, the 
geometry and location of the under-seepage cross section that was assessed 
in the GARs (URS, 2010a; Kleinfelder, 2010) was used for each curve. For 
some NULE segments, the GARs used different cross sections for different 
failure modes. In developing levee performance curves, geometry and 
location from the GAR under-seepage cross section was used as input for 
hydraulic and flood damage models. 

As noted previously, levee crest elevations used in the Comprehensive 
Study (USACE, 2002) are sometimes different from those identified in the 
ULE and NULE projects. The ULE and NULE projects relied on recent 
LiDAR and CLD topographic data to estimate topographic parameters. The 
Comprehensive Study relied on older, since superseded, topographic 
information and, in most instances, the ULE and NULE levee crest 
elevations were used. 

In developing NULE levee performance curves, results from the draft 
North and South GARs (URS, 2010b; Kleinfelder, 2010) were used 
without modification. There are ongoing efforts to finalize these GARs, 
and some of the data used in development of the levee performance curves 
may change. Similarly, ULE data that were current through the FCSSR, 
and some data used to develop the levee performance curves, may change 
as the ULE Project proceeds. 

DWR makes no warranty that actual encountered site and subsurface 
conditions will exactly conform to the conditions described herein, nor that 
the interpretations and recommendations in this attachment will be 
sufficient for construction-planning aspects of any future work to 
reconstruct or remediate levees. The design engineer or contractor should 
perform a sufficient number of independent explorations and tests that the 
engineer or contractor believes are necessary to verify subsurface 
conditions rather than relying solely on the information presented in this 
attachment or other referenced documentation. 

DWR does not attest to the accuracy, completeness, or reliability of maps, 
data sources, and geotechnical borings and other subsurface data produced 
by others that were presented in the GARs and used to develop levee 
performance curves described in this attachment. DWR has not performed 
independent validation or verification of data reported by others. 

Data presented in this attachment are time-sensitive in that they apply only 
to locations and conditions that were identified at the time this attachment 
was prepared. Data should not be applied to any other projects in or near 
the area of this study nor should they be applied at a future time without 
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appropriate verification, at which point the entity verifying the data takes 
on the responsibility for the data and any liability for its use. 

The levee performance curve information and results contained in this 
attachment is for the use and benefit of DWR. Use by any other party is at 
their own discretion and risk. 

Information in this attachment should not to be used as a basis for design, 
construction, remedial action, or major project-specific capital spending 
decisions. 
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6.0 Acronyms and Abbreviations 
AWSE ........................ Assessment Water Surface Elevation 

Board ......................... Central Valley Flood Protection Board 

CLD ........................... California Levee Database 

Comprehensive Study Sacramento and San Joaquin River Basins 
Comprehensive Study 

CVFPP ...................... Central Valley Flood Protection Plan 

Delta .......................... Sacramento-San Joaquin Delta 

DWR .......................... California Department of Water Resources 

ETL ............................ Engineer Technical Letter 

FCSSR ...................... Flood Control System Status Report 

FS .............................. factor of safety 

GAR ........................... Geotechnical Assessment Reports 

HEC-FDA .................. Hydrologic Engineering Center Flood Damage 
Assessment model 

i .................................. vertical exit gradient 

LD .............................. lacking sufficient data 

LiDAR ........................ light detection and ranging 

NULE ......................... Non-Urban Levee Evaluation 

Pf ............................... probability of failure 

PFP ........................... probable failure point 

PNP ........................... probable non-failure point 

SPFC ......................... State Plan of Flood Control 

ULE ........................... Urban Levee Evaluation 

USACE ...................... U.S. Army Corps of Engineers 
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1.0 Introduction 

This section states the purpose of this attachment, gives background 

information (including a description of planning areas, goals, and 

approaches), discusses the types of economic flood damage and the 

national economic development (NED) approach, and provides an 

overview of the report organization. 

1.1 Purpose of this Attachment 

There are many ongoing effects to support the development of the 2012 

Central Valley Flood Protection Plan (CVFPP). This technical attachment 

describes the methodology and results from the economic flood damage 

analyses for the following: 

 No Project condition 

 Achieve State Plan of Flood Control (SPFC) Design Flow Capacity 

Approach 

 Protect High Risk Communities Approach 

 Enhance Flood System Capacity Approach 

 State Systemwide Investment Approach 

The flood damage analysis of the No Project condition was conducted to 

provide a baseline for comparison with the four approaches.  While the No 

Project condition is meant to describe the existing conditions of the flood 

management systems in the Central Valley, it also includes projects that 

have been authorized and have funding, or that have begun construction or 

implementation.  The No Project condition includes the following: 

 Levee improvements in south Yuba County implemented by the Three 

Rivers Levee Improvement Authority (TRLIA) since 2004 (TRLIA, 

2011) 

 Natomas Levee Improvement Program by the Sacramento Area Flood 

Control Agency (SAFCA) (SAFCA, 2011) 
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 Folsom Dam Joint Federal Project to improve the ability of Folsom 

Dam to manage large floods by allowing more water to be safely 

released earlier in a storm event, leaving more storage capacity for 

capturing peak inflow (Reclamation, 2009) 

 Levee improvements along the American River to safely pass a flow of 

160,000 cubic feet per second (cfs) as part of the American River 

Common Features Project (SAFCA, 2011) 

 Marysville levee improvements (USACE, 2009) 

This technical attachment also documents the following based on the best 

available data and tools as of September 2011: 

 Geographic planning areas relevant to the CVFPP development 

process. 

 Quantitative economic flood damage estimates for structures, contents, 

crops, and business loss (direct damages) under the No Project 

condition as a baseline for comparison with other flood risk 

management approaches. 

 Quantitative flood damage estimates for structures, contents, crops, and 

business loss (direct damages) under the four flood risk management 

approaches described below. 

 Qualitative description of approach for the estimation of emergency 

costs under a future CVFPP update. 

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 

Protection Act of 2008, the California Department of Water Resources 

(DWR) has prepared a sustainable, integrated flood management plan 

called the CVFPP, for adoption by the Central Valley Flood Protection 

Board (Board).  The 2012 CVFPP provides a systemwide approach to 

protecting lands currently protected from flooding by existing facilities of 

the SPFC, and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 

conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 

ecosystem, and related conditions within the flood management system and 

to support formulation of system improvements.  These analyses were 
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conducted in the Sacramento River Basin, San Joaquin River Basin, and 

Sacramento-San Joaquin Delta (Delta). 

1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 

direction, two geographical planning areas were important for CVFPP 

development (Figure 1-1): 

 SPFC Planning Area – This area is defined by the lands currently 

receiving flood protection from facilities of the SPFC (see State Plan of 

Flood Control Descriptive Document (DWR, 2010)).  The State of 

California’s (State) flood management responsibility is limited to this 

area. 

 Systemwide Planning Area – This area includes the lands that are 

subject to flooding under the current facilities and operation of the 

Sacramento-San Joaquin River Flood Management System (California 

Water Code Section 9611).  The SPFC Planning Area is completely 

contained within the Systemwide Planning Area which includes the 

Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 

planning areas.  The CVFPP focused on SPFC facilities; therefore, 

evaluations and analyses were conducted at a greater level of detail within 

the SPFC Planning Area than in the Systemwide Planning Area. 

Economic flood damage analysis was conducted in the SPFC Planning 

Area for flood damages to structures, contents, crops, and business losses.  

Costs related to emergency response and recovery, regional economic 

impacts, and other social effects are analyzed for the Systemwide Planning 

Area and the Central Valley. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 

address identified flood-management-related problems and opportunities, a 

primary and four supporting goals were developed: 

 Primary Goal – Improve Flood Risk Management 

 Supporting Goals: 

 Improve Operations and Maintenance 

 Promote Ecosystem Functions 

 Improve Institutional Support 

 Promote Multi-Benefit Projects 

1.5 2012 CVFPP Planning Approaches 

In addition to the No Project approach, three fundamentally different 

approaches to flood management were initially compared to explore 

potential improvements in the Central Valley.  These approaches are not 

alternatives; rather, they bracket a range of potential actions and help 

explore trade-offs in costs, benefits, and other factors important in decision 

making.  The approaches are as follows: 

 Achieve SPFC Design Flow Capacity – Address capacity 

inadequacies and other adverse conditions associated with existing 

SPFC facilities, without making major changes to the footprint or 

operation of those facilities. 

 Protect High Risk Communities – Focus on protecting life safety for 

populations at highest risk, including urban areas and small 

communities. 

 Enhance Flood System Capacity – Seek various opportunities to 

achieve multiple benefits through enhancing flood system storage and 

conveyance capacity. 

Comparing these approaches helped identify the advantages and 

disadvantages of different combinations of management actions, and 

demonstrated opportunities to address the CVFPP goals to different 

degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 

developed that encompasses aspects of each of the approaches to balance 
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achievement of the goals from a systemwide perspective, and includes 

integrated conservation elements.  Figure 1-2 illustrates this plan 

formulation process. 

This attachment documents economic flood damage analyses conducted for 

the No Project condition and each of the approaches. 

 
Figure 1-2.  Formulation Process for State Systemwide Investment 
Approach 

1.6 Types of Economic Flood Damages 

In common with most economic flood damage studies, four types of 

damages have been defined, as follows: 

 Tangible damages include the economic impacts of a flood (e.g., 

damages to structure and contents of buildings, utility infrastructure, 

agricultural enterprises). 

 Tangible damages, measured in dollars, also include losses from 

emergency response and disruption of normal economic and social 

activities that arise from the physical impact of a flood (e.g., costs 

associated with emergency response; cleanup; community support; 

disruption to transportation, employment, commerce, tourism). 

 Intangible damages consist of losses that are usually not quantified in 

monetary terms (since market prices cannot be used) (e.g., loss of 

biodiversity due to habitat damages to the riverbanks). 
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 Intangible damages also include losses that are also usually not 

quantified in monetary terms (since market prices cannot be used) (e.g., 

increase in stress levels for residents following a major flood affecting 

their homes). 

The analyses documented in this attachment focus on (1) quantitative 

evaluation of tangible flood damages to structure, contents, and crops and 

(2) a qualitative discussion of other tangible costs related to emergency 

response and recovery. 

1.7 National Economic Development 

The 1983 Economic and Environmental Principles and Guidelines (P&G) 

for Water and Related Land Resources Implementation Studies (WRC, 

1983) were established pursuant to the Water Resources Planning Act of 

1965 (Public Law 89-80) to promote proper and consistent planning by 

federal agencies
1
 in the formulating and evaluating water and related land 

resources implementation studies.  The federal objective of these studies is 

to maximize NED through development of an NED plan while protecting 

the nation’s environment, pursuant to applicable laws and requirements.  

The P&G define the evaluation approach for NED to maximize net 

benefits. 

The CVFPP economic flood damage analyses documented in this 

attachment adhere to the NED approach.  Key elements that comply with 

the NED approach and U.S. Army Corps of Engineers (USACE) policies 

and procedures include, but are not limited to, the following: 

 Use of risk analysis 

 Depreciation of structural value 

 Use of uncertainty in first floor elevations, structure values, and 

contents-to-structure value ratio 

 Use of USACE Hydrologic Engineering Center Flood Damage 

Analysis (HEC-FDA) computer program  

California’s economy is the largest in the United States and, thus, the 

economies of these two entities are closely linked.  It is anticipated that 

                                                        
1
  The federal agencies are U.S. Army Corps of Engineers (USACE), U.S. Department of 
the Interior, Bureau of Reclamation (Reclamation), Tennessee Valley Authority, and the 
Natural Resources Conservation Service (NRCS). 
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implementation of the CVFPP could reduce economic flood damages in the 

Central Valley of California, increase overall California production, and 

thus benefit the entire national economy.  In other words, implementing the 

CVFPP could potentially contribute to the NED. 

In the future, with appropriate Congressional authorization, California will 

likely seek federal funding.  Using an economic flood damage evaluation 

compatible with the NED approach could potentially expedite the federal 

funding process.  Also, being compatible with USACE water planning 

principles and guidelines could help California maximize federal funding. 

1.8 Report Organization 

Organization of this document is as follows: 

 Section 1 describes the purpose of the attachment and provides 

background information on the CVFPP; describes CVFPP planning 

areas, the CVFPP planning process, and planning approaches; and 

discusses types of flood damages and NED. 

 Section 2 summarizes results and findings for the economic flood 

damage analysis. 

 Section 3 describes the methodology used in this analysis. 

 Section 4 provides complete results for the flood damage analysis by 

approach. 

 Section 5 contains references for the sources cited in this document. 

 Section 6 lists abbreviations and acronyms used in this document. 
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2.0 Results Summary and Findings 

Results of the flood damage analysis are given as Estimated Annual 

Damages (EAD).  EAD is not a predictor of damages for a given year, but 

rather indicates the annualized damages from periodic flooding.  For this 

study, the EAD has three components: 

 Annual structure and contents damage 

 Annual crop damage 

 Annual business losses 

Figures 2-1 and 2-2 indicate the total EAD, as well as the components 

listed above, for the Sacramento and San Joaquin river basins, for the No 

Project Condition and for each of the four flood management approaches. 

In the Sacramento River Basin, the Enhance Flood System Capacity 

Approach provides the largest reduction in economic flood damages, 

followed by the State Systemwide Investment Approach (SSIA).  This is 

likely because of the larger percentage of the damages in the basin that 

would occur in urban areas, and both of these approaches would provide 

200-year protection to urban areas plus new and widened bypasses and 

lengthened weirs. 

In the San Joaquin River Basin, the Enhance Flood System Capacity 

(EFSC) Approach provides the largest reduction in economic flood 

damages, followed by the Achieve SPFC Design Flow Capacity Approach.  

This is because of a larger percentage of the damages in the basin would 

occur in rural areas and both of these approaches would restore all SPFC 

levees to Design Flow Capacity, including rural areas. 
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Figure 2-1.  Sacramento River Basin Estimated Annual Flood Damages 

 
Figure 2-2.  San Joaquin River Basin Estimated Annual Flood Damages 
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3.0 Flood Damage Analysis 
Methodology 

Structure value has evolved as the most widely used indicator of potential 

economic flood damages and, generally, structure and contents values 

make up the majority of avoided damages or benefits associated with flood 

damage reduction projects.  Vehicles are a structure contents subcategory 

that typically represents a small percentage of project damages and were 

not anticipated to have significant bearing on plan formulation.  For 

agricultural areas, crop loss has been the major economic flood damage 

category.  This document focuses on quantifying the economic flood 

damages for structures and contents, crops and business losses. 

In general, the CVFPP flood damage quantitative analysis for structures, 

contents, and crops in the Sacramento and San Joaquin river basins follows 

a similar methodology to that used for the U.S. Army Corps of Engineers 

(USACE) Sacramento and San Joaquin Basins Comprehensive Study 

(Comprehensive Study) (2002a).  Structural damages are referred to in this 

attachment as inundation damages associated with a building structure and 

its contents, crop damages as damages associated with inundation of 

agricultural lands.  Business losses were not analyzed in the 

Comprehensive Study, but are used in this attachment to describe direct 

flood damages associated with decreased business activity caused by 

flooding. 

This section describes overall methodology and common inputs for 

structural and crop damages.  Specific details of structural and crop 

damages and business losses are given in Section 4. 

3.1 Comprehensive Study 

In response to extensive flooding and damage experienced during the 

floods of 1997, Congress authorized the USACE, Sacramento District, to 

undertake the Comprehensive Study, a comprehensive analysis of the flood 

management systems in the Sacramento and San Joaquin river basins, and 

to develop plans for reducing flood damages and improving the riverine 

environment (USACE, 2002a). 
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Multidisciplinary modeling and analysis tools were developed and used for 

the Comprehensive Study.  The tools provided hydrologic, hydraulic, 

geotechnical, economic, and environmental analysis.  The CVFPP follows 

a similar analytical approach for these two river basins.  The Calaveras 

River and Bear Creek in the Stockton area were not evaluated in the 

Comprehensive Study; however, a similar approach was applied in the 

Stockton area for the CVFPP with slightly different tools.  Details of the 

modeling and analysis applied to the Stockton area can be found in 

Attachment 8C: Riverine Channel Evaluations. 

3.2 Overall CVFPP Modeling Framework 

During CVFPP development, flood management approaches were 

identified and their corresponding EAD were developed and compared 

against the No Project condition EAD to determine their effectiveness as 

flood management strategies.  Multiple modeling tools and analyses were 

conducted to support the approach evaluation (Figure 3-1); using existing 

tools that were updated with best available data. 

The technical tools needed for the evaluation include hydrology that is used 

to develop unregulated flow hydrographs into reservoirs and streams.  

Next, reservoir models are used to simulate regulated flows for input to the 

downstream river hydraulic models.  The regulated flows downstream from 

reservoirs and unregulated local flows are sent to the river hydraulic 

models that are used to simulate water stages, flow rates, levee breaches, 

out-of-system flows, etc., in the rivers. Geotechnical studies identify levee 

failure probability used both in the river hydraulic models to determine 

levee breaches and subsequent out-of-system flows, and in the economic 

models to determine stage-damage curves. Economic models identify 

damages using stage-damage curves derived from structure and crop 

inventories.  Any CVFPP management actions could change some of the 

model inputs and thus change the EAD. 

Input sources for the economic flood damage analysis are summarized 

below: 

 Levee performance curves using data developed for the Urban Levee 

Evaluation (ULE) Project and the Non-Urban Levee Evaluation 

(NULE) Project under the DWR FloodSAFE California (FloodSAFE) 

Levee Evaluation Program (see Attachment 8E: System/Levee 

Performance for details). 

 Hydraulic modeling outputs from (1) UNET (Unsteady flow through a 

NETwork of open channels) models for the Sacramento and San 
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Joaquin river basins, (2) RMA Delta Model for Delta islands, and (3) 

Hydrologic Engineering Center River Analysis System (HEC-RAS) for 

the Stockton area (see Attachment 8C: Riverine Channel Evaluations 

and Attachment 8D: Estuary Channel Evaluations for details). 

 Flood depth information derived from (1) Comprehensive Study 

FLO-2D
2
 flood depth grids, and (2) FLO-2D flood depth grids for 

Stockton area  

 
Figure 3-1.  Schematic of Overall Modeling Framework 

                                                        
2
  FLO-2D is an integrated river and floodplain model developed by FLO-2D Software, Inc. 
It is a dynamic flood routing model that simulates channel flow, unconfined overland flow, 
and street flow, with consideration of topography and roughness. 
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 A reconnaissance-level structure inventory developed using field 

surveys conducted in 2010 and 2011. 

 DWR May 2010 spatial geographic information system (GIS) dataset 

for Central Valley landuse conditions, focusing on agricultural lands. 

 Comprehensive Study agricultural damage spreadsheets (Ag damage 

spreadsheet) (USACE 2010b). 

 USACE contents-structure ratios and depth-damage functions (USACE, 

2008) 

3.3 Flood Damage Reduction Analysis Methods 

In the Comprehensive Study, USACE used the HEC-FDA computer 

program to analyze flood inundation damage and project performance by 

return period and EAD.  The HEC-FDA program provides state-of-the-art 

analysis for formulating and evaluating flood damage reduction plans using 

risk-based analysis methods. 

The HEC-FDA calculations took into account information and 

uncertainties from interrelated hydrologic, hydraulic, geotechnical, and 

economic information (UASCE, 2002b), as follows: 

 Hydrologic − A discharge-frequency function describes the probability 

of floods equal to or greater than a given discharge.  Uncertainty factors 

include hydrologic data record lengths that are often short or do not 

exist, precipitation-runoff computational methods that are not precisely 

known, and imprecise knowledge of flow regulation effectiveness. 

 Hydraulics − A stage-frequency function describes the maximum 

water surface elevation (stage) that the flow of water in a river channel 

would reach for a given annual exceedence probability (AEP) flood 

event.  Uncertainty in this number may be from the use of simplified 

models to describe complex hydraulic phenomena, including the lack of 

detailed geometric data, misalignments of hydraulic structures, material 

variability, and errors in estimating slope and roughness factors. 

 Geotechnical − A geotechnical levee performance curve describes 

levee failure (breach) probabilities corresponding to water stages in a 

channel.  As the stage on the channel side of a levee rises, the 

probability of levee failure increases.  Once a levee fails and water 

enters the floodplain through the resulting breach, stages in the 

floodplain are applied in the HEC-FDA computation.  Uncertainty 
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results from estimation of the geotechnical performance of levees and 

flood control structures during floods.  Other uncertainties may include 

assumptions for geotechnical parameters, mathematical simplifications 

in the analysis models, frequency and magnitude of physical changes or 

failure events, and the uncertainty of unseen features such as rodent 

burrows, cracks within the levee, or other defects. 

 Flood Damages − A stage-damage function describes the amount of 

damage that might occur given certain floodplain stages.  Uncertainty 

may be from land uses, depth/damage relationships, structure/contents 

values, structure locations, first-floor elevations, floodwater velocity, 

the amount of debris and mud, flood duration, and warning time and the 

response of floodplain inhabitants.  Some of these uncertainties 

(warning time and response) are not accounted for in the flood damage 

analysis. 

To quantify the above uncertainties and incorporate them into an economic 

and engineering performance analysis, HEC-FDA applies Monte Carlo 

simulation, a numerical-analysis procedure that computes the expected 

value of damage while explicitly accounting for uncertainty in basin 

parameters used to determine flood inundation damage.  Additional 

information can be found in the HEC-FDA User’s Manual (USACE, 

2008a) 

3.4 Flood Damage Analysis Output Types 

The primary outputs of HEC-FDA for flood damage analysis in this 

attachment are as follows: 

 EAD is defined as the average or mean of all possible values of damage 

determined by Monte Carlo sampling of stage-exceedence probability, 

the geotechnical levee performance curve, and stage-damage 

relationships and their associated uncertainties.  EAD is calculated as 

the integral of the damage-probability function. 

 Expected annual exceedence probability (AEP) measures the chance of 

a flood occurring in any given year. 

 Long-term risk provides the probability of one or more damaging 

floods occurring over a period of time (10-, 30-, and 50-year periods). 

 Conditional nonexceedence probability for flood events (i.e., the 

probability of passing specific flood events) of 10, 4, 2, 1, 0.4, and 0.2 

percent (10-, 25-, 50-, 100-, 200-, and 500-year return period). 
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3.5 CVFPP HEC-FDA Coverage 

The total floodplain area protected by the SPFC in the Sacramento and San 

Joaquin river basins is approximately 2.1 million acres (or about 3,300 

square miles).  These floodplains are not homogenous; they contain areas 

subject to different types of flooding.  For example, the Colusa Basin in the 

upper Sacramento River Basin is prone to “overland” flooding while areas 

in and near the Delta in the lower San Joaquin River Basin are prone to 

“bathtub” flooding.  In HEC-FDA, floodplains are represented by a 

collection of damage areas for (1) the Sacramento River Basin, (2) the San 

Joaquin River Basin, and (3) the Stockton area.  HEC-FDA simulations are 

performed for each damage area in the CVFPP. 

The Sacramento River Basin is represented by 63 damage areas (about 1.36 

million acres in total, Figure 3-2) and the San Joaquin River Basin by 43 

damage areas (about 0.70 million acres in total, Figure 3-3).  The original 

Comprehensive Study damage areas in these two basins were revised by 

DWR in early 2010 within the 500-year (0.2 percent) floodplains
3
 to 

include the largest flood deemed reasonably possible.  There are six 

damage areas in the Stockton area (about 60,000 acres in total, Figure 3-3) 

covering areas inside SPFC Planning Area but outside of Comprehensive 

Study HEC-FDA for the San Joaquin River Basin. 

Each damage area is unique and is located along a stream or waterway with 

beginning and ending stations.  As described above, each damage area 

extends to include the 500-year floodplain.  Each damage area has a unique 

index point on a bounding watercourse, where channel and floodplain 

water surface elevations are coupled.  The index point, which represents its 

corresponding section of river reach and the properties of the levees, is also 

the location where flood damages for a damage area (through the stage-

damage function) are developed, and then linked to hydrology, hydraulics, 

and geotechnical considerations through a Monte Carlo simulation to 

calculate a flood risk.  The index point location for each damage area has 

been defined through the ULE and NULE efforts and is shown in 

Attachment 8E: Levee Performance Curves. 

                                                        
3
  DWR used the 500-year floodplain GIS file from the Comprehensive Study to modify the 
damage area boundaries in early 2010.  The intent of the modification was to better align 
the damage areas with the floodplain boundary.  Portions or the entirety of the cities of 
Chico, Davis, Los Banos, Merced, Tracy, and Woodland are inside the SPFC planning 
area, but their flood damage effects were not evaluated under the CVFPP because the 
Comprehensive Study did not develop HEC-FDA damage areas for each of these cities.  
It is anticipated that these cities will be part of the 2017 CVFPP flood damage analysis. 
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Figure 3-2.  HEC-FDA Damage Areas in Sacramento River Basin 
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Figure 3-3.  HEC-FDA Damage Areas in San Joaquin River Basin and Stockton Area 
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3.6 Major HEC-FDA Inputs 

Risk analyses for structure and crop damage require three types of 

hydraulic and geotechnical inputs to HEC-FDA: 

 Stage-frequency curve (stream hydraulics and hydrology) 

 Levee performance curve (geotechnical considerations) 

 Flood depth grid (floodplain hydraulics) 

3.6.1 Stage-Frequency Curve 

For each damage area, the stage-frequency curve function at the 

corresponding index point was developed and incorporated into the 

HEC-FDA as input based on flood events with AEPs of 10, 4, 2, 1, .5, and 

.2 percent (10-, 25-, 50-, 100-, 200-, and 500-year return period).  UNET 

simulations for a 100 percent AEP were not performed because hydrology 

for this event was not available; instead, stages for the 100 percent AEP (1-

year return period event) at each index point are based on the interior levee 

toe elevations (as developed by the ULE and NULE projects in DWR’s 

Levee Evaluation Program).  Assumptions from the Comprehensive Study 

hybrid stage-frequency curves were applied in cases where no other data 

were available. 

In some reaches, simulated stages were substantially below the levee 

failure elevation, especially in downstream reaches. This was due to the 

progressive loss of floodwater through multiple upstream levee breaches. 

After a levee breach occurs, the water surface elevation remains relatively 

constant for all higher flood frequencies because flows are escaping into 

the floodplain through the levee breach, causing the stage-frequency curves 

to tail over or flatten at the breach elevation. Monte Carlo sampling in 

HEC-FDA requires a stage-frequency curve that covers a full range of 

potential flood frequencies. Consequently, two sets of simulations were 

required to construct the stage-frequency curves in reaches with levees: one 

that assumes levee failures occur (termed finite channel, see Figure 3-4) 

and one that assumes all flow is contained within the channel (termed 

infinite channel, see Figure 3-4). The portion of the curve below the levee 

failure point is developed using the levee-failure simulations and the upper 

portion of the curve above the frequency of levee failure is formed using 

the infinite channel simulation in which the stage-frequency curve always 

increases. 
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Figure 3-4.  Example of Hybrid Stage-Frequency Curve 

UNET was used to simulate in-channel flow rates and stages, and flows 

leaving river channels through breaches and entering the floodplain under 

different levee failure scenarios based on levee performance curves 

described in the following section.  In-channel hydraulic information from 

UNET was used to develop a hybrid stage-frequency curve at the index 

point of each damage area.  Figure 3-4 shows an example of a hybrid stage-

frequency curve for an index point of a damage area.  Details of the 

methodology to develop hybrid stage-frequency curves are described in the 

Comprehensive Study Technical Studies Documentation, Appendix E 

(USACE, 2002b). 

3.6.2 Levee Performance Curve 

Levee performance curves establish geotechnical relationships between 

river water stage and the probability that a levee segment will fail or breach 

(water from the waterside of the levee flows in an uncontrolled manner to 

the landside of the levee) at that stage.  Under the ULE Project, levee 
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performance curves were developed for levees (subdivided into reaches 

ranging in length from 1,000 to 3,000 feet) protecting populations of 

10,000 or more people through (1) about 400 miles of SPFC levees, and (2) 

appurtenant non-SPFC levees.  The NULE Project developed levee 

performance curves for levees (in 2- to 25-mile-long segments) protecting 

populations of fewer than 10,000 people (see Attachment 8E: 

System/Levee Performance for details). 

During curve development, four levee failure modes were considered: 

steady-state under-seepage, steady-state through-seepage, steady-state 

landside stability, and erosion.  Past flood information, field data, and 

laboratory geotechnical data were used to calculate or validate the levee 

performance curves. Note that, although an earthquake could cause damage 

resulting in a levee to breach, levee performance curves from the NULE 

and ULE projects did not consider the potential risk from seismic activities 

on levee breach. 

Levee failure conditions for each approach are described in Attachment 8E: 

System/Levee Performance for the Sacramento River and San Joaquin river 

basins and Attachment 8C: Riverine Channel Evaluations for the Stockton 

area.  Riverine hydraulic results (Attachment 8C: Riverine Channel 

Evaluations) that account for the likely performance of upstream levees 

were used to generate hybrid stage-frequency curves as inputs to the 

CVFPP HEC-FDA as described above. 

3.6.3 Flood Depth Grid  

A key input to HEC-FDA is a flood depth grid for each floodplain for 

various flood events.  For each damage area, flood depth information was 

overlaid on the geospatial structure and crop inventory to estimate the total 

structure and crop damages under different flood events and thus develop 

the stage-damage relationship.  (Development of flood depth grid 

information for the Stockton area is described in detail in Attachment 8C: 

Riverine Channel Evaluations.)  This section describes the derivation of 

flood depth information from the Comprehensive Study FLO-2D outputs 

for the Sacramento and San Joaquin river basins.  Simulated maximum 

floodplain water depths for the Sacramento and the San Joaquin river 

basins in the Comprehensive Study are shown in Figures 3-5 and 3-6, 

respectively. 

Under the 2002 Comprehensive Study, USACE developed a set of levee 

performance curves for the No Project condition UNET simulation.  No 

Project condition UNET overbank flow results were then used in FLO-2D 

floodplain models to generate flood depth grids for the 10-, 50-, 100-, 200-, 

and 500-year floods. 
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Under the CVFPP, a new set of levee performance curves (see Attachment 

8E: System/Levee Performance) and other assumptions were developed 

and incorporated into the UNET models to represent the different 

approaches.  New flood depth grids for the No Project condition, as well as 

for the four approaches, were derived from the Comprehensive Study FLO-

2D outputs as described below. 

The interior floodplain depth is a combination of three factors: 1) the levee 

breach location; 2) when the levee breaks in relation to the stage in the 

river; and 3) the period of time during which floodwaters enter the 

floodplain through the levee breach.
4
  Assumptions (e.g., new levee 

performance curves) made in the CVFPP result in differences between the 

factors described above as used in the CVFPP and the Comprehensive 

Study.  As a result, the original Comprehensive Study interior-exterior 

stage relationships (i.e., the relationship between water depth in the 

floodplain and water stage in the river) could not be used in the CVFPP. 

It was therefore necessary to derive new interior-exterior stage 

relationships based on the assumption that the total volume of water 

entering the floodplain, and the resulting interior stage, is proportional only 

to the exterior (river) stage and not the physical location, exceedence 

probability, or duration of the levee breach.  By comparing a CVFPP 

exterior stage with a Comprehensive Study exterior stage at an index point, 

a new interior floodplain depth can be derived for any given hydraulic 

model run in the CVFPP.  The new interior floodplain depth and associated 

exterior stage are applied as FDA inputs for that particular hydraulic model 

run. 

A land parcel in Damage Area SJ14 was selected as an example to illustrate 

the derivation process.  First, interior water depth for the land parcel and a 

given flood AEP was taken from the Comprehensive Study FLO-2D No 

Project flood depth grid.  Next, the UNET exterior (in-channel) water stage 

at the index point corresponding to the parcel was extracted from the 

Comprehensive Study UNET runs for all flood AEPs.  The data points 

were then plotted (see Comprehensive Study Baseline data in Table 3-1 and 

Figure 3-7) to develop a Comprehensive Study interior-exterior stage 

curve. 

                                                        
4
 In UNET, levee breaches are simulated using simple failure mode. The simple failure 
method, identified by the SF record, uses a simple spillway concept whereby the volume 
of available storage multiplied by a linear routing factor gives flow through the breach. 
This simple method, often used in cases where the details of a breach are unknown, 
does not simulate the erosion of material from the breach, but assumes a maximum 
breach length. This method acknowledges that flow into the storage area is proportional 
to available storage; thus, flow is greatest at the onset of the breach and decreases as 
the available floodplain storage decreases. 
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Figure 3-5.  Simulated Maximum Water Depths for Sacramento River 
Basin in Comprehensive Study 



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

3-14 January 2012 
 Public Draft 

 
Figure 3-6.  Simulated Maximum Water Depths for San Joaquin River Basin in 
Comprehensive Study 
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A new exterior stage-frequency curve at the SJ14 index point was 

developed from UNET for the CVFPP (see CVFPP No Project condition in 

Table 3-1).  Using the original interior-exterior stage-frequency 

relationship taken from Comprehensive Study data give the curve shown in 

Figure 3-7. Interior water depths at the parcel related to the new CVFPP 

stages at the SJ14 index point can be identified through interpolation 

(extrapolation in some cases), as shown by the red dots in Figure 3-8 for 

each exterior (river) stage.  The interior water depths at the parcel for the 

CVFPP No Project condition were taken from Figure 3-8, as shown in 

Table 3-1.  The interior-exterior curve was extended down to the interior 

toe of the levee because when the maximum exterior water stage is below 

the interior levee toe elevation, levee failure probability is assumed to be 

zero, and the interior grid is dry (zero water depth).  The approach 

described above was repeated to develop new flood depth stages for all 

parcels in each of the damage areas. 

 
Table 3-1.  Interior and Exterior Water Stage Data for SJ14 Index Point 
and Parcel 

 
AEP (percent) 

10 2 1 .5 .2 

Comprehensive Study Baseline 

SJ14 Index Point River Stage (feet, 
from UNET) 107.21 108.27 109.61 110.33 110.58 

Water Depth at a parcel (feet, from 
FLO-2D) 0.00 2.68 4.82 5.20 5.44 

CVFPP No Project  

SJ14 Index Point River Stage (feet; 
from UNET) 107.31 107.44 107.46 107.56 108.88 

Water Depth at a parcel (feet; from 
interpolation) 0.26 0.58 0.62 0.89 3.65 

Key; 

AEP = annual exceedence probability 

APN = Assessor Parcel Number 

Comprehensive Study = USACE 2002a, Sacramento and San Joaquin River Basins Comprehensive 
Study 

CVFPP = Central Valley Flood Protection Plan 
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Figure 3-7.  Interior-Exterior Stage Curve from Comprehensive Study 
for a Parcel in Damage Area SJ14 

 
Figure 3-8.  Interpolated Interior Water Depth Based on Interior-
Exterior Curve for a Parcel in Damage Area SJ14 and New CVFPP No 
Project Exterior Water Stages 
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3.7 Structure Inventory Development 

Development of a structure inventory is an integral step in the economic 

flood damage analysis.  This section describes the context and 

methodology for the structure inventory.  In general, the following steps 

were taken to complete the economic flood damage analysis: 

 Step 1 – Develop a structure inventory by conducting a reconnaissance-

level field survey for areas inside the CVFPP HEC-FDA damage areas 

in the Sacramento and San Joaquin river basins and the Stockton area. 

 Step 2 – Populate missing data based on existing parcel data and survey 

results. 

 Step 3 – Identify building costs per square foot, and calculate the 

structure and contents cost for each structure inside the CVFPP HEC-

FDA damage areas of the Sacramento and San Joaquin river basins. 

 Step 4 – Calculate total damages (summation of structure and contents 

damages) under different floods in HEC-FDA based on the derived 

depth grids from the Comprehensive Study FLO-2D outputs and depth-

damage functions to develop the stage-damage curve for each damage 

area. 

 Step 5 – Perform risk analysis in HEC-FDA for each damage area. 

This section describes Steps 1 through 3 in detail. 

3.7.1 Inventory Development Overview 

Developing the structure inventory for the CVFPP damage areas in the 

Sacramento and San Joaquin river basins was a major activity of the 

economic flood damage analysis.  The 2010 June parcel data compiled by 

ParcelQuest
5
 were used as the basis for developing the structure inventory 

needed to complete the structure economic flood damage analysis.  

Reconnaissance-level field surveys were conducted to obtain the following 

information to support development of structure values and subsequent 

economic flood damage analyses in HEC-FDA: 

                                                        
5
  ParcelQuest is a company that operates in the State of California and provides parcel 
and map data in digital format. 
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 Structure categories – Public, industrial, commercial, urban
6
 

residential, and rural residential 

 Occupancy type – A subcategory of the structure category with 

additional landuse information (see Tables 3-2 and 3-3) 

 Number of buildings and corresponding number of stories (with or 

without a basement) in a parcel 

 Number of units per residential parcel 

 Construction class for a building – Class A for a steel-reinforced 

frame, B for a reinforced-concrete frame, C for a masonry or concrete 

frame, D for a wood frame, and S for a metal frame per the Marshall 

Valuation Service construction indicators for each occupancy type 

(M&S, 2010) 

 Construction quality for the building – “Cheap/minimal, ” “low 

cost,” “average,” “good,” and “excellent” per descriptions in the 

Marshall Valuation Service (M&S, 2010) 

 Depreciation percentage – Loss in value compared to its new-cost 

estimate because of (1) physical depreciation, (2) functional/technical 

obsolescence, and (3) external, locational, or economic obsolescence 

per guidance from the Marshall Valuation Service (M&S, 2010) 

 Foundation height – Estimated difference between the average ground 

elevation of a parcel and the first floor of a structure, as observed from 

the survey, representing the first point where water could enter and 

damage the contents of the structure 

Under the attribute “County Use” in the ParcelQuest data is a code that 

varies by county, but which represents the landuse condition of a parcel.  

For each parcel, this “County Use” code was matched to one of five 

structure categories (commercial, industrial, public, urban residential, and 

rural residential) and an occupancy type from Table 3-3 was then assigned 

in accordance with the landuse description provided by the specific county.  

Appendix A summarizes lookup tables for counties that match the “County 

Use” code to structure category and occupancy types of Table 3-2.  

Table 3-3 is an example excerpt from the lookup table for Butte County. 

                                                        
6
  Urban area definition is from the ESRI dataset dated on January 2010.  These data were 
originally extracted from the U.S. Bureau of the Census TIGER/Line 2000 database. 
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3.7.2 Field Survey 

Reconnaissance-level field structure inventory surveys were conducted in 

14 counties of the Central Valley from August through early October 2010 

and in April 2011 (see Table 3-4).  The field surveys collected data to 

support the development of structure values and subsequent economic 

flood damage analyses in HEC-FDA. All counties inside the HEC-FDA 

damage areas were surveyed. 

The goals of the survey were as follows: 

 Determine/verify the percentage of empty parcels 

 Determine structure characteristics (e.g., foundation height and 

depreciation percentage) 

 Verify structure characteristics (e.g., building class, quality class, 

occupancy types, number of stories) 

For each county, random parcel samples were selected from the 

ParcelQuest database, as follows: 

 Step 1 – Identify parcels inside the CVFPP HEC-FDA damage areas. 

 Step 2 – Assign a random number to all parcels from Step 1. 

 Step 3 – Identify parcels with land uses that belong to the five structure 

categories from Table 3-2. 

 Step 4 – Sort the parcels based on the five survey categories. 

 Step 5 – For each structure category, rank the parcels in ascending 

order based on the random number assigned in Step 2. 

 Step 6 – For each survey category, assign a survey number from 1 to 30 

to the first 30 parcels.  These 30 samples are used provide statistical 

information on the empty parcel rate and structure characteristics if a 

building(s) exists on a parcel. 

 Step 7 – Assign a survey number to the parcel next in the sorted list 

until there are 30 parcels with structures (based on aerial photos).  

Samples with a survey number greater than 30 provide statistical 

information on structure characteristics (e.g., foundation height, 

depreciation percentage, quality class). 
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Table 3-2.  Structure Category and Corresponding Occupancy Type 
as Defined by CVFPP 

Structure 
Category 

Occupancy 
Type 

Occupancy Type 
Description 

Commercial 

C-RET Retail  

C-DEAL Full-Service Auto Dealership  

C-FURN Furniture Store  

C-HOS Hospital  

C-AUTO Auto Sales  

C-HOTEL Hotel  

C-FOOD Food-Retail  

C-RESTFF Fast Food Restaurant  

C-GROC Grocery Store  

C-MED Medical  

C-OFF Office  

C-SHOP Shopping Center  

C-REST Restaurants  

C-SERV Auto Service 

ELDER Eldercare 

MISC-COM Miscellaneous Commercial 

Industrial 

I-LT Light Industrial 

I-HV Heavy Manufacturer  

I-WH Warehouse  

MISC-IND Miscellaneous Industrial 

Public 

P-CH Church  

P-GOV Government Building (including police 
stations, airports, ports, jails, judicial buildings)  

P-REC Recreation/Assembly  

P-SCH Schools  

FIRE Fire Station 

MISC-PUB Miscellaneous Public 

Urban 
Residential 

SFR Single-Family Residential 

MISC-RES Miscellaneous Residential 

MFR Multifamily Residential  

MH Mobile Home  

FARM Farm Buildings, Including Primary Residential 

MISC-FARM Miscellaneous Farm 
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Table 3-2.  Structure Category and Corresponding Occupancy Type 
as Defined by CVFPP (contd.) 

Structure 
Category 

Occupancy 
Type 

Occupancy Type 
Description 

Rural Residential 

SFR Single-Family Residential 

MISC-RES Miscellaneous Residential 

MFR Multifamily Residential  

MH Mobile Home Single/Double 

FARM Farm Buildings, including Primary Residential 

MISC-FARM Miscellaneous Farm 

Occupancy Type 
Not Surveyed 

CROP Crops 

MISC-AG Miscellaneous Agriculture 

MISC Miscellaneous 

Key: 

CVFPP = Central Valley Flood Protection Plan 

The structure inventory applied to the Sacramento River Basin HEC-FDA 

is provided in Table 3-5, the San Joaquin River Basin HEC-FDA in Table 

3-6, and the Stockton area in Table 3-7.  In the Sacramento River Basin, 

SAC63 (Sacramento South) has the greatest total number of structures 

(121,733), as well as for all structure categories.  For SAC25 (Yuba City) 

and SAC36 (Natomas) total buildings total more than 20,000.  In the San 

Joaquin River Basin, SJ34 (French Camp) has the greatest number of total 

structures (6,161), followed by SJ33 (Lathrop) and SJ25 (Modesto) with 

5,106 and 3,011 buildings total, respectively.  For the Stockton area, the 

total number of buildings is 65,281; the majority of the structures are in 

STK10, STK07, and STK08. 

Because each parcel needs to have a value for all required structure 

information, @RISK (an add-in to Microsoft Excel from Palisade 

Corporation that performs risk analysis using Monte Carlo simulation) was 

used.  The statistical distributions (e.g., normal, uniform) from survey 

results and parcel records were developed and missing parcel values were 

then populated using the @RISK software application as described below. 
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Table 3-3.  Example Excerpt of Butte County “County Use” Code Lookup Table 

County 
Use 

Description 
Structure 
Category 

Occupancy 
Type 

Occupancy 
Description 

AY Mixed Agricultural CROP CROP Crops 

AZ Miscellaneous CROP CROP Crops 

CC 
Service  
(garage, shop, mini-mart) 

COM C-SERV 
Commercial 
Service-Auto  

CI 
Institutional  
(church, hospital) 

COM C-HOS Hospital  

CP 
Commercial/Professional 
(bank, etc.) 

COM C-RET 
Commercial 
Retail  

CR 
Residential (motel, hotel, 
mobile home park) 

COM C-HOTEL Hotel  

CS 
Commercial Retail  
(stores, etc.) 

COM C-RET 
Commercial 
Retail  

CT 
Recreational  

(theatre, golf, etc.) 
PUB P-REC 

Public 
Recreation/Asse
mbly  

CU Utilities PUB P-GOV 
Public 
Government 
Building  

CZ Miscellaneous Commercial COM MISC-COM 
Miscellaneous 
Commercial 

IM Manufacturing IND I-HV 
Industrial Heavy 
Manufacture  

IW 
Warehouse/Wholesale 
Operations 

IND I-WH 
Industrial 
Warehouse  

IZ Miscellaneous Industrial IND MISC-IND 
Miscellaneous 
Industrial 

R2 Duplex RES MFR 
Multifamily 
Residential  

R3 Triplex RES MFR 
Multifamily 
Residential  

R4 Fourplex RES MFR 
Multifamily 
Residential  

R7 
Multiple Residential, not 
matching 

RES MFR 
Multifamily 
Residential  

RA 
Five or more units – 
apartments 

RES MFR 
Multifamily 
Residential  

Source: Cowdin pers. Comm., 2010. 

Key: 
COM = Commercial 
IND = Industrial 

PUB = Public 
RES = Residential 
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Table 3-4.  Counties Where Structure Field 
Surveys Were Conducted 

Sacramento River Basin San Joaquin River Basin 

Butte Fresno 

Colusa Madera 

Glenn Merced 

Sacramento San Joaquin 

Solano Stanislaus 

Sutter 

 Tehama 

 Yolo 

 Yuba 

 

3.7.3 Populating Missing Parcel Data 

For some parcels, structure information from ParcelQuest was incomplete; 

the missing data include the following: 

 Building area 

 Structure class 

 Structure quality class 

 Number of stories 

 Depreciation percentage 

 Foundation height 

Building Area 

 Step 1 – Sort the parcel data in descending order based on building area 

records from ParcelQuest. 

 Step 2 – For records with values larger than zero (excluding the top and 

bottom 5 percent samples), identify the best-fit distribution using 

@RISK software based on Chi-squared statistics (between normal and 

log-normal). 

 Step 3 – Populate building area values based on the identified 

distribution for parcels with zero value from the records.  Discount the 

populated areas based on the vacancy rate identified from the first 30 

survey samples. 

 Step 4 – Rank the parcels with zero building area in an ascending order 

based on the random number originally used to select the parcels for 

field survey. 
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Table 3-5.  Structure Inventory for Sacramento River Basin 

Damage 
Area 

Description COM IND PUB RES Total 

SAC01 Woodson Bridge East 9 3 0 120 132 

SAC02 Woodson Bridge West 2 1 0 57 60 

SAC03 Hamilton City 28 0 10 564 602 

SAC04 Capay 1 1 4 18 24 

SAC05 Butte Basin 6 3 49 213 271 

SAC06 Butte City 8 1 0 37 46 

SAC07 Colusa Basin North 22 6 129 510 667 

SAC08 Colusa 187 8 75 1,768 2,038 

SAC09 Colusa Basin South 20 29 73 381 503 

SAC10 Grimes 8 0 10 91 109 

SAC11 RD 1500 West 2 8 22 58 90 

SAC12 Sycamore Slough 0 0 0 1 1 

SAC13 Knight's Landing 32 5 8 276 321 

SAC14 Ridge Cut (North) 0 0 1 1 2 

SAC15 Ridge Cut (South) 0 0 0 5 5 

SAC16 RD 2035 2 5 6 38 51 

SAC17 East of Davis 8 5 15 706 734 

SAC18 Upper Honcut 10 1 0 167 178 

SAC20 Gridley 194 22 3 2,295 2,514 

SAC21 Sutter Buttes East 26 19 43 1,334 1,422 

SAC22 Live Oak 57 8 82 2,082 2,229 

SAC23 Lower Honcut 3 15 37 403 458 

SAC24 Levee Dist. No.1 26 19 77 1,316 1,438 

SAC25 Yuba City 830 312 288 19,073 20,503 

SAC26 Marysville 326 56 439 3,257 4,078 

SAC27 Linda-Olivehurst 176 76 269 8,303 8,824 

SAC28 RD 784 28 7 86 2,565 2,686 

SAC29 Best Slough 2 2 17 92 113 

SAC30 RD 1001 13 7 36 260 316 

SAC32 RD 70-1660 0 5 27 102 134 

SAC33 Meridian 6 4 8 110 128 

SAC34 RD 1500 East 6 7 16 77 106 

SAC35 Elkhorn 2 0 5 23 30 

SAC36 Natomas 405 194 935 24,612 26,146 

SAC37 Rio Linda 60 108 370 6,753 7,291 

SAC38 West Sacramento 524 476 84 6,128 7,212 

SAC39 RD 900 45 54 35 7,258 7,392 
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Table 3-5.  Structure Inventory for Sacramento River Basin (contd.) 

Damage 
Area 

Description COM IND PUB RES Total 

SAC40 Sacramento North 966 300 609 12,705 14,580 

SAC41 RD 302 0 0 2 26 28 

SAC42 RD 999 2 4 2 102 110 

SAC43 Clarksburg 22 6 3 130 161 

SAC44 Stone Lake 102 14 480 15,686 16,282 

SAC45 Hood 5 8 15 76 104 

SAC46 Merritt Island 0 0 0 33 33 

SAC47 RD 551 0 3 11 50 64 

SAC48 Courtland 11 4 17 78 110 

SAC49 Sutter Island 0 0 2 9 11 

SAC50 Grand Island 11 2 27 312 352 

SAC51 Locke 20 3 26 40 89 

SAC52 Walnut Grove 44 9 28 131 212 

SAC53 Tyler Island 2 5 4 3 14 

SAC54 Andrus Island 73 20 117 482 692 

SAC55 Ryer Island 0 0 2 90 92 

SAC56 Prospect Island 0 0 4 0 4 

SAC57 Twitchell Island 0 0 17 3 20 

SAC58 Sherman Island 1 0 70 41 112 

SAC59 Moore 0 0 1 58 59 

SAC60 Cache Slough 0 3 2 58 63 

SAC61 Hastings 0 0 0 11 11 

SAC62 Lindsey Slough 8 10 13 2,868 2,899 

SAC63 Sacramento South 3,953 1,542 3,554 112,684 121,733 

Total 
 

8,294 3,400 8,265 236,730 256,689 

Key: 

COM = commercial 
IND = industrial 

PUB = public 
RD = reclamation district 
RES = residential 
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Table 3-6.  Structure Inventory for San Joaquin River Basin 

Damage 
Area 

Description COM IND PUB RES Total 

SJ01 Fresno 21 8 9 323 361 

SJ02 Fresno Slough East 0 1 6 100 107 

SJ03 Fresno Slough West 2 0 0 40 42 

SJ04 Mendota 7 4 3 318 332 

SJ05 Chowchilla Bypass 0 0 0 66 66 

SJ06 Lone Willow Slough 0 0 0 194 194 

SJ07 Mendota North 0 0 0 6 6 

SJ08 Firebaugh 119 19 14 1,172 1,324 

SJ09 Salt Slough 39 20 364 1,795 2,218 

SJ10 Dos Palos 113 11 104 1,811 2,039 

SJ11 Fresno River 0 0 0 10 10 

SJ12 Berenda Slough 1 3 0 203 207 

SJ13 Ash Slough 1 3 0 104 108 

SJ14 Sandy Mush 0 0 13 28 41 

SJ15 Turner Island 0 0 0 50 50 

SJ16 Bear Creek 1 3 12 89 105 

SJ17 Deep Slough 0 0 10 14 24 

SJ18 West Bear Creek 0 0 76 0 76 

SJ19 Fremont Ford 1 16 16 314 347 

SJ20 Merced River 0 11 15 208 234 

SJ21 Merced River North 1 20 20 398 439 

SJ22 Orestimba 4 1 24 377 406 

SJ23 Tuolumne South 0 0 16 87 103 

SJ24 Tuolumne River 12 1 9 731 753 

SJ25 Modesto 96 71 126 2,718 3,011 

SJ26 Three Amigos 3 0 12 44 59 

SJ27 Stanislaus South 0 0 31 71 102 

SJ28 Stanislaus North 7 4 72 942 1,025 

SJ29 Banta Carbona 1 4 16 435 456 

SJ30 Paradise Cut 3 6 12 186 207 

SJ31 Stewart Tract 3 1 7 6 17 

SJ32 East Lathrop 16 78 13 64 171 

SJ33 Lathrop/Sharpe 55 72 141 4,838 5,106 

SJ34 French Camp 29 47 49 6,036 6,161 

SJ35 Moss Tract 27 85 27 2,695 2,834 

SJ36 Roberts Island 0 1 13 143 157 

SJ37 Rough and Ready Island 0 3 5 0 8 
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Table 3-6.  Structure Inventory for San Joaquin River Basin (contd.) 

Damage 
Area 

Description COM IND PUB RES Total 

SJ38 Drexler Tract 2 1 2 20 25 

SJ39 Union Island 0 2 4 54 60 

SJ40 Union Island Toe 0 0 0 8 8 

SJ41 Fabian Tract 2 0 6 20 28 

SJ42 RD 1007 33 18 54 265 370 

SJ43 Grayson 2 0 6 235 243 

Total 
 

601 514 1307 27,218 29,640 

Key: 
COM = commercial 
IND = industrial 

PUB = public 
RD = reclamation district 
RES = residential 

Table 3-7.  Structure Inventory for Stockton Area 

Damage 
Area 

Description COM IND PUB RES Total 

STK01 Lower Roberts Island 0 1 21 32 54 

STK06 Stockton East 19 69 18 95 201 

STK07 Calaveras River 729 14 259 13,406 14,408 

STK08 Bear Creek South 63 10 139 10,055 10,267 

STK09 Bear Creek North 39 14 220 5,097 5,370 

STK10 Central Stockton 1,694 968 853 31,466 34,981 

Total 
 

2,544 1,076 1,510 60,151 65,281 

Key: 

COM = commercial 
IND = industrial 
PUB = public 

RES = residential 

 Step 5 – Assign the discounted populated areas to these parcels. 

 Step 6 – For nonresidential parcels, discount building area to two 

stories if the building is three stories or taller (e.g., multiplying a factor 

of two-thirds for a three-story building) because depth-damage 

functions for two stories were applied to these buildings. 

Structure Class 

In the ParcelQuest database, some parcels had an entry for structure class; 

however, for most of the counties, such entries do not match the definitions 

from Marshall & Swift.  Also, some of the parcels did not have an entry for 

building class.  For each county, @RISK was used to populate all parcels 

that had invalid and missing structure class entries, as follows: 
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 Step 1 – Add or modify the structure class entry for parcels where the 

survey was conducted. 

 Step 2 – Use survey results and valid ParcelQuest records (i.e., entries 

consistent with Marshall & Swift) to identify the distribution. 

 Step 3 – Use @RISK software to populate discrete entries for parcels 

without a structure class (based on the random number, originally used 

to select the parcels for field survey, in an ascending order).  The 

discrete probability is based on a normal distribution.
7
 

 Step 4 – Rank the parcels with no structure class entry in ascending 

order based on the random number originally used to select the parcels 

for field survey. 

 Step 5 – Assign the populated structure class to these parcels. 

Structure Quality Class 

In the ParcelQuest database, some parcels had an entry for the structure 

quality class in numerical values (from zero to 10) that did not match 

definitions from Marshall & Swift.  Also, some of the parcels did not have 

an entry for structure quality class.  For each county, @RISK was used to 

populate parcels that were missing structure quality class entries, as 

follows: 

 Step 1 – For surveyed parcels with a ParcelQuest entry for structure 

quality class, correlate the structure quality in the Marshall & Swift 

scale to the ParcelQuest numerical entry (e.g., for Butte County, 

“cheap/minimal” for zero through 2, “low cost” for 2.5 through 3.5, 

“average” for 4 through 7.5, “good” for 8 through 9, and “excellent” for 

9.5 and 10). 

 Step 2 – For parcels with a numerical entry for structure quality class, 

identify the corresponding Marshall & Swift quality. 

 Step 3 – Use the survey results and the translated Marshall & Swift 

quality to identify the distribution. 

 Step 4 – Use @RISK software to populate discrete entries for parcels 

without a quality class (based on the random number, originally used to 

select the parcels for field survey, in an ascending order).  The discrete 

probability is based on a normal distribution. 

                                                        
7
 All mobile homes were assigned a “D” building class to accurately reflect mobile home 
construction. 
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 Step 5 – Rank the parcels without a quality entry in an ascending order 

based on the random number originally used to select the parcels for 

field survey. 

 Step 6 – Assign the populated structure quality class to these parcels. 

Number of Stories 

In the ParcelQuest database, some of the parcels do not have an entry for 

the number of stories.  For each county, @RISK was used to populate the 

parcels that were missing number of stories data, as follows: 

 Step 1 – Add or modify the number of stories entries for parcels where 

the survey was conducted. 

 Step 2 – Use the survey results and available ParcelQuest records to 

identify the distribution. 

 Step 3 – Use @RISK software to populate discrete entries for parcels 

without the stories class (based on the random number in an ascending 

order).  The discrete probability is based on a normal distribution. 

 Step 4 – Rank the parcels without the number of stories entry in an 

ascending order based on the random number, originally used to select 

the parcels for field survey. 

 Step 5 – Assign the populated number of stories to these parcels. 

Depreciation Percentage 

In the ParcelQuest database, no parcels have an attribute for depreciation.  

For each county, @RISK was used to populate the depreciation attribute 

for parcels for which no survey was conducted as follows: 

 Step 1 – Add depreciation entry for parcels for which a survey was 

conducted. 

 Step 2 – Use survey values to identify the distribution with an 

increment of 5 percent. 

 Step 3 – Use @RISK software to populate discrete entries for parcels 

without depreciation (based on the random number, originally used to 

select the parcels for field survey, in an ascending order).  The discrete 

probability is based on a normal distribution. 
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 Step 4 – Rank parcels without a depreciation entry in an ascending 

order based on the random number originally used to select the parcels 

for field survey. 

 Step 5 – Assign the populated depreciation to these parcels. 

Foundation Height 

In the ParcelQuest database, there is no attribute for foundation height for 

all parcels.  For each county, @RISK was used to populate the foundation 

height for parcels for which no survey was conducted as follows: 

 Step 1 – Add a foundation height entry for parcels for which a survey 

was conducted. 

 Step 2 – Use the survey values to identify the distribution with an 

increment of 0.5 feet. 

 Step 3 – Use @RISK software to populate discrete entries for parcels 

without a foundation height (based on the random number, originally 

used to select the parcels for field survey, in an ascending order).  The 

discrete probability is based on a normal distribution. 

 Step 4 – Rank parcels without a foundation height entry in an 

ascending order based on the random number originally used to select 

the parcels for field survey. 

 Step 5 – Assign the populated foundation height to these parcels. 

3.7.4 Building Cost per Square Foot 

For the CVFPP economic evaluation, the cost per square foot of a new 

building was identified based on a combination of its occupancy type, 

construction class, and structure quality, and the October 2010 price level 

of the cost per square foot.  This price level was developed from the third 

quarter, October 2010, edition of Marshall & Swift and was adjusted based 

on the current cost multiplier and local multiplier.
8
  Appendix B documents 

the costs per square foot for all buildings applicable to the CVFPP analysis.  

Table 3-8 is an excerpt of the M&S table for the commercial retail 

occupancy type. 

  

                                                        
8
 Aggregate California local multiplier was used to bring prices to October 2010 levels in all 
impact areas because Marshall Valuation Service does not provide local multipliers for 
every locality within the CVFPP planning areas. 
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Table 3-8.  Excerpt of Marshall & Swift Table for Commercial Retail 
Occupancy Type – Building Cost per Square Foot 

Structure 
Class 

Construction Quality 

Excellent Good Average 
Low 
Cost 

Cheap/ 

Minimal 

A $147.44 $110.63 $87.06 $66.18 N/A 

B $144.68 $107.96 $84.60 $63.97 N/A 

C $122.02 $90.08 $68.44 $49.27 N/A 

D $118.63 $87.07 $65.84 $47.07 N/A 

S N/A $85.05 $63.15 $44.22 N/A 

Sources: M&S 2010a  

Note: Expiration Date: April 2010 
Key: N/A = not available 

Since @Risk was used to populate data not available from the original 

ParcelQuest database, a combination of populated features might result in a 

structure that cannot be identified by Marshall & Swift.  In such cases, unit 

cost for structures with features closest to the combination was used to 

represent the unit cost.  For example, if populating data with @Risk 

resulted in an auto facility (commercial category) of Class A in 

construction and low cost in construction quality, such a structure cannot 

be identified in the Marshall Valuation Service.  Therefore, the unit cost for 

an auto facility of Class A in construction and average in construction 

quality was used (Table 3-9) to represent an auto facility of Class A in 

construction and low cost in construction quality. 

For each of the five structure categories, the cost-per-square-foot values for 

miscellaneous buildings were determined by taking the average cost per 

square foot of their respective categories in the entire river basin.  For 

example, the cost per square foot for miscellaneous commercial buildings 

in Sacramento County was determined by taking the average cost per 

square foot of all commercial buildings in the Sacramento River Basin. 

3.7.5 Estimate of Structure and Contents Value 

After identifying the cost per square foot for new construction, the structure 

value was estimated by multiplying the per-square-foot cost by the total 

square footage of the building.  The depreciated replacement value was 

calculated by deducting the depreciation percentage from the structure 

value as new. 

The contents value inside of the structure was estimated in HEC-FDA as a 

function of the structure value, by multiplying the depreciated replacement 

value by the contents-to-structure ratio.  These ratios were from the 
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USACE American River Watershed Project, Folsom Dam Modifications 

and Folsom Dam Raise Project Final Economic Reevaluation Report 

(USACE, 2008b).  Because of the nature of the building usage, this 

contents-to-structure ratio varies with occupancy type, as shown in Table 

3-10. 

Table 3-9.  Modified Cost per Square Foot for Commercial Auto 
Facility 

Structure 
Class 

Construction Quality 

Excellent Good Average 
Low 
Cost 

Cheap/ 

Minimal 

A N/A N/A $70.38 $70.38* N/A 

B N/A N/A $70.38 N/A N/A 

C $92.93 $65.37 $47.31 $34.42 N/A 

D N/A $56.85 $41.65 $30.68 N/A 

S N/A $55.47 $40.10 $29.15 N/A 

Sources: M&S 2010a 

Notes: 
* Number for Class A and average construction quality was used to represent this 
category because a structure of this category cannot be identified in Marshall 

Valuation Service.  Expiration Date: January 2012 

Key: 

N/A = Not available 

The structure and contents values of buildings in the Sacramento River 

Basin are shown in Tables 3-11 and 3-12, respectively.  In the Sacramento 

River Basin, SAC63 (Sacramento South) has the highest structure values 

($15.1 billion) and contents values ($7.7 billion), followed by SAC36 

(Natomas) and SAC25 (Yuba City).  Total structure and contents values in 

the Sacramento River Basin are $33.2 billion and $17.2 billion, 

respectively. 

The structure and contents values of structures in the San Joaquin River 

Basin are shown in Tables 3-13 and 3-14, respectively.  In the San Joaquin 

River Basin, SJ34 (French Camp) has the highest structure values ($778 

million) and contents values ($395 million), followed by SJ33 

(Lathrop/Sharpe) with $667 million in structure values and $341 million in 

contents values.  Total structure and contents values in the San Joaquin 

River Basin are $2.9 billion and $1.6 billion, respectively. 

The structure and contents values of structures in the Stockton area are 

included in Tables 3-13 and 3-14, respectively.  In the Stockton area, 

STK10 has the highest structure values ($3.1 billion) and contents values 

($1.6 billion).  Total structure and contents values in the Stockton area are 

$7.0 billion and $3.6 billion, respectively. 
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3.7.6 Structure and Contents Damage Function 

To determine structure and contents damages under different flood depths, 

HEC-FDA selects a damage function based on the number of stories and 

occupancy type of a building.  The damage percent is then identified based 

on the water depth above the foundation of the building (positive represents 

a water depth higher than the foundation and vice versa).  Figure 3-9 is an 

example of the structure damage functions for a one-story public 

recreational building; the greater the water depth, the larger the percent of 

structure damage.  The contents value of the building is calculated in a 

similar manner, but the damage function is used for structure contents.  

Appendix C documents the structure damage functions, as well as contents 

damage functions, for this CVFPP economic flood damage analysis.  These 

damage functions are from the USACE American River Watershed Project, 

Folsom Dam Modifications and Folsom Dam Raise Project Final 

Economic Reevaluation Report (USACE, 2008b). 
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Table 3-10.  Contents-to-Structure Ratio 

Occupancy 
Type 

Description Ratio 
Occupancy 

Type 
Description Ratio 

C-RET1 Retail – one-story 51% I-LT1 
Light industrial – one-
story 

188% 

C-RET2 Retail – two-story 47% I-LT2 
Light industrial – two-
story 

126% 

C-DEAL1 
Full service auto 
dealership - one-story 

69% I-HV1 
Heavy manufacturer – 
one-story 

31% 

C-DEAL2 
Full service auto 
dealership - two-story 

69% I-HV2 
Heavy manufacturer – 
two-story 

20% 

C-FURN1 Furniture store – one-story 55% I-WH1 Warehouse – one-story 89% 

C-FURN2 Furniture store – two-story 36% I-WH2 Warehouse – two-story 85% 

C-HOS1 Hospital – one-story 92% P-CH1 Church – one-story 20% 

C-HOS2 Hospital – two-story 87% P-CH2 Church – two-story 17% 

C-AUTO1 Auto sales – one-story 62% P-GOV1 
Government building – 
one-story 

35% 

C-AUTO2 Auto sales – two-story 62% P-GOV2 
Government building – 
two-story 

26% 

C-HOTEL1 Hotel – one-story 69% P-REC1 
Recreation/assembly – 
one-story 

132% 

C-HOTEL2 Hotel – two-story 69% P-REC2 
Recreation/assembly – 
two-story 

58% 

C-FOOD1 Food-retail – one-story 42% P-SCH1 School – one-story 38% 

C-FOOD2 Food-retail – two-story 43% P-SCH2 School – two-story 32% 

C-RESTFF1 
Fast food restaurant – one-
story 

42% SFRB1 
Single-family – one-
story with basement 

50% 

C-RESTFF2 
Fast food restaurant – two-
story 

42% SFRB2 
Single-family – two-story 
with basement 

50% 

C-GROC1 Grocery store – one-story 106% SFRBS 
Single-family split with 
basement 

50% 

C-GROC2 Grocery store – two-story 106% SFR1 
Single-family – one-
story 

50% 

C-MED1 Medical – one-story 148% SFR2 Single-family – two-story 50% 

C-MED2 Medical – two-story 121% SFRS Single-family split 50% 

C-OFF1 Office – one-story 34% MFR1 Multi-family – one-story 50% 

C-OFF2 Office – two-story 28% MFR2 Multi-family – two-story 50% 

C-SHOP1 
Shopping center – one-
story 

67% MH Mobile Home 50% 

C-SHOP2 
Shopping center – two-
story 

54% MISC-COM1 
Miscellaneous 
commercial – one-story 

* 

C-REST1 Restaurant – one-story 134% MISC-COM2 
Miscellaneous 
commercial – two-story 

* 

C-REST2 Restaurant – two-story 118% MISC-IND1 
Miscellaneous industrial 
– one-Story 

* 
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Table 3-10.  Contents-to-Structure Ratio (contd.) 

Occupancy 
Type 

Description Ratio 
Occupancy 

Type 
Description Ratio 

C-SERV1 Auto service – one-story 193% MISC-IND2 
Miscellaneous industrial 
– two-story 

* 

C-SERV2 Auto service – two-story 193% MISC-PUB1 
Miscellaneous public – 
one-story 

* 

ELDER1* 
Miscellaneous commercial 
– one-story 

* MISC-PUB2 
Miscellaneous public – 
two-story 

* 

ELDER2* 
Miscellaneous commercial 
two-story 

* MISC-RES1 
Miscellaneous 
residential – one-story 

* 

FIRE1 
Government building – 
one-story 

35% MISC-RES2 
Miscellaneous 
residential – two-story 

* 

FIRE2 
Government building – 
two-story 

26%    

Note: 

*Structure and contents values for miscellaneous categories are calculated based on the distribution of occupancy 
types and therefore vary between each damage area. 
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Table 3-11.  Structure Depreciated Replacement Values in 2010 October 
$1,000 – Sacramento River Basin 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SAC01 
Woodson Bridge 
East 

788 583 0 10,328 11,699 

SAC02 
Woodson Bridge 
West 

616 157 0 4,089 4,862 

SAC03 Hamilton City 6,757 0 4,033 33,539 44,330 

SAC04 Capay 602 1,604 5,971 1,406 9,582 

SAC05 Butte Basin 377 2,878 5,952 21,713 30,920 

SAC06 Butte City 1,135 25 0 1,857 3,017 

SAC07 Colusa Basin North 8,373 1,399 15,649 51,392 76,814 

SAC08 Colusa 41,522 1,780 10,174 143,530 197,006 

SAC09 Colusa Basin South 3,802 7,110 10,556 39,095 60,563 

SAC10 Grimes 1,117 0 983 6,723 8,823 

SAC11 RD 1500 West 1,259 654 4,090 7,118 13,120 

SAC12 Sycamore Slough 0 0 0 131 131 

SAC13 Knight's Landing 10,215 5,316 1,596 36,091 53,219 

SAC14 Ridge Cut (North) 0 0 30 138 169 

SAC15 Ridge Cut (South) 0 0 0 1,020 1,020 

SAC16 RD 2035 315 14,691 1,139 7,077 23,222 

SAC17 East of Davis 944 3,070 3,403 187,435 194,852 

SAC18 Upper Honcut 1,302 55 0 11,908 13,265 

SAC20 Gridley 51,396 12,784 546 188,162 252,889 

SAC21 Sutter Buttes East 9,172 32,208 11,964 137,974 191,318 

SAC22 Live Oak 11,916 4,882 23,333 188,644 228,775 

SAC23 Lower Honcut 104 3,319 2,432 41,692 47,546 

SAC24 Levee District No.1 8,011 2,286 21,322 162,809 194,429 

SAC25 Yuba City 384,626 89,143 108,676 2,062,691 2,645,136 

SAC26 Marysville 58,704 18,512 32,344 280,785 390,345 

SAC27 Linda-Olivehurst 88,435 21,974 15,834 670,612 796,855 

SAC28 RD 784 2,460 344 5,128 312,281 320,214 

SAC29 Best Slough 161 36 924 13,005 14,126 

SAC30 RD 1001 1,037 1,387 13,072 28,272 43,768 

SAC32 RD 70-1660 0 808 4,452 11,377 16,637 

SAC33 Meridian 594 681 881 8,397 10,552 

SAC34 RD 1500 East 1,599 1,849 6,054 7,272 16,773 

SAC35 Elkhorn 414 0 655 3,857 4,926 

SAC36 Natomas 166,186 84,924 752,590 2,628,562 3,632,262 

SAC37 Rio Linda 19,253 58,460 347,938 519,191 944,843 

SAC38 West Sacramento 281,448 432,103 17,229 523,871 1,254,650 
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Table 3-11.  Structure Depreciated Replacement Values in 2010 October  
$1,000 – Sacramento River Basin (contd.) 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SAC39 RD 900 17,667 53,677 7,721 1,062,248 1,141,313 

SAC40 Sacramento North 377,472  161,251  608,956  1,258,308  2,405,988  

SAC41 RD 302 0 0 598 3,272 3,870 

SAC42 RD 999 1,821 2,755 192 15,408 20,176 

SAC43 Clarksburg 6,928 2,770 527 20,545 30,770 

SAC44 Stone Lake 31,858 5,271 331,873 1,707,428 2,076,430 

SAC45 Hood 963 4,545 14,635 4,814 24,957 

SAC46 Merritt Island 0 0 0 5,426 5,426 

SAC47 RD 551 0 4,637 7,721 5,697 18,055 

SAC48 Courtland 2,055 1,619 10,496 5,657 19,828 

SAC49 Sutter Island 0 0 1,831 1,110 2,941 

SAC50 Grand Island 3,396 362 12,826 31,795 48,378 

SAC51 Locke 7,550 768 32,644 3,160 44,123 

SAC52 Walnut Grove 14,123 6,566 34,266 8,897 63,853 

SAC53 Tyler Island 436 2,583 1,162 376 4,557 

SAC54 Andrus Island 26,197 6,790 82,877 32,346 148,209 

SAC55 Ryer Island 0 0 73 5,013 5,086 

SAC56 Prospect Island 0 0 253 0 253 

SAC57 Twitchell Island 0 0 13,479 375 13,854 

SAC58 Sherman Island 343 0 49,147 3,100 52,589 

SAC59 Moore 0 0 4 3,258 3,262 

SAC60 Cache Slough 0 1,025 99 3,203 4,327 

SAC61 Hastings 0 0 0 578 578 

SAC62 Lindsey Slough 3,806 9,487 956 166,792 181,040 

SAC63 Sacramento South 1,502,804  792,463  3,398,289  9,431,240  15,124,796  

Grand Total 
Commercial Industrial Public Residential Total 

3,162,059 1,861,594 6,039,573 22,134,088 33,197,315 

Key: 

RD = Reclamation District 
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Table 3-12.  Building Contents Costs in 2010 October $1,000 – Sacramento River Basin 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SAC01 
Woodson Bridge 
East 

535 221 0 5,164 5,920 

SAC02 
Woodson Bridge 
West 

334 295 0 2,045 2,674 

SAC03 Hamilton City 4,262 0 1,550 16,769 22,582 

SAC04 Capay 309 1,196 2,295 703 4,503 

SAC05 Butte Basin 257 710 2,599 10,856 14,423 

SAC06 Butte City 764 22 0 929 1,715 

SAC07 Colusa Basin North 4,813 2,536 7,386 25,696 40,430 

SAC08 Colusa 25,535 3,124 3,203 71,765 103,627 

SAC09 Colusa Basin South 2,224 10,751 4,350 19,547 36,872 

SAC10 Grimes 835 0 323 3,361 4,519 

SAC11 RD 1500 West 647 715 1,360 3,559 6,281 

SAC12 Sycamore Slough 0 0 0 65 65 

SAC13 Knight's Landing 8,010 5,547 1,082 18,046 32,685 

SAC14 Ridge Cut (North) 0 0 40 69 109 

SAC15 Ridge Cut (South) 0 0 0 510 510 

SAC16 RD 2035 107 13,200 638 3,539 17,483 

SAC17 East of Davis 1,059 5,713 1,715 93,718 102,205 

SAC18 Upper Honcut 1,240 17 0 5,954 7,211 

SAC20 Gridley 46,918 7,526 510 94,081 149,035 

SAC21 Sutter Buttes East 6,422 11,927 4,617 68,987 91,953 

SAC22 Live Oak 6,847 4,176 7,497 94,322 112,842 

SAC23 Lower Honcut 69 5,778 798 20,846 27,491 

SAC24 Levee District No.1 4,320 1,962 7,866 81,405 95,553 

SAC25 Yuba City 201,399 94,602 36,449 1,031,345 1,363,795 

SAC26 Marysville 37,883 22,315 12,189 140,392 212,780 

SAC27 Linda-Olivehurst 41,889 17,991 7,485 334,969 402,334 

SAC28 RD 784 1,649 494 1,735 156,141 160,019 

SAC29 Best Slough 70 45 542 6,503 7,159 

SAC30 RD 1001 543 1,013 4,710 14,136 20,401 

SAC32 RD 70-1660 0 1,177 1,552 5,689 8,418 

SAC33 Meridian 625 584 484 4,198 5,892 

SAC34 RD 1500 East 789 1,586 2,078 3,636 8,090 

SAC35 Elkhorn 194 0 516 1,929 2,639 

SAC36 Natomas 89,538 87,252 335,047 1,314,281 1,826,117 

SAC37 Rio Linda 13,455 70,446 111,094 259,596 454,591 

SAC38 West Sacramento 199,776 451,815 8,779 261,935 922,304 
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Table 3-12.  Building Contents Costs in 2010 October $1,000 – Sacramento  
River Basin (contd.) 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SAC39 RD 900 12,533 51,074 6,481 531,124 601,212 

SAC40 Sacramento North 204,151 208,392 211,411 629,154 1,253,107 

SAC41 RD 302 0 0 237 1,636 1,873 

SAC42 RD 999 1,099 4,828 67 7,704 13,698 

SAC43 Clarksburg 4,784 2,961 256 10,272 18,274 

SAC44 Stone Lake 18,076 5,496 157,399 853,714 1,034,686 

SAC45 Hood 405 7,552 4,298 2,407 14,661 

SAC46 Merritt Island 0 0 0 2,713 2,713 

SAC47 RD 551 0 4,569 2,521 2,848 9,938 

SAC48 Courtland 2,415 2,264 3,647 2,829 11,155 

SAC49 Sutter Island 0 0 639 555 1,194 

SAC50 Grand Island 3,038 680 3,810 15,897 23,424 

SAC51 Locke 3,868 767 12,148 1,580 18,363 

SAC52 Walnut Grove 7,500 7,850 13,232 4,449 33,030 

SAC53 Tyler Island 214 3,213 399 188 4,014 

SAC54 Andrus Island 14,316 10,876 25,387 16,173 66,752 

SAC55 Ryer Island 0 0 25 2,506 2,532 

SAC56 Prospect Island 0 0 88 0 88 

SAC57 Twitchell Island 0 0 4,666 187 4,854 

SAC58 Sherman Island 149 0 15,720 1,550 17,419 

SAC59 Moore 0 0 1 1,629 1,630 

SAC60 Cache Slough 0 1,924 71 1,601 3,596 

SAC61 Hastings 0 0 0 289 289 

SAC62 Lindsey Slough 1,897 15,765 334 83,396 101,392 

SAC63 Sacramento South 848,709 1,014,337 1,122,307 4,715,620 7,700,973 

Grand Total 
Commercial Industrial Public Residential Total 

1,826,469 2,167,284 2,155,632 11,066,707 17,216,093 

Note: 
RD = Reclamation District 
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Table 3-13.  Structure Depreciated Replacement Values in 2010 October $1,000 – San 
Joaquin River Basin and Stockton Area 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SJ01 Fresno 3,494 20,646 2,383 51,653 78,175 

SJ02 Fresno Slough East 0 3,314 1,050 8,574 12,938 

SJ03 Fresno Slough West 427 0 0 3,554 3,981 

SJ04 Mendota 569 3,961 516 22,300 27,347 

SJ05 Chowchilla Bypass 0 0 0 3,221 3,221 

SJ06 Lone Willow Slough 0 0 0 10,794 10,794 

SJ07 Mendota North 0 0 0 531 531 

SJ08 Firebaugh 16,000 4,990 4,773 106,881 132,645 

SJ09 Salt Slough 2,898 1,927 36,762 81,569 123,156 

SJ10 Dos Palos 8,778 368 10,898 68,998 89,043 

SJ11 Fresno River 0 0 0 506 506 

SJ12 Berenda Slough 61 863 0 12,159 13,083 

SJ13 Ash Slough 16 590 0 5,946 6,553 

SJ14 Sandy Mush 0 0 1,216 1,117 2,333 

SJ15 Turner Island 0 0 0 1,900 1,900 

SJ16 Bear Creek 98 85 1,218 3,474 4,876 

SJ17 Deep Slough 0 0 1,095 557 1,652 

SJ18 West Bear Creek 0 0 7,871 0 7,871 

SJ19 Fremont Ford 98 689 1,636 12,420 14,844 

SJ20 Merced River 0 499 1,519 9,333 11,352 

SJ21 Merced River North 91 3,204 1,689 35,451 40,436 

SJ22 Orestimba 257 160 1,675 19,474 21,566 

SJ23 Tuolumne South 0 0 723 4,887 5,610 

SJ24 Tuolumne River 2,978 1,944 462 38,262 43,646 

SJ25 Modesto 12,218 119,673 7,568 178,699 318,158 

SJ26 Three Amigos 427 0 511 2,213 3,150 

SJ27 Stanislaus South 0 0 1,688 4,759 6,446 

SJ28 Stanislaus North 1,886 112 3,076 122,176 127,249 

SJ29 Banta Carbona 65 158 732 19,630 20,585 

SJ30 Paradise Cut 479 262 465 14,109 15,315 

SJ31 Stewart Tract 648 34 305 459 1,446 

SJ32 East Lathrop 2,981 2,609 468 4,159 10,217 

SJ33 Lathrop/Sharpe 16,618 3,609 6,073 640,822 667,121 

SJ34 French Camp 8,524 2,204 2,049 765,390 778,167 

SJ35 Moss Tract 7,238 3,641 1,150 250,731 262,759 

SJ36 Roberts Island 0 45 763 11,123 11,931 
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Table 3-13.  Structure Depreciated Replacement Values in 2010 October $1,000 – San 
Joaquin River Basin and Stockton Area (contd.) 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SJ37 
Rough and Ready 
Island 

0 106 245 0 351 

SJ38 Drexler Tract 559 34 69 1,562 2,224 

SJ39 Union Island 0 86 182 2,310 2,578 

SJ40 Union Island Toe 0 0 0 795 795 

SJ41 Fabian Tract 516 0 210 1,340 2,066 

SJ42 RD 1007 14,693 864 2,161 20,377 38,094 

SJ43 Grayson 179 0 515 11,640 12,334 

STK01 Lower Roberts Island 0 36  4,357 2,865 7,259 

STK06 Stockton East 2,322  2,959  38,781 11,129 20,227 

STK07 Calaveras River 88,182  529  38,049 1,783,018 1,909,778 

STK08 Bear Creek South 6,267  457  23,003 1,146,374 1,176,100 

STK09 Bear Creek North 3,594  653  37,744 757,570 799,562 

STK10 Central Stockton 186,179  42,523  150,746 2,682,835 3,062,284 

Grand Total: 
Commercial Industrial Public Residential Total 

389,340 223,834 396,396 8,939,646 9,914,255 

Note: 
RD = Reclamation District 
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Table 3-14.  Building Contents Costs in 2010 October $1,000 – San Joaquin River Basin 
and Stockton Area 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SJ01 Fresno 1,920 38,635 2,970 25,826 69,352 

SJ02 Fresno Slough East 0 6,220 1,389 4,287 11,895 

SJ03 Fresno Slough West 219 0 0 1,777 1,997 

SJ04 Mendota 302 3,544 104 11,150 15,100 

SJ05 Chowchilla Bypass 0 0 0 1,611 1,611 

SJ06 Lone Willow Slough 0 0 0 5,397 5,397 

SJ07 Mendota North 0 0 0 265 265 

SJ08 Firebaugh 9,556 5,972 1,361 53,441 70,329 

SJ09 Salt Slough 1,483 3,164 22,705 40,784 68,135 

SJ10 Dos Palos 4,553 662 3,624 34,499 43,338 

SJ11 Fresno River 0 0 0 253 253 

SJ12 Berenda Slough 65 1,374 0 6,080 7,519 

SJ13 Ash Slough 31 1,107 0 2,973 4,112 

SJ14 Sandy Mush 0 0 491 559 1,050 

SJ15 Turner Island 0 0 0 950 950 

SJ16 Bear Creek 50 160 425 1,737 2,373 

SJ17 Deep Slough 0 0 441 278 719 

SJ18 West Bear Creek 0 0 2,746 0 2,746 

SJ19 Fremont Ford 50 1,294 571 6,210 8,125 

SJ20 Merced River 0 937 530 4,667 6,134 

SJ21 Merced River North 47 2,733 576 17,725 21,081 

SJ22 Orestimba 167 300 620 9,737 10,825 

SJ23 Tuolumne South 0 0 328 2,443 2,771 

SJ24 Tuolumne River 2,655 609 144 19,131 22,538 

SJ25 Modesto 12,294 123,435 2,661 89,349 227,739 

SJ26 Three Amigos 189 0 178 1,106 1,474 

SJ27 Stanislaus South 0 0 589 2,379 2,968 

SJ28 Stanislaus North 1,164 186 1,386 61,088 63,824 

SJ29 Banta Carbona 57 267 358 9,815 10,496 

SJ30 Paradise Cut 271 492 263 7,055 8,081 

SJ31 Stewart Tract 596 28 135 229 989 

SJ32 East Lathrop 3,658 4,348 166 2,080 10,251 

SJ33 Lathrop/Sharpe 14,152 4,083 2,358 320,411 341,004 

SJ34 French Camp 7,786 3,736 889 382,695 395,107 

SJ35 Moss Tract 6,968 5,396 436 125,365 138,164 

SJ36 Roberts Island 0 40 436 5,562 6,037 

SJ37 
Rough and Ready 
Island 

0 139 81 0 220 
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Table 3-14.  Building Contents Costs in 2010 October $1,000 – San 
Joaquin River Basin and Stockton Area (contd.) 

Damage 
Area 

Description Commercial Industrial Public Residential Total 

SJ38 Drexler Tract 644 30 24 781 1,479 

SJ39 Union Island 0 161 67 1,155 1,382 

SJ40 Union Island Toe 0 0 0 397 397 

SJ41 Fabian Tract 503 0 188 670 1,360 

SJ42 RD 1007 10,181 1,411 1,087 10,188 22,867 

SJ43 Grayson 185 0 168 5,820 6,173 

STK01 Lower Roberts Island 0 68 1,499 1,433 3,000 

STK06 Stockton East 2,775 4,481 1,476 5,565 14,298 

STK07 Calaveras River 39,710 518 25,034 891,509 956,771 

STK08 Bear Creek South 4,898 686 11,080 573,187 589,850 

STK09 Bear Creek North 2,036 870 20,758 378,785 402,447 

STK10 Central Stockton 154,353 59,899 68,055 1,341,417 1,623,724 

 
Commercial Industrial Public Residential Total 

Grand Total  283,516 276,985 178,397 4,469,821 5,208,718 

Note: 
RD = Reclamation District 

 
Figure 3-9.  Damage Functions for Contents and 
Structures of One-Story Public Recreational Buildings 
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3.8 Crop Flood Damage Analysis 

Of the total 2.2 million acres of the CVFPP HEC-FDA planning area 

(floodplains) in the Sacramento and San Joaquin river basins, about 1.6 

million acres are irrigated crop land.  Crop flood damages under the 

CVFPP No Project condition were evaluated using the same approach as in 

the Comprehensive Study (i.e., using the Comprehensive Study Ag damage 

spreadsheet as the tool to estimate damage values for the Sacramento and 

San Joaquin river basins (USACE, 2010b).  Flood events evaluated were 

for AEPs of 10, 2, 1, .5, and .2 percent (i.e., 10-, 50-, 100-, 200-, and 500-

year floods). 

In the Comprehensive Study Ag damage spreadsheet, a table for each 

HEC-FDA damage area calculates crop flood damage (USACE, 2010b).  

The May 2010 DWR GIS landuse dataset for Central Valley landuse 

conditions was laid over the derived flood depth grid (the same dataset 

used for the structure damage analysis and derived from the 

Comprehensive Study flood depth grid data, as described previously) to 

calculate total inundated acreage for different crops under each flood event.  

The Comprehensive Study Ag damage spreadsheet was next used to 

estimate total damages for each damage area by multiplying the inundated 

acreages with the updated unit damage cost for each flood event.  Outputs 

from the spreadsheet were used as input to HEC-FDA to calculate the EAD 

for crop damages. 

For each damage area, the crop stage-damage curve for the CVFPP No 

Project condition was developed based on the relationship between river 

stage at the index point (from UNET output and applied in structure 

damage analysis) and total crop damage for the entire damage area under 

different flood events.  The No Project crop stage-damage curves were 

applied in HEC-FDA to calculate the crop damage EAD for all CVFPP 

approaches based on the assumption that this interior-exterior relationship 

remains independent of conditions such as hydrology and levee 

performance. 

3.8.1 Crop Types 

The DWR GIS landuse dataset has a total of 204 different classes of 

agricultural land use, 117 of which can be found in the CVFPP HEC-FDA 

damage areas.  These 117 classes were then categorized into eight land uses 

that could produce 20 different types of crops (see Table 3-15).  (In the 

original Comprehensive Study Ag damage spreadsheet for the Sacramento 

and San Joaquin river basins, there were 19 predominant crop types 

(USACE, 2010b).  For the CVFPP, citrus was added for a total of 20 crop 

types.)  Appendix D documents the complete designation of the DWR 
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landuse classes to the 20 crops for the CVFPP economic flood damage 

analysis. 

For each of the 20 crop types, there are two kinds of unit damage cost per 

acre: one for short-term flood duration (shorter than five days) and one for 

long-term flood duration (longer than five days).  Weighted unit damage 

cost per acre was developed based on the assumed percentage of short- and 

long-term inundation.  Flood duration assumptions were from the 

Comprehensive Study Ag damage spreadsheet (USACE, 2010). 

3.8.2 Crop Assumptions Update 

Values in the Comprehensive Study Ag damage spreadsheets were in 2001 

October dollars; they were updated to present day dollars (i.e., 2010 

October dollars) for the CVFPP using the price adjustment approach 

outlined in the DWR Flood Rapid Assessment Model (F-RAM) 

Development (DWR, 2008).  Also, as mentioned, citrus was added to the 

original Comprehensive Study predominant crop list for a total of 20 crop 

types; thus, income and damage assumptions were developed to calculate 

unit damages for citrus. 

Components of Crop Damage 

Estimates of agricultural damages include cultivation costs (growing costs), 

harvest costs, establishment costs, land cleanup and rehabilitation costs, 

and loss of gross income: 

 Cultivation costs were obtained from the University of California, 

Davis (UC Davis), Department of Agricultural and Resource 

Economics.  These typically include costs such as subsoil treatment, 

irrigation, weed control, pest control, and fertilization, as well as other 

costs that are more crop-specific (UC Davis, 2010). 

 Harvest/post-harvest costs were obtained from the UC Davis 

Department of Agricultural and Resource Economics.  These include 

costs related to harvesting, and typically include costs such as cutting, 

hauling, and packing (UC Davis, 2010). 

 Establishment costs were obtained from the UC Davis Department of 

Agriculture and Resource Economics.  These are costs necessary to 

completely reestablish a crop that has been severely damaged (e.g., if a 

flood duration is longer than five days for some crops or three days for 

alfalfa) and must be replanted or reseeded and regrown.  Establishment 

costs would be especially high for crops that need more than one year 

to mature in order to be harvested, such as orchard crops.  

Establishment costs typically include expenses such as land 

preparation, planting, production expenses, and cash overhead for 
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growing the crops through the first year of viable harvest (UC Davis, 

2010). 

 Land cleanup and rehabilitation costs are added as a fixed cost to each 

estimate.  These costs are assumed to be the same for all crops (UC 

Davis, 2010). 

 

Table 3-15.  Crop Types and Unit Damage Costs for CVFPP Flood 
Damage Analysis 

Crop Types Products 

Sacramento 
Valley 

(damage/acre in 
2010 October 

dollars) 

San Joaquin 
Valley 

(damage/acre in 
2010 October 

dollars) 

Short-
Term

1
 

Long-
Term

2
 

Short-
Term

1
 

Long-
Term

2
 

Citrus Oranges 222 3,463 222 3,463 

Fruit and 
Nuts 

Almonds 1,320 4,819 1,387 4,819 

Walnuts 739 4,120 820 4,176 

Peaches 1,257 6,181 1,381 6,425 

Pears 2,514 9,777 2,619 9,917 

Prunes 594 4,819 684 4,889 

Field 

Cotton 497 497 654 654 

Beans 342 363 397 448 

Safflower 337 373 387 427 

Wheat 489 508 506 511 

Corn 361 361 391 391 

Pasture and 
Alfalfa 

Pasture 419 698 394 752 

Alfalfa 547 1,057 608 1,085 

Rice Rice 323 323 372 376 

Truck 
Melons 652 652 700 700 

Tomatoes 947 947 1,205 1,205 

Vine Wine grapes 824 6,076 905 6,285 

Other 

Idle 291 291 291 291 

Semi agricultural 291 291 291 291 

Native vegetation 145 145 145 145 

Notes: 
1
 Inundation shorter than 5 days.  

2
 Inundation longer than 5 days. 

Key: 

CVFPP = Central Valley Flood Protection Plan 
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 Gross income from each crop originates from the Agricultural 

Commissioner’s Report for San Joaquin County (UC Davis, 2010). 

Effects of seasonality and flooding duration are considered in the 

computation of agricultural flood damages for each crop (DWR, 2008).  

Monthly data are gathered into a weighted average annual damage estimate 

based on income, costs, probability of flood in that month, and percent of 

damages that would occur if there were a flood. 

Citrus Damage Cost Development 

The 2001 agricultural damage estimates for all crop categories, except 

citrus, were obtained from the Comprehensive Study Ag damage 

spreadsheets (USACE, 2010b).  The agricultural damage estimates for 

citrus crops were calculated using the approach outlined in the F-RAM 

Development (DWR, 2008). 

Gross income for citrus crops was estimated using the income from 

oranges; all values used were obtained from the California Agricultural 

Production Statistics, provided by the California Department of Food and 

Agriculture (CDFA, 2009a and 2009b).  The latest gross-income data 

available were for the 2007 to 2008 period. 

Cultivation cost, harvest/post-harvest cost, and establishment costs were 

obtained from UC Davis (UC AIC, 2009).  The latest agricultural cost data 

available from UC Davis was for 2009; however, the CDFA gross income 

data for 2009 were not available.  The most recent year when both the gross 

income data from CDFA and agricultural cost data from UC Davis were 

available was 2007.  These costs were updated to 2010 October dollars by 

the Prices Paid Multiplier, as described in the next section (CDFA, 2009a 

and 2009b). 

Gross income was obtained by taking the rolling average of dollar value 

per carton from 2003 to 2007 to correct for any cyclical market highs or 

lows; the average was then multiplied by the number of cartons yield per 

acre in 2007: 
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The gross income of citrus crops in 2007 was then updated to 2010 October 

dollars by the Prices Received Multiplier, as described in the next section. 

Price Level Update 

A price index is an indication of how prices have changed over time.  The 

most well-known price index is the Consumer Price Index (CPI).  

However, U.S. Department of Agriculture (USDA) indices are more 

appropriate for agriculture-specific price adjustments.  The latest USDA 

indices available were for 2010. 

USDA indices are separated into different categories.  Table 3-16 

summarizes the placement of each product in its respective USDA category 

and its multipliers for prices paid and received. 

The categories listed in Table 3-16 under Prices Paid Multiplier were used 

to adjust the estimates for (1) cultivation cost, (2) harvest/post-harvest cost, 

(3) establishment cost, and, (4) land cleanup and rehabilitation cost. 

However, USDA indices for agriculture for prices received were used to 

adjust the estimates for gross income.  USDA categories used for the price 

level update can be seen under Price Received Multiplier in Table 3-16. 

To update the dollar values from 2001 to 2010, the same price adjustment 

approach documented in the F-RAM Development was used, as 

summarized below: 

 To correct for cyclical highs or lows, a 5-year moving average was 

calculated for the indices for the period of 2006 through 2010 to 

prevent the data from being skewed when changes from 2001 to 2010 

were made.  However, price indices for the entire year of 2010 were not 

available as this work was being done.  Price indices for the month of 

April were used to match the dollar values of the housing stock. 

 The Prices Paid Multiplier and Price Received Multiplier were 

calculated using the following equation: 

 

 Unit damage cost assumptions from the Comprehensive Study Ag 

damage spreadsheets (USACE, 2010b) for all crops, except citrus, were 

adjusted from 2001 to 2010 dollars using the Prices Paid Multiplier 

only because gross income was a comparatively small part of the entire 

damage. 



 3.0 Flood Damage Analysis Methodology 

January 2012 3-49 
Public Draft 

Acreage Update 

Flood depth grid data were obtained from the Comprehensive Study 

FLO-2D modeling.  New interior-exterior stage relationships were derived 

from that data using the new exterior river stages from the CVFPP for flood 

events with AEP of 10, 4, 2, 1, .5, and .2 percent (10-, 25-, 50-, 100-, 200-, 

and 500-year return period) (the same approach described in Section 3).  

The DWR GIS landuse dataset for the Central Valley was overlaid over on 

the new flood depth grid data to calculate the total inundated acreage for 

different crops under each flood event.  Per DWR landuse data, more than 

100 different crops are grown in the SPFC Planning Area.  Each DWR crop 

type was represented by one of the 20 predominant crops types for 

analytical purposes (see Table 3-15). 

Table 3-17 shows total crop acres in the Sacramento River Basin, San 

Joaquin River Basin, and Stockton area, respectively. 

3.9 Business Loss Analysis 

Direct flood damages associated with decreased business activity (business 

losses) caused by flooding were estimated for all affected non-residential 

structures in damage areas. Flooding in damage areas would force some 

businesses to temporarily or permanently close (no permanent closures 

were considered for this analysis), resulting in a decline in business 

production. Expected annual business losses were estimated for both the 

Sacramento and San Joaquin river basins.  Flood events evaluated were for 

AEPs of 10, 2, 1, 0.5, and 0.2 percent (10-, 50-, 100-, 200-, and 500-year 

flood). 

Using the structure inventory (described previously), each non-residential 

structure occupancy type was matched to an Energy Information 

Administration (EIA) business type and associated Damage Analysis for 

PLANning (IMPLAN)
9
 sector, developed for this project, to obtain 

economic output per day values per non-residential structure (EIA, 2006; 

MIG Inc, 2009). 

 

  

                                                        
9
 2009 California County Dataset. The current IMPLAN I-O database and model is 
maintained and sold by MIG Inc. (MIG Inc., 2009) 
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Table 3-16.  Prices Received and Prices Paid Multipliers for Price Level 
Update from 2001 to October 2010 

Product 

Prices Received Prices Paid 

USDA Category 
Prices 

Received 
Multiplier 

USDA 
Category 

Prices 
Paid 

Multiplier 

Alfalfa Feed Grains and Hay 1.8308 Feed 1.5505 

Almonds Fruits and Nuts 1.3817 Commodity 1.3967 

Beans Potatoes and Dry Beans 1.3624 Commodity 1.3967 

Corn Feed Grains and Hay 1.8308 Feed 1.5505 

Cotton Cotton 1.4531 Commodity 1.3967 

Idle All Other Crops 1.1113 Commodity 1.3967 

Melons Commercial Vegetables 1.1308 Commodity 1.3967 

Native Vegetable All Other Crops 1.0716 Commodity 1.3967 

Oranges* Fruits and Nuts 0.9532 Commodity 1.0671 

Pasture Feed Grains and Hay 1.8308 Feed 1.5505 

Peaches Fruits and Nuts 1.3817 Commodity 1.3967 

Pears Fruits and Nuts 1.3817 Commodity 1.3967 

Prunes Fruits and Nuts 1.3817 Commodity 1.3967 

Rice Food Grain 2.1121 Commodity 1.3967 

Safflower Oil-Bearing Crops 1.9975 Commodity 1.3967 

Semi-ag All Other Crops 1.0716 Commodity 1.3967 

Tomatoes Commercial Vegetables 1.1308 Commodity 1.3967 

Walnuts Fruits and Nuts 1.3817 Commodity 1.3967 

Wheat Food Grain 2.1121 Commodity 1.3967 

Wine Grapes Fruits and Nuts 1.3817 Commodity 1.3967 

Source: USDA, 2010 

Note: 

* Multipliers for oranges to adjust price level from 2007 to October 2010. 
Key: 
USDA = U.S. Department of Agriculture 
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Table 3-17.  Total Crop Acres 

Crop 
Type 

Product 
Sacramento 
River Basin 

San Joaquin River 
Basin 

Stockton Area 

Citrus  

 Citrus 2,316 117 42 

Fruit and Nuts 

 Almonds 25,877 29,356 85 

Walnuts 54,491 5,761 1,996 

Peaches 19,616 494 16 

Pears 8,775 1 0 

Prunes 63,777 1,952 1,340 

Subtotal 172,536 37,563 3,437 

Field 

 Cotton 2,321 77,531 0 

Beans 33,904 13,080 620 

Safflower 62,862 10,015 2,378 

Wheat 82,437 33,406 5,275 

Corn 80,186 64,405 3,351 

Subtotal 261,709 198,438 11,624 

Pasture and Alfalfa 

 Pasture 32,934 31,279 1,040 

Alfalfa 35,159 114,797 3,703 

Subtotal 68,093 146,076 4,742 

Rice 

 Rice 284,507 80 0 

Truck 

 Melons 28,717 19,677 4,069 

Tomatoes 56,065 35,295 1,731 

Subtotal 84,782 54,972 5,801 

Vine 

 Wine grapes 13,041 34,716 2,921 

Other 

 Idle 29,912 3,392 896 

Semi-agricultural 7,258 9,071 365 

Native vegetation 153,597 180,550 3,374 

Subtotal 190,767 193,014 4,635 

Total 1,077,751 664,976 33,201 
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Each non-residential structure was matched with the corresponding grid 

from the derived flood depth grid (the same dataset that was used for the 

structure damage analysis and derived from the Comprehensive Study 

flood depth grid data as described previously) to calculate temporary 

business interruption days for each non-residential structure using a depth-

damage function (DDF) provided by the Federal Emergency Management 

Agency (FEMA). Temporary business interruption days for each non-

residential structure were then multiplied by the corresponding economic 

output per day values to calculate economic output losses per non-

residential structure per flood event. Capacity utilization factors were used 

to account for substitute production of unaffected businesses that would be 

able to meet a portion of demand for flooded businesses’ goods and 

services. The economic output losses, or business losses, for each non-

residential structure were then aggregated for each damage area for each 

flood event. 

A business loss stage-damage curve for the No Project condition was 

developed for each damage area based on the relationship of the river stage 

at the index point (from UNET output and applied in the structure damage 

analysis) and total business losses of the entire damage area under different 

flood events.  These No Project business loss stage-damage curves were 

applied in HEC-FDA to calculate the business loss EAD for all CVFPP 

approaches based on the assumptions that this interior-exterior relationship 

remains independent of conditions like hydrology and levee fragility. 

3.9.1 Business Output Relationships Based on Structure 
Inventory 

To estimate total lost business output, it was necessary to estimate the 

relationship between business output/sales and square footage of inundated 

businesses. Information used to estimate this relationship is displayed in 

Table 3-18. 

The number of workers per square foot at affected businesses was 

estimated using data from the EIA
10

. Non-residential occupancy types from 

the structure inventory (described above) were matched with EIA business 

categories, and the square footage of each business was divided by square 

feet per employee to arrive at an estimated number of employees per 

business. Then, business types were matched to IMPLAN sectors 

developed for this project, based on counties that damage area reside, and 

daily production values per employee were taken from IMPLAN per 

                                                        
10 Energy Information Administration (2006). 2003 Commercial Buildings Energy 

Consumption Survey - Building Characteristics Tables, Revised June 2006. Table B1. 
Summary Table: Total and Means of Floorspace, Number of Workers, and Hours of 
Operation for Non-Mall Buildings, 2003. 
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business type. Finally, to obtain daily economic output per business values, 

the estimates of the number of employees per business were multiplied by 

daily output per employee figures estimated in the appropriate IMPLAN 

sector for each affected business. 

3.9.2 Business Interruption Days Based on Depth Grid 

In addition to daily business output relationships, it was also necessary to 

understand the temporal implications of business interruption or days of 

“loss of function”. Business interruption is related to the time period 

businesses are unable to occupy an area and perform economic activities 

that normally would take place if flooding had not occurred. Businesses, 

like local residents, would in many cases be unable to occupy structures 

because of structural damage. Resident displacement was not considered 

for this analysis, and accordingly no change in the demand for business 

production was assumed.  

Each non-residential structure was matched with the corresponding grid 

from the derived flood depth grid (the same dataset that was used for the 

structure damage analysis and derived from the Comprehensive Study 

flood depth grid data as described previously) to calculate temporary 

business interruption days for each non-residential structure using a DDF 

provided by FEMA. Floods evaluated were for AEPs of 10, 2, 1, .5, and .2 

percent (i.e., 10-, 50-, 100-, 200-, and 500-year flood). The DDF relates 

depth of flooding to structure damage and subsequently, business 

interruption. Business interruption time includes periods for dewatering, 

mobilization, building/health inspection, and cleanup. The DDF used is 

shown in Table 3-19. 

Considering the expected flood depth above foundation height, each non-

residential structure’s number of days of business interruption was 

estimated for all five flood frequencies. Business interruption times are 

capped at 365 days for all non-residential structures to avoid 

overestimation of expected business losses. 

3.9.3 Business Loss per Flood Event and Capacity 
Utilization 

For each flood frequency, the number of business interruption days was 

multiplied by the estimated daily production value for each non-residential 

structure, which resulted in the potential lost business output for each flood 

frequency at each non-residential structure. However, it is unlikely that all 

output would be lost in each area because other businesses in the 

unaffected parts of the regions would be able to meet some portion of 

interrupted production. This includes businesses that provide comparable 

services, as well as alternative locations of the same firm within the region. 
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The extent of this substitution effect depends on the excess capacity (e.g., 

ability to increase production) of unaffected businesses in each region. 

Capacity utilization data were obtained from two sources – the Federal 

Reserve and the Institute for Supply Management. The Federal Reserve 

periodically issues a statistical release on industrial production and capacity 

utilization for the United States
11

. Historical estimates issued by the Federal 

Reserve show that capacity utilization has averaged approximately 80.4 

percent between 1972 and 2010 (i.e., industrial production operates at 80.4 

percent of maximum capacity). These data were applied to the light and 

heavy industry land use categories used in this study. For all other 

nonindustrial categories, data from the Institute of Supply Management
12

 

were used, which showed that current nonmanufacturing utilization of 

capacity is approximately 82.9 percent. 

Potential lost business output for each flood frequency at each non-

residential structure was multiplied by the corresponding capacity 

utilization factor, which resulted in business loss estimates for each non-

residential structure for each flood frequency by damage area. Finally, 

estimated business losses across all nonresidential structures were 

aggregated for each flood frequency by damage area to determine a 

business loss frequency-damage curve for each damage area. The 

frequency-damage curves were then input into HEC-FDA, and expected 

annual business losses were estimated for No Project and each approach. 

  

                                                        
11  Federal Reserve. 2011. Industrial Production and Capacity Utilization, Statistical 

Release G.17. August 16, 2011 
12  Institute for Supply Management. 2010. December 2010 Semiannual Economic 

Forecast. Available at: 
< http://www.ism.ws/about/MediaRoom/newsreleasedetail.cfm?ItemNumber=20976> 
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Table 3-18.  Employee and Output (2010 $) Relationships for Non-
Residential Categories 

Non-
Residential 
Category 

Principle Business Categories 
(EIA) 

Square 
Feet Per 

Employee 
(EIA) 

Daily 
Output Per 
Employee 
(IMPLAN) 

C-AUTO Retail (Other than Mall)   1,246 $206  

C-DEAL Retail (Other than Mall)   1,246 $206  

C-FOOD Food Sales   877 $209  

C-FURN Retail (Other than Mall)   1,246 $232  

C-GROC Food Sales   877 $209  

C-HOS Health Care; Inpatient; Outpatient   501 $356  

C-HOTEL Lodging   2,074 $265  

C-MED Health Care; Inpatient; Outpatient   501 $165  

C-OFF Office   434 $324  

C-REST Food Service   528 $159  

C-RESTFF Food Service   528 $159  

C-RET Retail (Other than Mall)   1,246 $115  

C-SERV Service   1,105 $268  

C-SHOP Retail (Enclosed / Strip Malls)   838 $156  

MISC-COM Retail (Other than Mall)   1,246 $115  

IND-HV Other   956 $835  

IND-LT Other   956 $921  

IND-WH Warehouse and Storage   2,306 $272  

MISC-IND Other   956 $272  

PUB-CH Religious Worship   2,200 $98  

PUB-GOV Public Order and Safety; Office   451 $235  

PUB-REC Public Assembly   1,645 $132  

PUB-SCH Education   791 $153  

MISC-PUB Public Assembly   1,645 $235  
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Table 3-19.  Depth-Damage Function: Depth of Flooding versus 
Business Interruption 

Depth of Flooding Relative 
to Structure FFE* (feet) 

Business Interruption 
(days) 

-2 0 

-1 0 

0 0 

1 45 

2 90 

3 135 

4 180 

5 225 

6 270 

7 315 

8 360 

9 405 

10+ 450 

Source: FEMA BCA Tool (v4.5.5)4 (FEMA, 2009) 

Note: 

*FFE is the 1st finished floor elevation. All flood depths are relative to the 
elevation of the FFE. 

3.9.4 Caveats to Business Loss Analysis 

Business losses are measured as gross business output or sales. A more 

appropriate measure of business losses is net income because functional 

downtime reduces costs as well as receipts. Though net income is a more 

appropriate measure of business losses, output per employee values used in 

this analysis are proxy estimates for net income to support approach 

comparison. At feasibility level analyses, avoided business net income 

losses will be calculated to support benefit cost evaluation. 

If a business is flooded it can (1) make up some of the lost business once it 

reopens, (2) relocate to a temporary location and continue business while 

experiencing displacement costs, or (3) go completely out of business. No 

attempt was made to include these factors in the analysis due to 

unavailability of required data and detailed analyses. 

Labor income is a component of business output losses and includes hourly 

wages as well as salary compensation. Salaried employees are likely to be 

paid during short post-disaster business interruptions. Because business 

losses include hourly wages and salary compensation, it may be the case 

that only a portion of salary compensation would be lost and business 

losses may be lower than estimated in this analysis. 
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3.10 Estimate of Emergency Costs 

Emergency costs can be categorized into 18 economic activities that are 

placed into five groups, and each group has either direct or indirect tangible 

damages.  This section gives an overview of the five groups and also 

summarizes the different types and numbers of at-risk infrastructure in the 

Systemwide Planning Area, as well as the at-risk population. 

Much has been researched and documented on direct flood damages.  

However, flood damage data for indirect damages, such as emergency 

costs, are more limited.  Expert-opinion elicitation has been one method 

used to develop emergency costs.  Under the American River Watershed 

Common Features Project, USACE conducted an expert-opinion elicitation 

in March 2009 to derive unit flooding emergency cost and relief. 

The concept of an emergency cost category is only described in this 

attachment; the associated cost calculation could be conducted in the 2017 

CVFPP economic analysis.  It is anticipated that the higher the EAD for a 

region, the emergency costs will be correspondingly higher. 

3.10.1 Emergency Cost Groups 

As mentioned, emergency costs can be categorized into 18 economic 

activities that were placed into five groups (see Table 3-20): 

 Group 1 – Evacuation activities, including evacuation, subsistence, and 

reoccupation; direct tangible damages 

 Group 2 – Debris removal and cleanup; direct tangible damages 

 Group 3 – Public services patronized, including education, public 

agencies, library and indoor recreation facilities, and medical facilities; 

direct tangible damages 

 Group 4 – Public services produced, including police, incarceration, 

fire, legislative, and judicial facilities; indirect tangible damages 

 Group 5 – Public utilities, including telecommunications, electricity, 

gas, water, and wastewater treatment/sewer; direct tangible damages 
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Table 3-20.  Emergency Cost Groups and Categories 

Economic Activities Description 

Group 1: Evacuation Activities 

1. Evacuation Cost of labor, capital, and transportation, for evacuation.  

2. Subsistence 
Cost of housing people in emergency shelters and 
providing food and water; includes housing during 
evacuation. 

3. Reoccupation 
Costs associated with travel time and transportation 
modes to preoccupied destinations. 

Group 2: Debris Removal and Cleanup 

4. Debris activities 
Cost associated with sorting, transporting, processing, 
and disposal of different types of debris. 

Group 3: Public Services Patronized 

5. Education  
Cost to continue schooling in new locations to enable 
the routine mission of education. 

6. Public agencies 
Cost to continue routine services to maintain social 
functions. 

7. Library and indoor recreation 
facilities 

Cost of loss to serving the public’s general information 
and recreational needs.  

8. Medical 

Cost to continue providing routine service to people who 
would have been injured regardless of a flood, at 
unflooded facilities.  Cost of hospital evacuation, 
disaster medical assistance team, and elder care. 

Group 4: Public Services Produced 

9. Police 
Cost to continue routine police services for flooded 
areas and cost to provide emergency flood responses, 
and relocation of facilities, if necessary. 

10. Incarceration 
Cost associated with increased security and different 
transportation modes for evacuation and reoccupation 
of inmates. 

11. Fire 
Cost to continue routine fire services for flooded areas, 
cost to provide emergency flood responses, and 
relocation of facilities, if necessary   

12. Legislative 
Costs associated with temporary facilities, increased 
security needs, and relocation of facilities, if necessary. 

13. Judicial  
Costs associated with temporary facilities, increased 
security needs, and relocation of facilities, if necessary. 

Group 5: Public Utilities 

14. Telecommunications 

Cost associated with increased use of tele-
communication equipment and services to carry out 
routine activities and flood activities. Cost of repairing 
the physical infrastructure of the telecommunications 
utility system. 
Value associated with loss of services. 

15. Electricity 
Cost of repairing the physical infrastructure of the 
electricity distribution utility system. 
Value associated with loss of services. 

16. Gas 
Cost of repairing the physical infrastructure of the gas 
utility system. 
Value associated with loss of services. 

17. Water 
Cost of repairing the physical infrastructure of the water 
distribution utility system. 
Value associated with loss of services. 

18. Wastewater treatment/sewer 
Cost of repairing the physical infrastructure of the 
wastewater treatment/sewer utility system. 
Value associated with loss of services 
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Group 1 – Evacuation Activities 

For evacuation, subsistence, and reoccupation, it is assumed that the 

population number would remain the same (i.e., no deaths would occur), 

and that people would use least-cost alternatives and make rational 

decisions.  The analysis for this category also assumes an orderly 

mandatory evacuation before a flood.  Search and rescue activities would 

be conducted for unevacuated persons, those who declined to evacuate or 

were unable to successfully evacuate during early evacuation efforts. 

Group 2 – Debris Removal and Cleanup 

Under debris removal and cleanup activities, it is assumed that no goods 

would be removed from residences when occupants were evacuated, and 

that no special measures would be taken to reduce debris generation.  

Travel needs would increase during a flood because debris material would 

need to be transported to unflooded destination facilities.  Also, temporary 

structures, such as debris staging areas, would likely be created for flood 

response. 

Group 3 – Public Services Patronized 

For public services such as education, public agencies, library, indoor 

recreation facilities, and medical facilities, it is assumed that the number of 

users would not change, nor would demand for the service, and that lost 

service days would be kept to the minimum of time necessary to restart a 

school.  Operations would be the same before and after flooding. 

For the acute care portion of a hospital, the economic loss also includes 

costs to establish alternative facilities and transfer patient services to 

existing hospitals, as well as the setup cost for a disaster medical assistance 

team and operation costs. 

Group 4 – Public Services Produced 

For police, incarceration, fire, legislative, and judicial services, it is 

assumed that there would be no downscale in operations.  For 

incarceration, it is also assumed that emergency protocols would be made 

before the flood and other incarceration areas would have excess capacity 

to absorb inmates; there would be no decline in employees because of the 

flood; and additional security would be available. 

Group 5 – Public Utilities 

Infrastructure damage costs are determined from the estimated percent of 

damage to each infrastructure component over a square mile for residential, 

commercial, and industrial areas.  It is assumed that demand for utilities 

would remain the same before and after the flood.  Also, a value is 

associated with loss of services due to flood damages to public utilities. 
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4.0 Flood Damage Analysis Results 

Annual exceedence probability or AEP describes the “protection” against 

flooding for an impact area, i.e. the likelihood of being flooded in a given 

year. For example, an impact area with AEP of 6 percent means there is a 6 

percent probability that it will be flooded in any given year. In other words, 

the flooding would occur in 6 years out of 100 on average, or roughly once 

every 17 years. Calculation of AEP considers the stage-frequency curve 

and levee performance curve associated with the impact area. The stage-

frequency curve is conditionally based on hydrology and assumed upstream 

levee performance. Changes in upstream levee performance could result in 

different downstream stage-frequency curves, and thus change the AEP of 

downstream impact areas even without any risk management actions being 

taken for the impact area.  Therefore, AEP is conditioned on the 

performance of the entire system.   

There are other ways besides AEP to characterize “level of protection.”  

For example, communities sometimes have levee systems that provide a 

100-year level of protection in order to meet the minimum standard under 

the National Flood Insurance Program.  In this context, 100-year level of 

protection is not an estimate of the levee’s performance for a given set of 

conditions.  Rather, it is a criteria-based standard under which the levee 

must meet minimum safety factors when subjected to a 100-year (1 percent 

AEP) stage that was developed using conservative assumptions about 

performance of other levees in the region.  The AEP for such a levee would 

typically be much less than 0.01. 

All graphic and tabular results referenced in this section have been placed 

at the end of this section for easier access and readability. 

4.1 No Project Condition 

Through Monte Carlo sampling of the stage-frequency, levee performance, 

and stage-damage curves, along with their uncertainties for each parcel in a 

damage area, the EAD for the No Project condition was calculated for each 

damage area of the Sacramento River Basin, the San Joaquin River Basin, 

and the Stockton area. 

4.1.1 Sacramento River Basin 

Table 4-1 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SAC63 
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(Sacramento South) has the highest EAD, followed by SAC25 (Yuba City).  

For crop damages, SAC05 (Butte Basin) has the highest EAD, followed by 

SAC30 (RD 1001).  For business loss damages, SAC63 (Sacramento 

South) has the highest EAD, followed by SAC40 (Sacramento North). 

Table 4-2 shows the AEP for the Sacramento River Basin for the No 

Project condition and all approaches.  For AEP, the larger the number, the 

greater the flood risk to the damage area (i.e., an AEP of 0.10 (10-year 

return period) has a greater flood risk than an AEP of 0.010 (100-year 

return period)). 

4.1.2 San Joaquin River Basin 

Table 4-3 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, STK10 

(Central Stockton) has the highest EAD, followed by SJ33 

(Lathrop/Sharpe). For crop damages, SJ12 (Berenda Slough) has the 

highest EAD, followed by SJ15 (Turner Island). For business loss damages, 

SJ25 (Modesto) has the highest EAD, followed by SJ33 (Lathrop/Sharpe). 

Table 4-4 shows the AEP for the San Joaquin River Basin and Stockton 

area for the No Project condition and all approaches. 

4.2 Achieve SPFC Design Flow Capacity 
Approach 

Through Monte Carlo sampling of the stage-frequency, levee performance, 

and stage-damage curves, along with their uncertainties for each parcel in a 

damage area, the EAD for the Achieve SPFC Design Flow Capacity 

Approach was calculated for each damage area in the Sacramento and San 

Joaquin river basins and Stockton area. 

4.2.1 Sacramento River Basin 

Table 4-5 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SAC63 

(Sacramento South) has the highest EAD, followed by SAC36 (Natomas).  

For crop damages, SAC04 (Capay) has the highest EAD, followed by 

SAC35 (Elkhorn).  For business loss damages, SAC63 (Sacramento South) 

has the highest EAD, followed by SAC40 (Sacramento North). 

Table 4-2 shows the AEP for the Sacramento River Basin for the No 

Project condition and all approaches. 
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4.2.2 San Joaquin River Basin 

Table 4-6 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SJ34 

(French Camp) has the highest EAD, followed by SJ09 (Salt Slough).  For 

crop damages, SJ09 (Salt Slough) has the highest EAD, followed by SJ20 

(Merced River).  For business loss damages, SJ25 (Modesto) has the 

highest EAD, followed by SJ24 (Tuolumne River). 

Table 4-4 shows the AEP for the San Joaquin River Basin and Stockton 

area for the No Project condition and all approaches. 

4.3 Protect High Risk Communities 

Through Monte Carlo sampling of the stage-frequency, levee performance, 

and stage-damage curves, along with their uncertainties for each parcel in a 

damage area, the EAD for the Protect High Risk Communities Approach 

was calculated for each damage area in the Sacramento and San Joaquin 

river basins and Stockton area. 

4.3.1 Sacramento River Basin 

Table 4-7 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SAC63 

(Sacramento North) has the highest EAD, followed by SAC40 (Sacramento 

North).  For crop damages, SAC05 (Butte Basin) has the highest EAD, 

followed by SAC24 (Levee District No.1).  For business loss damages, 

SAC63 (Sacramento South) has the highest EAD, followed by SAC40 

(Sacramento North). 

Table 4-2 shows the AEP for the Sacramento River Basin for the No 

Project condition and all approaches. 

4.3.2 San Joaquin River Basin 

Table 4-8 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SJ09 (Salt 

Slough) has the highest EAD, followed by SJ28 (Stanislaus North).  For 

crop damages, SJ12 (Berenda Slough) has the highest EAD, followed by 

SJ15 (Turner Island).  For business loss damages, SJ25 (Modesto) has the 

highest EAD, followed by SJ09 (Salt Slough). 

Table 4-4 shows the AEP for the San Joaquin River Basin and Stockton 

area for the No Project condition and all approaches. 
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4.4 Enhance Flood System Capacity 

Through Monte Carlo sampling of the stage-frequency, levee performance, 

and stage-damage curves, along with their uncertainties for each parcel in a 

damage area, the EAD for the Enhance Flood System Capacity Approach 

was calculated for each damage area in the Sacramento and San Joaquin 

river basins and Stockton area. 

4.4.1 Sacramento River Basin 

Table 4-9 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SAC63 

(Sacramento North) has the highest EAD, followed by SAC40 (Sacramento 

North).  For crop damages, SAC04 (Capay) has the highest EAD, followed 

by SAC01 (Woodson Bridge East).  For business loss damages, SAC63 

(Sacramento South) has the highest EAD, followed by SAC40 (Sacramento 

North). 

Table 4-2 shows the AEP for the Sacramento River Basin for the No 

Project condition and all approaches. 

4.4.1 San Joaquin River Basin 

Table 4-10 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SJ09 (Salt 

Slough) has the highest EAD, followed by SJ33 (Lathrop/Sharpe).  For 

crop damages, SJ09 (Salt Slough) has the highest EAD, followed by SJ20 

(Merced River).  For business loss damages, SJ25 (Modesto) has the 

highest EAD, followed by SJ09 (Salt Slough). 

Table 4-4 shows the AEP for the San Joaquin River Basin and Stockton 

area for the No Project condition and all approaches. 

4.5 State Systemwide Investment Approach 

Through Monte Carlo sampling of the stage-frequency, levee performance, 

and stage-damage curves, along with their uncertainties for each parcel in a 

damage area, the EAD for the State Systemwide Investment Approach was 

calculated for each damage area in the Sacramento River Basin, the San 

Joaquin River Basin, and Stockton area. 

4.5.1 Sacramento River Basin 

Table 4-11 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SAC63 

(Sacramento North) has the highest EAD, followed by SAC40 (Sacramento 
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North).  For crop damages, SAC05 (Butte Basin) has the highest EAD, 

followed by SAC35 (Elkhorn).  For business loss damages, SAC63 

(Sacramento South) has the highest EAD, followed by SAC40 (Sacramento 

North). 

Table 4-2 shows the AEP for the Sacramento River Basin for the No 

Project condition and all approaches. 

4.5.2 San Joaquin River Basin 

Table 4-12 shows the EAD for structure and contents, crops, and business 

loss for each damage area.  For structure and contents damages, SJ09 (Salt 

Slough) has the highest EAD, followed by SJ28 (Stanislaus North).  For 

crop damages, SJ12 (Berenda Slough) has the highest EAD, followed by 

SJ15 (Turner Island).  For business loss damages, SJ25 (Modesto) has the 

highest EAD, followed by SJ09 (Salt Slough). 

Table 4-4 shows the AEP for the San Joaquin River Basin and Stockton 

area for the No Project condition and all approaches. 
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Table 4-1.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 2010 
October $1,000 – No Project 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SAC01 Woodson Bridge East 26 213 8 246 

SAC02 Woodson Bridge West 4 9 0 13 

SAC03 Hamilton City 495 0 31 526 

SAC04 Capay 38 730 74 842 

SAC05 Butte Basin 239 2,339 187 2,764 

SAC06 Butte City 6 0 0 6 

SAC07 Colusa Basin North 67 65 18 151 

SAC08 Colusa 32 1 3 35 

SAC09 Colusa Basin South 159 515 55 728 

SAC10 Grimes 8 1 0 10 

SAC11 Reclamation District 1500 West 109 190 56 355 

SAC12 Sycamore Slough 1 44 0 45 

SAC13 Knight's Landing 1,207 3 354 1,564 

SAC14 Ridge Cut (North) 1 38 0 39 

SAC15 Ridge Cut (South) 8.7 68 0 76 

SAC16 Reclamation District 2035 3 265 1 269 

SAC17 East of Davis 109 7 20 136 

SAC18 Upper Honcut 23 60 0 83 

SAC20 Gridley 407 17 9 433 

SAC21 Sutter Buttes East 500 495 45 1,040 

SAC22 Live Oak 780 7 39 827 

SAC23 Lower Honcut 162 147 58 367 

SAC24 Levee District No.1 496 460 113 1,069 

SAC25 Yuba City 47,862 123 10,959 58,944 

SAC26 Marysville 281 0 84 365 

SAC27 Linda-Olivehurst 1,611 18 451 2,080 

SAC28 Reclamation District 784 721 76 22 818 

SAC29 Best Slough 388 323 29 740 

SAC30 Reclamation District 1001 217 1,538 34 1,789 

SAC32 Reclamation District 70-1660 185 456 114 755 

SAC33 Meridian 138 2 61 201 
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Table 4-1.  HEC-FDA Expected Annual Damages for Sacramento 
River Basin in 2010 October $1,000 – No Project (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SAC34 Reclamation District 1500 East 191 466 232 889 

SAC35 Elkhorn 113 1,353 5 1,471 

SAC36 Natomas 44,004 120 10,058 54,181 

SAC37 Rio Linda 2,993 2 1,922 4,917 

SAC38 West Sacramento 5,679 1 2,848 8,528 

SAC39 Reclamation District 900 4,877 12 187 5,076 

SAC40 Sacramento North 16,622 0 11,014 27,636 

SAC41 Reclamation District 302 22 69 1 91 

SAC42 Reclamation District 999 55 101 2 158 

SAC43 Clarksburg 38 0 9 47 

SAC44 Stone Lake 3,068 214 1,489 4,770 

SAC45 Hood 561 0 2,092 2,653 

SAC46 Merritt Island 77 133 0 210 

SAC47 Reclamation District 551 174 1,111 731 2,016 

SAC48 Courtland 264 3 320 587 

SAC49 Sutter Island 18 774 0 792 

SAC50 Grand Island 615 1,500 307 2,423 

SAC51 Locke 24 4 65 93 

SAC52 Walnut Grove 15 0 8 22 

SAC53 Tyler Island 95 405 121 622 

SAC54 Andrus Island 132 212 108 452 

SAC55 Ryer Island 92 564 0 656 

SAC56 Prospect Island 14 133 24 171 

SAC57 Twitchell Island 0 0 0 0 

SAC58 Sherman Island 180 219 605 1,004 

SAC59 Moore 31 84 0 115 

SAC60 Cache Slough 3 10 0 13 

SAC61 Hastings 21 120 0 141 

SAC62 Lindsey Slough 65 237 0 303 

SAC63 Sacramento South 69,832 5 37,283 107,120 

Total 206,158 16,062 82,257 304,476 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
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Table 4-2.  HEC-FDA Expected Flooding Return Period in Years for the Sacramento River 
Basin – All Approaches 

Damage 
Area 

Description 
No 

Project 
SPFC PHRC EFSC SSIA 

SAC01 Woodson Bridge East > 200 > 200 > 200 > 200 > 200 

SAC02 Woodson Bridge West > 200 > 200 > 200 > 200 > 200 

SAC03 Hamilton City 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SAC04 Capay <25 <25 <25 <25 <25 

SAC05 Butte Basin 25 - 100 > 200 25 - 100 > 200 25 - 100 

SAC06 Butte City 25 - 100 > 200 25 - 100 25 - 100 25 - 100 

SAC07 Colusa Basin North > 200 > 200 > 200 > 200 > 200 

SAC08 Colusa 100 - 200 > 200 100 - 200 > 200 100 - 200 

SAC09 Colusa Basin South 25 - 100 > 200 25 - 100 > 200 25 - 100 

SAC10 Grimes 25 - 100 > 200 25 - 100 > 200 25 - 100 

SAC11 Reclamation District 1500 West 25 - 100 > 200 25 - 100 > 200 25 - 100 

SAC12 Sycamore Slough 100 - 200 > 200 100 - 200 > 200 > 200 

SAC13 Knight's Landing 25 - 100 25 - 100 25 - 100 > 200 25 - 100 

SAC14 Ridge Cut (North) 25 - 100 > 200 25 - 100 > 200 25 - 100 

SAC15 Ridge Cut (South) <25 > 200 <25 > 200 <25 

SAC16 Reclamation District 2035 <25 > 200 <25 > 200 <25 

SAC17 East of Davis > 200 > 200 > 200 > 200 > 200 

SAC18 Upper Honcut > 200 > 200 > 200 > 200 > 200 

SAC20 Gridley 25 - 100 > 200 25 - 100 > 200 100 - 200 

SAC21 Sutter Buttes East 25 - 100 > 200 25 - 100 > 200 100 - 200 

SAC22 Live Oak 25 - 100 > 200 25 - 100 > 200 100 - 200 

SAC23 Lower Honcut > 200 > 200 > 200 > 200 > 200 

SAC24 Levee District No.1 <25 100 - 200 <25 > 200 <25 

SAC25 Yuba City <25 > 200 > 200 > 200 > 200 

SAC26 Marysville > 200 > 200 > 200 > 200 > 200 

SAC27 Linda-Olivehurst > 200 > 200 > 200 > 200 > 200 

SAC28 Reclamation District 784 > 200 > 200 > 200 > 200 > 200 

SAC29 Best Slough <25 100 - 200 <25 <25 <25 

SAC30 Reclamation District 1001 <25 > 200 <25 > 200 <25 

SAC32 Reclamation District 70-1660 <25 > 200 <25 > 200 <25 

SAC33 Meridian <25 > 200 <25 > 200 <25 
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Table 4-2.  HEC-FDA Expected Flooding Return Period in Years for the Sacramento 
River Basin – All Approaches (contd.) 

Damage 
Area 

Description 
No 

Project 
SPFC PHRC EFSC SSIA 

SAC34 Reclamation District 1500 East 25 - 100 > 200 25 - 100 > 200 25 - 100 

SAC35 Elkhorn <25 > 200 <25 <25 <25 

SAC36 Natomas <25 > 200 > 200 > 200 > 200 

SAC37 Rio Linda 100 - 200 > 200 > 200 > 200 > 200 

SAC38 West Sacramento 25 - 100 > 200 > 200 > 200 > 200 

SAC39 Reclamation District 900 <25 > 200 > 200 > 200 > 200 

SAC40 Sacramento North 25 - 100 100 - 200 > 200 > 200 > 200 

SAC41 Reclamation District 302 <25 100 - 200 <25 > 200 <25 

SAC42 Reclamation District 999 <25 100 - 200 <25 > 200 <25 

SAC43 Clarksburg 25 - 100 100 - 200 25 - 100 > 200 25 - 100 

SAC44 Stone Lake <25 100 - 200 > 200 <25 > 200 

SAC45 Hood <25 100 - 200 > 200 > 200 > 200 

SAC46 Merritt Island 25 - 100 100 - 200 25 - 100 > 200 25 - 100 

SAC47 Reclamation District 551 <25 > 200 <25 > 200 <25 

SAC48 Courtland <25 > 200 <25 > 200 <25 

SAC49 Sutter Island <25 > 200 <25 > 200 <25 

SAC50 Grand Island <25 > 200 <25 > 200 <25 

SAC51 Locke 100 - 200 > 200 100 - 200 > 200 > 200 

SAC52 Walnut Grove 100 - 200 > 200 100 - 200 > 200 > 200 

SAC53 Tyler Island <25 > 200 <25 > 200 <25 

SAC54 Andrus Island 25 - 100 100 - 200 25 - 100 > 200 25 - 100 

SAC55 Ryer Island <25 > 200 <25 > 200 <25 

SAC56 Prospect Island <25 > 200 <25 > 200 <25 

SAC57 Twitchell Island 100 - 200 > 200 100 - 200 > 200 100 - 200 

SAC58 Sherman Island <25 > 200 <25 > 200 <25 

SAC59 Moore <25 25 - 100 <25 25 - 100 <25 

SAC60 Cache Slough <25 <25 <25 <25 <25 

SAC61 Hastings <25 25 - 100 <25 > 200 <25 

SAC62 Lindsey Slough <25 > 200 <25 > 200 <25 

SAC63 Sacramento South 25 - 100 100 - 200 > 200 > 200 > 200 

Note: The HEC-FDA expected flooding return period for each damage area is based on its corresponding levee 
performance curve and overall systemwide hydraulic performance upstream of the damage area.  For the purposes 
of hydraulic modeling on a systemwide scale, a reconstructed levee is assumed to have zero probability of failure 
until it is overtopped. 
Key: 
EFSC = Enhance Flood System Capacity Approach 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
PHRC = Protect High Risk Communities Approach 
RD = Reclamation District 
SPFC = Achieve SPFC Design Flow Capacity Approach 
SSIA = State Systemwide Investment Approach 
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Table 4-3.  HEC-FDA Expected Annual Damages for the San Joaquin River Basin and 
Stockton Area in 2010 October $1,000 – No Project 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SJ01 Fresno 76 3 7 86 

SJ02 Fresno Slough East 94 364 5 463 

SJ03 Fresno Slough West 6 80 0 86 

SJ04 Mendota 27 0 0 28 

SJ05 Chowchilla Bypass 41 728 0 769 

SJ06 Lone Willow Slough 15 464 0 479 

SJ07 Mendota North 1 10 0 10 

SJ08 Firebaugh 22 0 0 22 

SJ09 Salt Slough 909 2,092 84 3,085 

SJ10 Dos Palos 235 18 4 256 

SJ11 Fresno River 7 489 0 496 

SJ12 Berenda Slough 271 3,436 10 3,716 

SJ13 Ash Slough 25 724 6 754 

SJ14 Sandy Mush 10 429 1 440 

SJ15 Turner Island 46 2,500 0 2,546 

SJ16 Bear Creek 12 29 1 42 

SJ17 Deep Slough 6 27 0 33 

SJ18 West Bear Creek 31 91 7 129 

SJ19 Fremont Ford 3 4 0 8 

SJ20 Merced River 142 842 27 1,011 

SJ21 Merced River North 86 218 71 376 

SJ22 Orestimba 25 30 13 68 

SJ23 Tuolumne South 57 239 8 303 

SJ24 Tuolumne River 247 18 70 335 

SJ25 Modesto 237 1 192 431 

SJ26 Three Amigos 18 221 6 245 

SJ27 Stanislaus South 44 131 8 183 

SJ28 Stanislaus North 277 346 33 656 

SJ29 Banta Carbona 123 127 2 251 

SJ30 Paradise Cut 33 183 2 218 

SJ31 Stewart Tract  0 2 0 2 

SJ32 East Lathrop 35 7 29 71 
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Table 4-3.  HEC-FDA Expected Annual Damages for the San Joaquin River Basin 
and Stockton Area in 2010 October $1,000 – No Project (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SJ33 Lathrop/Sharpe  1,189 6 117 1,312 

SJ34 French Camp 54 3 0 58 

SJ35 Moss Tract 163 0 17 180 

SJ36 Roberts Island 134 647 6 787 

SJ37 Rough and Ready Island  0 1 1 2 

SJ38 Drexler Tract 17 68 6 91 

SJ39 Union Island 22 81 5 107 

SJ40 Union Island Toe 10 15 0 25 

SJ41 Fabian Tract 3 14 0 17 

SJ42 Reclamation District 1007 8 9 0 17 

SJ43 Grayson 28 0 1 29 

STK01 Lower Roberts Island 108 537 72 716 

STK06 Stockton East 124 8 32 163 

STK07 Calaveras River 802 0 39 840 

STK08 Bear Creek South 568 0 1 569 

STK09 Bear Creek North 616 2 0 618 

STK10 Central Stockton 1,786 1 79 1,866 

Total 8,791 15,243 962 24,996 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
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Table 4-4.  HEC-FDA Expected Flooding Return Period in Years for San Joaquin River 
Basin and Stockton Area – All Approaches 

Damage 
Area 

Description 
No 

Project 
SPFC PHRC EFSC SSIA 

SJ01 Fresno > 200 > 200 > 200 > 200 > 200 

SJ02 Fresno Slough East 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SJ03 Fresno Slough West 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SJ04 Mendota 25 - 100 25 - 100 25 - 100 100 - 200 25 - 100 

SJ05 Chowchilla Bypass <25 25 - 100 <25 100 - 200 <25 

SJ06 Lone Willow Slough 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SJ07 Mendota North > 200 > 200 > 200 > 200 > 200 

SJ08 Firebaugh > 200 > 200 > 200 > 200 > 200 

SJ09 Salt Slough 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SJ10 Dos Palos 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SJ11 Fresno River <25 > 200 <25 > 200 <25 

SJ12 Berenda Slough <25 > 200 <25 > 200 <25 

SJ13 Ash Slough <25 > 200 <25 > 200 <25 

SJ14 Sandy Mush <25 > 200 <25 100 - 200 <25 

SJ15 Turner Island <25 25 - 100 <25 25 - 100 <25 

SJ16 Bear Creek 100 - 200 100 - 200 100 - 200 100 - 200 100 - 200 

SJ17 Deep Slough 25 - 100 > 200 25 - 100 > 200 25 - 100 

SJ18 West Bear Creek <25 100 - 200 <25 > 200 <25 

SJ19 Fremont Ford > 200 > 200 > 200 > 200 > 200 

SJ20 Merced River <25 <25 <25 <25 <25 

SJ21 Merced River North 25 - 100 > 200 25 - 100 > 200 25 - 100 

SJ22 Orestimba <25 > 200 <25 > 200 <25 

SJ23 Tuolumne South <25 <25 <25 <25 <25 

SJ24 Tuolumne River <25 <25 > 200 > 200 > 200 

SJ25 Modesto > 200 > 200 > 200 > 200 > 200 

SJ26 Three Amigos <25 > 200 <25 > 200 <25 

SJ27 Stanislaus South <25 100 - 200 <25 > 200 <25 

SJ28 Stanislaus North 25 - 100 25 - 100 25 - 100 > 200 25 - 100 

SJ29 Banta Carbona <25 > 200 <25 > 200 <25 

SJ30 Paradise Cut <25 > 200 <25 > 200 <25 

SJ31 Stewart Tract  > 200 > 200 > 200 > 200 > 200 

SJ32 East Lathrop > 200 > 200 > 200 > 200 > 200 
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Table 4-4.  HEC-FDA Expected Flooding Return Period in Years for San Joaquin River 
Basin and Stockton Area – All Approaches (contd.) 

Damage 
Area 

Description 
No 

Project SPFC PHRC EFSC SSIA 

SJ33 Lathrop/Sharpe  100 - 200 > 200 > 200 > 200 > 200 

SJ34 French Camp > 200 > 200 > 200 > 200 > 200 

SJ35 Moss Tract 100 - 200 > 200 > 200 > 200 > 200 

SJ36 Roberts Island <25 > 200 <25 > 200 <25 

SJ37 Rough and Ready Island  > 200 > 200 > 200 > 200 > 200 

SJ38 Drexler Tract 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SJ39 Union Island 25 - 100 25 - 100 25 - 100 25 - 100 25 - 100 

SJ40 Union Island Toe 25 - 100 > 200 25 - 100 > 200 25 - 100 

SJ41 Fabian Tract 100 - 200 100 - 200 100 - 200 > 200 100 - 200 

SJ42 Reclamation District 1007 > 200 100 - 200 > 200 100 - 200 > 200 

SJ43 Grayson 100 - 200 > 200 100 - 200 > 200 100 - 200 

STK01 Lower Roberts Island <25 > 200 > 200 > 200 > 200 

STK06 Stockton East 25 - 100 100 - 200 100 - 200 100 - 200 100 - 200 

STK07 Calaveras River 100 - 200 > 200 > 200 > 200 > 200 

STK08 Bear Creek South 100 - 200 100 - 200 100 - 200 100 - 200 100 - 200 

STK09 Bear Creek North 25 - 100 100 - 200 100 - 200 100 - 200 100 - 200 

STK10 Central Stockton <25 > 200 > 200 > 200 > 200 

Note: The HEC-FDA expected flooding return period for each damage area is based on its corresponding 
levee performance curve and overall systemwide hydraulic performance upstream of the damage area.  For 
the purposes of hydraulic modeling on a systemwide scale, a reconstructed levee is assumed to have zero 
probability of failure until it is overtopped. 
Key: 
EFSC = Enhance Flood System Capacity Approach 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
PHRC = Protect High Risk Communities Approach 
SPFC = Achieve SPFC Design Flow Capacity Approach 
SSIA = State Systemwide Investment Approach 
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Table 4-5.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 
2010 October $1,000 – Achieve SPFC Design Flow Capacity Approach 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SAC01 Woodson Bridge East 27 213 8 247 

SAC02 Woodson Bridge West 4 10 0 13 

SAC03 Hamilton City 519 0 35 554 

SAC04 Capay 46 735 76 857 

SAC05 Butte Basin 38 130 23 191 

SAC06 Butte City 2 0 0 2 

SAC07 Colusa Basin North 47 28 10 85 

SAC08 Colusa 87 1 4 92 

SAC09 Colusa Basin South 42 61 6 110 

SAC10 Grimes 5 0 0 5 

SAC11 Reclamation District 1500 West 14 23 5 43 

SAC12 Sycamore Slough 0 7 0 8 

SAC13 Knight's Landing 622 2 205 829 

SAC14 Ridge Cut (North) 1 13 0 14 

SAC15 Ridge Cut (South) 1 2 0 3 

SAC16 Reclamation District 2035 6 9 0 16 

SAC17 East of Davis 87 3 10 101 

SAC18 Upper Honcut 9 13 0 22 

SAC20 Gridley 237 2 3 243 

SAC21 Sutter Buttes East 232 68 16 316 

SAC22 Live Oak 357 1 15 373 

SAC23 Lower Honcut 98 88 31 217 

SAC24 Levee District No.1 155 0 8 164 

SAC25 Yuba City 4,694 12 698 5,404 

SAC26 Marysville 271 0 80 350 

SAC27 Linda-Olivehurst 1,678 18 470 2,166 

SAC28 Reclamation District 784 956 95 28 1,079 

SAC29 Best Slough 54 43 7 104 

SAC30 Reclamation District 1001 30 35 5 71 

SAC32 Reclamation District 70-1660 45 83 22 149 

SAC33 Meridian 30 0 11 41 
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Table 4-5.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 
2010 October $1,000 – Achieve SPFC Design Flow Capacity Approach (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SAC34 Reclamation District 1500 East 21 19 18 58 

SAC35 Elkhorn 35 194 1 230 

SAC36 Natomas 15,551 67 4,333 19,951 

SAC37 Rio Linda 3,568 3 2,311 5,882 

SAC38 West Sacramento 3,280 0 1,581 4,862 

SAC39 Reclamation District 900 2,094 7 81 2,182 

SAC40 Sacramento North 11,665 0 7,553 19,219 

SAC41 Reclamation District 302 13 62 0 76 

SAC42 Reclamation District 999 90 114 2 206 

SAC43 Clarksburg 73 0 16 90 

SAC44 Stone Lake 6,310 155 402 6,868 

SAC45 Hood 63 0 177 240 

SAC46 Merritt Island 17 92 0 109 

SAC47 Reclamation District 551 40 104 113 256 

SAC48 Courtland 55 0 55 111 

SAC49 Sutter Island 0 8 0 8 

SAC50 Grand Island 1 1 0 2 

SAC51 Locke 28 2 88 118 

SAC52 Walnut Grove 0 0 0 0 

SAC53 Tyler Island 0 0 0 0 

SAC54 Andrus Island 225 91 124 441 

SAC55 Ryer Island 0 0 0 0 

SAC56 Prospect Island 1 2 1 4 

SAC57 Twitchell Island 0 0 0 0 

SAC58 Sherman Island 21 5 68 93 

SAC59 Moore 34 27 0 61 

SAC60 Cache Slough 18 24 0 42 

SAC61 Hastings 8 29 0 37 

SAC62 Lindsey Slough 3 6 0 9 

SAC63 Sacramento South 66,184 5 34,860 101,049 

Total 119,796 2,714 53,562 176,072 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
SPFC = State Plan of Flood Control 
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Table 4-6.  HEC-FDA Expected Annual Damages for San Joaquin River Basin and 
Stockton Area in 2010 October $1,000 – Achieve SPFC Design Flow Capacity Approach 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SJ01 Fresno 76 3 7 86 

SJ02 Fresno Slough East 95 359 5 459 

SJ03 Fresno Slough West 6 80 0 86 

SJ04 Mendota 28 0 0 28 

SJ05 Chowchilla Bypass 17 381 0 398 

SJ06 Lone Willow Slough 110 481 0 591 

SJ07 Mendota North 1 10 0 10 

SJ08 Firebaugh 26 0 0 26 

SJ09 Salt Slough 725 1,643 65 2,433 

SJ10 Dos Palos 193 14 3 209 

SJ11 Fresno River 1 36 0 37 

SJ12 Berenda Slough 15 70 0 86 

SJ13 Ash Slough 9 34 1 44 

SJ14 Sandy Mush 2 6 0 9 

SJ15 Turner Island 15 256 0 271 

SJ16 Bear Creek 13 35 1 49 

SJ17 Deep Slough 3 9 0 12 

SJ18 West Bear Creek 19 20 2 40 

SJ19 Fremont Ford 1 0 0 1 

SJ20 Merced River 138 840 27 1,004 

SJ21 Merced River North 28 15 8 51 

SJ22 Orestimba 3 1 1 4 

SJ23 Tuolumne South 89 328 11 428 

SJ24 Tuolumne River 289 18 70 377 

SJ25 Modesto 238 1 193 432 

SJ26 Three Amigos 13 45 2 60 

SJ27 Stanislaus South 26 40 3 69 

SJ28 Stanislaus North 230 141 17 387 

SJ29 Banta Carbona 207 37 2 247 

SJ30 Paradise Cut 3 2 0 5 

SJ31 Stewart Tract  0 2 0 2 

SJ32 East Lathrop 30 5 22 57 

  



 4.0 Flood Damage Analysis Results 

January 2012 4-17 
Public Draft 

Table 4-6  HEC-FDA Expected Annual Damages for San Joaquin River Basin and 
Stockton Area in 2010 October $1,000 – Achieve SPFC Design Flow Capacity 
Approach (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SJ33 Lathrop/Sharpe  598 2 32 631 

SJ34 French Camp 1,125 16 0 1,142 

SJ35 Moss Tract 3 0 0 3 

SJ36 Roberts Island 23 42 1 67 

SJ37 Rough and Ready Island  0 1 1 2 

SJ38 Drexler Tract 32 93 10 135 

SJ39 Union Island 28 205 7 241 

SJ40 Union Island Toe 2 3 0 5 

SJ41 Fabian Tract 5 24 1 29 

SJ42 Reclamation District 1007 11 14 0 24 

SJ43 Grayson 32 0 1 33 

STK01 Lower Roberts Island 0 0 0 0 

STK06 Stockton East 46 4 17 67 

STK07 Calaveras River 15 0 0 15 

STK08 Bear Creek South 27 0 0 27 

STK09 Bear Creek North 22 0 0 22 

STK10 Central Stockton 0 0 0 0 

Total 4,615 5,315 511 10,441 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
SPFC = State Plan of Flood Control 
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Table 4-7.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 2010 
October $1,000 – Protect High Risk Communities Approach 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SAC01 Woodson Bridge East 26 213 8 246 

SAC02 Woodson Bridge West 4 9 0 13 

SAC03 Hamilton City 488 0 32 521 

SAC04 Capay 37 730 74 842 

SAC05 Butte Basin 239 2,339 187 2,764 

SAC06 Butte City 6 0 0 6 

SAC07 Colusa Basin North 65 65 18 149 

SAC08 Colusa 55 1 4 61 

SAC09 Colusa Basin South 159 515 55 728 

SAC10 Grimes 8 1 0 10 

SAC11 Reclamation District 1500 West 109 190 56 356 

SAC12 Sycamore Slough 1 45 0 45 

SAC13 Knight's Landing 1,311 3 255 1,568 

SAC14 Ridge Cut (North) 1 38 0 39 

SAC15 Ridge Cut (South) 9 68 0 77 

SAC16 Reclamation District 2035 3 265 1 269 

SAC17 East of Davis 56 2 7 65 

SAC18 Upper Honcut 24 60 0 83 

SAC20 Gridley 410 17 9 437 

SAC21 Sutter Buttes East 501 496 46 1,043 

SAC22 Live Oak 781 8 40 828 

SAC23 Lower Honcut 181 161 62 405 

SAC24 Levee District No.1 1,424 2,238 498 4,159 

SAC25 Yuba City 3,919 10 583 4,511 

SAC26 Marysville 282 0 83 365 

SAC27 Linda-Olivehurst 1,683 18 470 2,171 

SAC28 Reclamation District 784 783 80 24 887 

SAC29 Best Slough 388 323 29 740 

SAC30 Reclamation District 1001 218 1,540 35 1,793 

SAC32 Reclamation District 70-1660 185 456 114 755 

SAC33 Meridian 138 2 61 201 
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Table 4-7.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 
2010 October $1,000 – Protect High Risk Communities Approach (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SAC34 Reclamation District 1500 East 192 467 233 893 

SAC35 Elkhorn 113 1,357 5 1,476 

SAC36 Natomas 3,671 15 1,192 4,878 

SAC37 Rio Linda 1,813 1 1,088 2,902 

SAC38 West Sacramento 2,135 0 987 3,122 

SAC39 Reclamation District 900 660 2 23 685 

SAC40 Sacramento North 5,454 0 3,082 8,536 

SAC41 Reclamation District 302 24 79 1 104 

SAC42 Reclamation District 999 82 112 2 196 

SAC43 Clarksburg 55 0 13 68 

SAC44 Stone Lake 380 11 26 417 

SAC45 Hood 4 0 12 17 

SAC46 Merritt Island 81 124 0 205 

SAC47 Reclamation District 551 172 1,089 703 1,964 

SAC48 Courtland 257 3 306 566 

SAC49 Sutter Island 18 767 0 785 

SAC50 Grand Island 570 1,490 300 2,361 

SAC51 Locke 22 4 59 85 

SAC52 Walnut Grove 15 0 7 22 

SAC53 Tyler Island 92 400 116 608 

SAC54 Andrus Island 120 203 92 416 

SAC55 Ryer Island 96 565 0 661 

SAC56 Prospect Island 14 133 24 171 

SAC57 Twitchell Island 3 0 0 3 

SAC58 Sherman Island 178 211 585 975 

SAC59 Moore 32 84 0 115 

SAC60 Cache Slough 3 10 0 13 

SAC61 Hastings 22 121 0 143 

SAC62 Lindsey Slough 66 237 0 304 

SAC63 Sacramento South 29,655 2 13,488 43,145 

Total 59,496 17,381 101,972 25,095 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
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Table 4-8.  HEC-FDA Expected Annual Damages for San Joaquin River Basin and 
Stockton Area in 2010 October $1,000 – Protect High Risk Communities Approach 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop  
Business 

Loss 
Total 

SJ01 Fresno 76 3 7 86 

SJ02 Fresno Slough East 94 364 5 463 

SJ03 Fresno Slough West 6 80 0 86 

SJ04 Mendota 27 0 0 28 

SJ05 Chowchilla Bypass 41 728 0 769 

SJ06 Lone Willow Slough 15 464 0 479 

SJ07 Mendota North 1 10 0 10 

SJ08 Firebaugh 24 0 0 24 

SJ09 Salt Slough 899 2,062 83 3,044 

SJ10 Dos Palos 235 18 4 256 

SJ11 Fresno River 7 489 0 496 

SJ12 Berenda Slough 271 3,436 10 3,716 

SJ13 Ash Slough 25 724 6 754 

SJ14 Sandy Mush 12 429 1 442 

SJ15 Turner Island 46 2,500 0 2,546 

SJ16 Bear Creek 12 29 1 42 

SJ17 Deep Slough 6 27 0 33 

SJ18 West Bear Creek 31 91 7 129 

SJ19 Fremont Ford 3 4 0 8 

SJ20 Merced River 142 842 27 1,011 

SJ21 Merced River North 87 219 72 378 

SJ22 Orestimba 24 31 13 69 

SJ23 Tuolumne South 71 278 9 357 

SJ24 Tuolumne River 147 9 30 186 

SJ25 Modesto 238 1 193 432 

SJ26 Three Amigos 22 247 7 276 

SJ27 Stanislaus South 45 133 8 186 

SJ28 Stanislaus North 274 342 33 649 

SJ29 Banta Carbona 121 125 2 248 

SJ30 Paradise Cut 33 182 2 217 

SJ31 Stewart Tract  0 2 0 2 

SJ32 East Lathrop 24 3 16 43 
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Table 4-8.  HEC-FDA Expected Annual Damages for San Joaquin River Basin and Stockton 
Area in 2010 October $1,000 – Protect High Risk Communities Approach (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SJ33 Lathrop/Sharpe  169 1 10 180 

SJ34 French Camp 0 0 0 0 

SJ35 Moss Tract 0 0 0 0 

SJ36 Roberts Island 126 625 6 756 

SJ37 Rough and Ready Island  0 0 0 0 

SJ38 Drexler Tract 18 68 6 92 

SJ39 Union Island 21 76 4 101 

SJ40 Union Island Toe 10 14 0 24 

SJ41 Fabian Tract 3 14 0 17 

SJ42 Reclamation District 1007 8 9 0 17 

SJ43 Grayson 32 0 1 33 

STK01 Lower Roberts Island 0 0 0 0 

STK06 Stockton East 46 4 17 67 

STK07 Calaveras River 15 0 0 15 

STK08 Bear Creek South 27 0 0 27 

STK09 Bear Creek North 22 0 0 22 

STK10 Central Stockton 0 0 0 0 

Total 3,553 14,684 582 18,819 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
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Table 4-9.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 
2010 October $1,000 – Enhance Flood System Capacity Approach 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SAC01 Woodson Bridge East 26 213 8 246 

SAC02 Woodson Bridge West 4 9 0 13 

SAC03 Hamilton City 492 0 34 526 

SAC04 Capay 38 731 75 844 

SAC05 Butte Basin 15 49 8 72 

SAC06 Butte City 1 0 0 1 

SAC07 Colusa Basin North 37 23 8 67 

SAC08 Colusa 33 0 2 35 

SAC09 Colusa Basin South 0 1 0 2 

SAC10 Grimes 0 0 0 0 

SAC11 Reclamation District 1500 West 5 10 2 17 

SAC12 Sycamore Slough 0 27 0 28 

SAC13 Knight's Landing 171 0 56 227 

SAC14 Ridge Cut (North) 0 5 0 5 

SAC15 Ridge Cut (South) 1.5 6 0 7 

SAC16 Reclamation District 2035 7 7 0 15 

SAC17 East of Davis 101 4 12 117 

SAC18 Upper Honcut 7 10 0 18 

SAC20 Gridley 168 2 2 172 

SAC21 Sutter Buttes East 161 44 11 216 

SAC22 Live Oak 245 1 10 255 

SAC23 Lower Honcut 69 0 0 69 

SAC24 Levee District No.1 0 0 0 0 

SAC25 Yuba City 3,361 8 488 3,857 

SAC26 Marysville 343 0 102 445 

SAC27 Linda-Olivehurst 1,645 18 453 2,116 

SAC28 Reclamation District 784 335 30 9 375 

SAC29 Best Slough 105 43 7 155 

SAC30 Reclamation District 1001 29 35 5 69 

SAC32 Reclamation District 70-1660 2 3 1 6 

SAC33 Meridian 1 0 0 1 
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Table 4-9.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 
2010 October $1,000 – Enhance Flood System Capacity Approach (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SAC34 Reclamation District 1500 East 16 15 14 46 

SAC35 Elkhorn 16 91 1 108 

SAC36 Natomas 2,086 8 641 2,735 

SAC37 Rio Linda 1,434 1 809 2,244 

SAC38 West Sacramento 1,356 0 597 1,954 

SAC39 Reclamation District 900 452 1 15 469 

SAC40 Sacramento North 5,410 0 3,101 8,511 

SAC41 Reclamation District 302 6 0 0 6 

SAC42 Reclamation District 999 47 57 1 105 

SAC43 Clarksburg 2 0 0 3 

SAC44 Stone Lake 308 4 10 321 

SAC45 Hood 2 0 4 6 

SAC46 Merritt Island 16 48 0 64 

SAC47 Reclamation District 551 18 54 58 130 

SAC48 Courtland 28 0 0 28 

SAC49 Sutter Island 0 8 0 8 

SAC50 Grand Island 29 27 12 69 

SAC51 Locke 19 1 61 82 

SAC52 Walnut Grove 2 0 1 3 

SAC53 Tyler Island 0 1 0 2 

SAC54 Andrus Island 120 55 74 248 

SAC55 Ryer Island 1 2 0 3 

SAC56 Prospect Island 1 2 1 4 

SAC57 Twitchell Island 0 0 0 0 

SAC58 Sherman Island 144 189 412 745 

SAC59 Moore 17 15 0 32 

SAC60 Cache Slough 15 14 0 29 

SAC61 Hastings 3 12 0 15 

SAC62 Lindsey Slough 3 6 0 8 

SAC63 Sacramento South 20,620 1 9,338 29,959 

Total 39,575 1,891 57,911 16,446 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
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Table 4-10.  HEC-FDA Expected Annual Damages for San Joaquin River Basin and 
Stockton Area in 2010 October $1,000 – Enhance Flood System Capacity Approach 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SJ01 Fresno 49 2 5 56 

SJ02 Fresno Slough East 48 181 3 232 

SJ03 Fresno Slough West 5 59 0 64 

SJ04 Mendota 25 0 0 25 

SJ05 Chowchilla Bypass 5 51 0 56 

SJ06 Lone Willow Slough 74 304 0 378 

SJ07 Mendota North 0 6 0 6 

SJ08 Firebaugh 24 0 0 24 

SJ09 Salt Slough 395 947 33 1,375 

SJ10 Dos Palos 105 8 1 114 

SJ11 Fresno River 1 36 0 37 

SJ12 Berenda Slough 15 70 0 85 

SJ13 Ash Slough 9 34 1 44 

SJ14 Sandy Mush 3 8 0 12 

SJ15 Turner Island 9 158 0 167 

SJ16 Bear Creek 13 33 1 47 

SJ17 Deep Slough 3 8 0 11 

SJ18 West Bear Creek 1 1 0 2 

SJ19 Fremont Ford 1 1 0 2 

SJ20 Merced River 113 842 27 982 

SJ21 Merced River North 0 0 0 0 

SJ22 Orestimba 0 0 0 0 

SJ23 Tuolumne South 44 152 5 202 

SJ24 Tuolumne River 11 1 5 17 

SJ25 Modesto 170 1 146 316 

SJ26 Three Amigos 5 16 1 22 

SJ27 Stanislaus South 8 11 1 20 

SJ28 Stanislaus North 105 37 4 146 

SJ29 Banta Carbona 92 16 1 110 

SJ30 Paradise Cut 2 1 0 3 

SJ31 Stewart Tract  0 0 0 0 

SJ32 East Lathrop 14 2 10 27 
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Table 4-10.  HEC-FDA Expected Annual Damages for San Joaquin River Basin and 
Stockton Area in 2010 October $1,000 – Enhance Flood System Capacity Approach 
(contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SJ33 Lathrop/Sharpe  231 1 12 244 

SJ34 French Camp 0 4 0 4 

SJ35 Moss Tract 0 0 0 0 

SJ36 Roberts Island 5 16 0 22 

SJ37 Rough and Ready Island  0 0 0 0 

SJ38 Drexler Tract 1 73 7 81 

SJ39 Union Island 14 58 3 75 

SJ40 Union Island Toe 0 1 0 2 

SJ41 Fabian Tract 2 11 0 13 

SJ42 Reclamation District 1007 9 10 0 20 

SJ43 Grayson 4 0 0 4 

STK01 Lower Roberts Island 0 0 0 0 

STK06 Stockton East 46 4 17 67 

STK07 Calaveras River 15 0 0 15 

STK08 Bear Creek South 27 0 0 27 

STK09 Bear Creek North 22 0 0 22 

STK10 Central Stockton 0 0 0 0 

Total 1,726 3,165 285 5,176 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
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Table 4-11.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 
2010 October $1,000 – State Systemwide Investment Approach 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SAC01 Woodson Bridge East 26 213 8 246 

SAC02 Woodson Bridge West 4 9 0 13 

SAC03 Hamilton City 489 0 32 521 

SAC04 Capay 37 729 74 840 

SAC05 Butte Basin 252 2,403 198 2,854 

SAC06 Butte City 6 0 0 6 

SAC07 Colusa Basin North 65 65 18 149 

SAC08 Colusa 61 1 5 66 

SAC09 Colusa Basin South 143 453 49 644 

SAC10 Grimes 7 1 0 8 

SAC11 Reclamation District 1500 West 64 101 33 198 

SAC12 Sycamore Slough 0 27 0 28 

SAC13 Knight's Landing 382 2 203 586 

SAC14 Ridge Cut (North) 1 25 0 26 

SAC15 Ridge Cut (South) 10 79 0 89 

SAC16 Reclamation District 2035 11 267 1 280 

SAC17 East of Davis 62 2 7 72 

SAC18 Upper Honcut 26 61 0 88 

SAC20 Gridley 345 8 6 359 

SAC21 Sutter Buttes East 481 211 28 720 

SAC22 Live Oak 807 3 25 835 

SAC23 Lower Honcut 136 118 46 299 

SAC24 Levee District No.1 296 0 25 321 

SAC25 Yuba City 3,480 8 512 4,000 

SAC26 Marysville 298 0 88 386 

SAC27 Linda-Olivehurst 1,657 18 462 2,137 

SAC28 Reclamation District 784 706 73 21 800 

SAC29 Best Slough 388 323 29 740 

SAC30 Reclamation District 1001 306 1,380 29 1,715 

SAC32 Reclamation District 70-1660 226 640 159 1,025 

SAC33 Meridian 200 3 84 286 
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Table 4-11.  HEC-FDA Expected Annual Damages for Sacramento River Basin in 
2010 October $1,000 – State Systemwide Investment Approach (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SAC34 Reclamation District 1500 East 121 360 152 633 

SAC35 Elkhorn 99 1,387 6 1,491 

SAC36 Natomas 3,966 16 1,287 5,269 

SAC37 Rio Linda 1,796 1 1,076 2,874 

SAC38 West Sacramento 2,165 0 997 3,162 

SAC39 Reclamation District 900 654 2 23 679 

SAC40 Sacramento North 5,496 0 3,105 8,601 

SAC41 Reclamation District 302 21 71 1 93 

SAC42 Reclamation District 999 84 109 2 195 

SAC43 Clarksburg 59 0 14 73 

SAC44 Stone Lake 224 7 15 246 

SAC45 Hood 3 0 7 10 

SAC46 Merritt Island 55 84 0 139 

SAC47 Reclamation District 551 156 912 526 1,594 

SAC48 Courtland 247 3 228 479 

SAC49 Sutter Island 15 620 0 635 

SAC50 Grand Island 457 1,279 224 1,959 

SAC51 Locke 16 3 37 56 

SAC52 Walnut Grove 13 0 5 18 

SAC53 Tyler Island 86 358 88 532 

SAC54 Andrus Island 63 172 58 293 

SAC55 Ryer Island 76 486 0 562 

SAC56 Prospect Island 13 105 20 137 

SAC57 Twitchell Island 0 0 0 0 

SAC58 Sherman Island 166 210 508 884 

SAC59 Moore 34 84 0 118 

SAC60 Cache Slough 3 9 0 12 

SAC61 Hastings 16 96 0 112 

SAC62 Lindsey Slough 49 191 0 240 

SAC63 Sacramento South 27,371 2 12,525 39,897 

Total 54,497 13,791 23,044 91,332 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
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Table 4-12.  HEC-FDA Expected Annual Damages for San Joaquin River Basin 
and Stockton Area in 2010 October $1,000 – State Systemwide Investment Approach 

Damage 
Area 

Description 
Structure 

and 
Contents  

Crop  
Business 

Loss 
Total 

SJ01 Fresno 76 3 7 86 

SJ02 Fresno Slough East 94 364 5 463 

SJ03 Fresno Slough West 6 80 0 86 

SJ04 Mendota 27 0 0 28 

SJ05 Chowchilla Bypass 41 728 0 769 

SJ06 Lone Willow Slough 15 464 0 479 

SJ07 Mendota North 1 10 0 10 

SJ08 Firebaugh 24 0 0 24 

SJ09 Salt Slough 899 2,062 83 3,044 

SJ10 Dos Palos 235 18 4 256 

SJ11 Fresno River 7 489 0 496 

SJ12 Berenda Slough 271 3,436 10 3,716 

SJ13 Ash Slough 25 724 6 754 

SJ14 Sandy Mush 12 429 1 442 

SJ15 Turner Island 46 2,500 0 2,546 

SJ16 Bear Creek 12 29 1 42 

SJ17 Deep Slough 6 27 0 33 

SJ18 West Bear Creek 31 91 7 129 

SJ19 Fremont Ford 3 4 0 8 

SJ20 Merced River 142 842 27 1,011 

SJ21 Merced River North 87 219 72 378 

SJ22 Orestimba 24 31 13 69 

SJ23 Tuolumne South 71 278 9 357 

SJ24 Tuolumne River 147 9 30 186 

SJ25 Modesto 238 1 193 432 

SJ26 Three Amigos 22 247 7 276 

SJ27 Stanislaus South 45 133 8 186 

SJ28 Stanislaus North 274 342 33 649 

SJ29 Banta Carbona 121 125 2 248 

SJ30 Paradise Cut 33 182 2 217 

SJ31 Stewart Tract  0 2 0 2 

SJ32 East Lathrop 24 3 16 43 
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Table 4-12.  HEC-FDA Expected Annual Damages for the San Joaquin River Basin 
and Stockton Area in 2010 October $1,000 – State Systemwide Investment 
Approach (contd.) 

Damage 
Area 

Description 
Structure 

and 
Contents 

Crop 
Business 

Loss 
Total 

SJ33 Lathrop/Sharpe  169 1 10 180 

SJ34 French Camp 0 0 0 0 

SJ35 Moss Tract 0 0 0 0 

SJ36 Roberts Island 126 625 6 757 

SJ37 Rough and Ready Island  0 0 0 0 

SJ38 Drexler Tract 19 70 6 95 

SJ39 Union Island 21 73 4 98 

SJ40 Union Island Toe 10 14 0 24 

SJ41 Fabian Tract 3 14 0 17 

SJ42 Reclamation District 1007 8 9 0 17 

SJ43 Grayson 32 0 1 33 

STK01 Lower Roberts Island 0 0 0 0 

STK06 Stockton East 46 4 17 67 

STK07 Calaveras River 15 0 0 15 

STK08 Bear Creek South 27 0 0 27 

STK09 Bear Creek North 22 0 0 22 

STK10 Central Stockton 0 0 0 0 

Total 3,554 14,683 582 18,819 

Key: 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
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4.6 Structures and Population at Risk 

Structures and population at risk were determined for both river basins. 

4.6.1 Structures at Risk 

HAZUS-MH is a computer program developed by FEMA, under contract 

with the National Institute of Building Sciences, to assess potential losses 

from floods, hurricane winds, and earthquakes.  HAZUS-MH comes 

bundled with a wide range of spatial and tabular data and uses GIS 

software (ArcGIS), to map and display hazard data.  Figure 4-1 and Table 

4-13 summarize core data from HAZUS-MH regarding at-risk structures 

inside the Systemwide Planning Area that CVFPP could apply to evaluate 

emergency cost.  There are 2,861 at-risk facilities in the Systemwide 

Planning Area, including more than 1,500 highway bridges and about 700 

schools, also, there are 1,847 miles of transportation segments in the 

Systemwide Planning Area; two-thirds are highways (FEMA, 2010). 

In Figure 4-1, the following definitions of at-risk facilities are used: 

 Transportation – airports, bus stations, ferries, highway bridges, light 

rail facilities, port facilities, railway facilities, railway bridges, and 

runway facilities 

 High Potential Loss – dams and facilities with hazardous materials 

 Emergency Facilities – care facilities, emergency centers, fire stations, 

police stations, and schools 

 Utilities – telecommunication facilities, electric power facilities, oil 

facilities, potable water facilities, and wastewater treatment facilities 

4.6.1 Population at Risk 

Using the 2000 Census population data in HAZUS-MH, census blocks 

inside the Systemwide Planning Area were first identified; then, population 

in the Systemwide Planning Area was prorated based on block area inside 

the Systemwide Planning Area (U.S. Census Bureau, 2000).  It was 

estimated that the total population inside the Systemwide Planning Area is 

1,525,142.  The same approach was applied to estimate the population 

inside each CVFPP HEC-FDA damage area; these numbers are 

summarized in Table 4-14 for the Sacramento River Basin and Table 4-15 

for the San Joaquin River Basin (FEMA, 2010). 
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Figure 4-1.  At-Risk Facilities in the Systemwide Planning Area 
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In the Sacramento River Basin, SAC63 (Sacramento South) has the largest 

population (413,736), followed by SAC40 (Sacramento North – 60,314) 

and SAC25 (Yuba City – 58,020).  In the San Joaquin River Basin, STK10 

(Central Stockton) has the largest population of 124,857, followed by 

STK07 (Calaveras River) – 52,026, STK08 (Bear Creek South) – 37,058, 

SJ25 (Modesto) - 16,344, SJ34 (French Camp - 13,245), SJ35 (Moss Tract 

- 10,501), and SJ33 (Lathrop/Sharpe – 10,342). 

 
Table 4-13.  Lengths of At-Risk Transportation Segments Inside 
Systemwide Planning Area 

Segments Total Miles 

Highway  1,270 

Light Rail 39 

Railway  537 

Total 1,847 
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Table 4-14.  Population for CVFPP HEC-FDA Damage Areas – 
Sacramento River Basin 

Damage 
Area 

Description Population 
Damage 

Area 
Description Population 

SAC01 Woodson Bridge East 714 SAC33 Meridian 214 

SAC02 Woodson Bridge West 129 SAC34 RD 1500 East 329 

SAC03 Hamilton City 2,068 SAC35 Elkhorn 170 

SAC04 Capay 140 SAC36 Natomas 41,141 

SAC05 Butte Basin 755 SAC37 Rio Linda 26,173 

SAC06 Butte City 55 SAC38 West Sacramento 25,605 

SAC07 Colusa Basin North 1,616 SAC39 RD 900 6,018 

SAC08 Colusa 5,933 SAC40 Sacramento North 60,314 

SAC09 Colusa Basin South 1,286 SAC41 RD 302 144 

SAC10 Grimes 292 SAC42 RD 999 751 

SAC11 RD 1500 West 578 SAC43 Clarksburg 292 

SAC12 Sycamore Slough 64 SAC44 Stone Lake 39,386 

SAC13 Knight's Landing 951 SAC45 Hood 182 

SAC14 Ridge Cut (North) 156 SAC46 Merritt Island 214 

SAC15 Ridge Cut (South) 65 SAC47 RD 551 597 

SAC16 RD 2035 205 SAC48 Courtland 70 

SAC17 East of Davis 1,785 SAC49 Sutter Island 121 

SAC18 Upper Honcut 719 SAC50 Grand Island 1,174 

SAC20 Gridley 6,859 SAC51 Locke 149 

SAC21 Sutter Buttes East 5,465 SAC52 Walnut Grove 471 

SAC22 Live Oak 6,328 SAC53 Tyler Island 62 

SAC23 Lower Honcut 1,323 SAC54 Andrus Island 1,824 

SAC24 Levee District. No.1 4,109 SAC55 Ryer Island 287 

SAC25 Yuba City 58,020 SAC56 Prospect Island 2 

SAC26 Marysville 12,320 SAC57 Twitchell Island 112 

SAC27 Linda-Olivehurst 25,516 SAC58 Sherman Island 182 

SAC28 RD 784 1,062 SAC59 Moore 140 

SAC29 Best Slough 361 SAC60 Cache Slough 84 

SAC30 RD 1001 1,272 SAC61 Hastings 48 

SAC32 RD 70-1660 495 SAC62 Lindsey Slough 1,087 

 
 

 
SAC63 Sacramento South 413,736 

Grand Total Population = 761,717 

Source: FEMA, 2010 

Key: 
CVFPP = Central Valley Flood Protection Plan 

HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
RD = Reclamation District 
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Table 4-15.  Population for CVFPP HEC-FDA Damage Areas – San Joaquin 
River Basin, Including Stockton Area 

Damage 
Area 

Description Population 
Damage 

Area 
Description Population 

SJ01 Fresno 2,624 SJ26 Three Amigos 569 

SJ02 Fresno Slough East 782 SJ27 Stanislaus South 156 

SJ03 Fresno Slough West 58 SJ28 Stanislaus North 1,794 

SJ04 Mendota 1,918 SJ29 Banta Carbona 4,840 

SJ05 Chowchilla Bypass 359 SJ30 Paradise Cut 622 

SJ06 Lone Willow Slough 812 SJ31 Stewart Tract  199 

SJ07 Mendota North 71 SJ32 East Lathrop 333 

SJ08 Firebaugh 6,181 SJ33 Lathrop/Sharpe  10,342 

SJ09 Salt Slough 4,093 SJ34 French Camp 13,245 

SJ10 Dos Palos 5,528 SJ35 Moss Tract 10,501 

SJ11 Fresno River 66 SJ36 Roberts Island 488 

SJ12 Berenda Slough 874 SJ37 Rough and Ready Island  1 

SJ13 Ash Slough 359 SJ38 Drexler Tract 64 

SJ14 Sandy Mush 11 SJ39 Union Island 519 

SJ15 Turner Island 95 SJ40 Union Island Toe 12 

SJ16 Bear Creek 257 SJ41 Fabian Tract 172 

SJ17 Deep Slough 4 SJ42 RD 1007 1,066 

SJ18 West Bear Creek 7 SJ43 Grayson 661 

SJ19 Fremont Ford 846 STK01 Lower Roberts Island 321 

SJ20 Merced River 830 STK06 Stockton East 465 

SJ21 Merced River North 1,170 STK07 Calaveras River 52,026 

SJ22 Orestimba 902 STK08 Bear Creek South 37,058 

SJ23 Tuolumne South 414 STK09 Bear Creek North 4,220 

SJ24 Tuolumne River 2,799 STK10 Central Stockton 124,857 

SJ25 Modesto 16,344    

Grand total population = 311,933 

Source: FEMA, 2010 

Key: 

CVFPP = Central Valley Flood Protection Plan 
HEC-FDA = Hydrologic Engineering Center Flood Damage Analysis 
RD = Reclamation District 

 

 



 5.0 References 

January 2012 5-1 
Public Draft 

5.0 References 

California Department of Food and Agriculture (CDFA). 2009a. California 

Agricultural Highlights 2008-2009. < 

http://www.cdfa.ca.gov/statistics/files/AgHighlightsBrochure09.pdf 

>. Retrieved October 22, 2009. 

———. 2009b. County Statistical Data 2008-2009. 

<http://www.cdfa.ca.gov/statistics/files/CDFA_Sec3.pdf>.  

Retrieved October 22, 2009. 

California Department of Water Resources (DWR). 2008. Flood Rapid 

Assessment Model (F-RAM) Development. November. 

———. 2010. State Plan of Flood Control Descriptive Document. 

CDFA.  See California Department of Food and Agriculture. 

Cowdin, Steve. 2010.  Personal Communication. Subject: Assigning land 

use description. July 9, 2010. 

DWR.  See California Department of Water Resources. 

EIA.  See Energy Information Administration. 

Energy Information Administration (EIA). 2006. 2003 Commercial 

Buildings Energy Consumption Survey – Building Characteristics. 

Revised June 2006. 

Federal Emergency Management Agency (FEMA). 2009. Benefit Cost 

Analysis Tool (v 4.5.5). 2009. 

———. 2010. Web. 

<http://www.fema.gov/plan/prevent/hazus/index.shtm> 

Federal Reserve. 2011. Industrial Production and Capacity Utilization, 

Statistical Release G.17. August 16, 2011. 

FEMA.  See Federal Emergency Management Agency. 

Institute for Supply Management. 2010. December 2010 Semiannual 

Economic Forecast. 

M&S.  See Marshall & Swift. 



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

5-2 January 2012 
 Public Draft 

Marshall & Swift (M&S). 2010. Marshall Valuation Service. 3
rd

 Quarter. 

October. 

MIG Inc.  See Minnesota IMPLAN Group. 

Minnesota IMPLAN Group (MIG Inc.). 2009. 2009 California County 

Dataset. 

Reclamation.  See U.S. Department of the Interior, Bureau of Reclamation. 

Sacramento Area Flood Control Agency (SAFCA). 2011. Web. 

<http://www.safca.org> 

SAFCA.  See Sacramento Area Flood Control Agency. 

TRLIA.  See Three Rivers Levee Improvement Authority. 

Three River Levee Improvement Authority (TRLIA). 2011. Web. 

<http://www.trlia.org/index.htm> 

University of California Agriculture Issues Center (UC AIC) 2009. The 

Measure of California Agriculture. 

<http://aic.ucdavis.edu/publications/moca/moca09/moca09menu.ht

m>. Retrieved on January 12, 2011. 

University of California, Davis (UC Davis).  2010. Agricultural 

Commissioner’s Report for San Joaquin County. 

USACE.  See U.S. Army Corps of Engineers. 

U.S. Army Corps of Engineers (USACE). 2002a Sacramento and San 

Joaquin River Basins Comprehensive Study.  Interim Report. 

Sacramento, California. 

———. 2002b. Technical Studies Documentation, Appendix E – Risk 

Analysis. Sacramento and San Joaquin River Basins 

Comprehensive Study.  Sacramento, California. 

———. 2002c. Technical Studies Documentation, Appendix F – Economic 

Technical Documentation. Sacramento and San Joaquin River 

Basins Comprehensive Study.  Sacramento, California. 

———. 2008a. HEC-FDA Flood Damage Reduction Analysis, version 

1.2.4, User’s Manual. Hydrologic Engineering Center, 2008. 



 5.0 References 

January 2012 5-3 
Public Draft 

———. 2008b. Final Economic Reevaluation Report. American River 

Watershed Project, California. Folsom Dam Modification and 

Folsom Dam Raise Projects. Appendix D – Economics. February.  

———. 2009. Marysville Ring Levee Engineering Documentation Report. 

———. 2010a. General Reevaluation Report. American River Watershed 

Common Features Project, California. Final Draft Emergency Cost 

and Relief Methodology and Concept Paper. Sacramento, 

California. January. 

———. 2010b. Bedker, Gary, personal communication. Agricultural 

Damages spreadsheets used in Sacramento and San Joaquin River 

Basins Comprehensive Study.  Sacramento, California. October. 

U.S. Census Bureau. 2000. Web. TIGER/Line 2000 Database. November 

23, 2010. < http://www.census.gov/>. 

USDA.  See U.S. Department of Agriculture. 

U.S. Department of Agriculture (USDA).  2010. Agricultural Prices. 

U.S. Department of the Interior, Bureau of Reclamation (Reclamation) 

2009. Web . July 23, 2009. 

<http://www.usbr.gov/mp/jfp/project/index.html> 

U.S. Water Resources Council. 1983. Economic and Environmental 

Principles and Guidelines for Water and Related Land Resources 

Implementation Studies 

WRC.  See U.S. Water Resources Council. 

  



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

5-4 January 2012 
 Public Draft 

 

This page left blank intentionally. 
 

 



 6.0 Acronyms and Abbreviations 

January 2012 6-1 
Public Draft 

6.0 Acronyms and Abbreviations 

AEP .................................. annual exceedence probability 

Ag damage spreadsheet .. Comprehensive Study Agricultural Damage 
Spreadsheet 

APN .................................. Assessor Parcel Number 

Board ............................... The Reclamation Board or Central Valley Flood 
Protection Board 

Breach .............................. levee failure 

CDFA ............................... California Department of Food and Agriculture 

cfs .................................... cubic feet per second 

Comprehensive Study ...... Sacramento and San Joaquin River Basins 
Comprehensive Study 

CPI ................................... Consumer Price Index 

CVFPP ............................. Central Valley Flood Protection Plan 

DDF .................................. depth-damage function 

Delta ................................. Sacramento-San Joaquin Delta 

DWR ................................ California Department of Water Resources 

EAD .................................. expected annual damages 

EFSC ............................... Enhance Flood System Capacity 

EIA ................................... Energy Information Administration 

FEMA ............................... Federal Emergency Management Agency 

FloodSAFE ....................... DWR FloodSAFE California 

F-RAM .............................. Flood Rapid Assessment Model  

GIS ................................... geographic information system 

HEC-FDA ......................... Hydrologic Engineering Center Flood Damage 
Analysis  

HEC-RAS ......................... Hydrologic Engineering Center River Analysis 
System 

IMPLAN ............................ IMPact Analysis for PLANning 

LFPZ ................................ Levee Flood Protection Zones 

NED ................................. national economic development 

NFIP ................................. National Flood Insurance Program 
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NRCS ............................... Natural Resources Conservation Service 

NULE ............................... Non-Urban Levee Evaluation 

OES ................................. State Office of Emergency Services 

P&G ................................. Principles and Guidelines 

PHRC ............................... Protect High Risk Communities 

RD .................................... Reclamation District 

Reclamation ..................... U.S. Department of Interior, Bureau of 
Reclamation 

SAFCA ............................. Sacramento Area Flood Control Agency 

SJAFCA ........................... San Joaquin Area Flood Control Agency 

SPFC ............................... State Plan of Flood Control 

SSIA ................................. State Systemwide Investment Approach 

Stage ................................ maximum water surface elevation  

State ................................. State of California 

TRLIA ............................... Three Rivers Levee Improvement Authority 

UC Davis .......................... University of California, Davis 

ULE .................................. Urban Levee Evaluation 

UNET ............................... Unsteady flow through a NETwork of open 
channels 

USACE ............................. U.S. Army Corps of Engineers 

USDA ............................... U.S. Department of Agriculture 
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Table A-1.  Butte County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

00 Valid 0 value Misc MISC Miscellaneous 

99 No Definition available Misc MISC Miscellaneous 

9999 No Definition available Misc MISC Miscellaneous 

AA Almonds CROP CROP Crops 

AB Mixed nuts CROP CROP Crops 

AC Citrus CROP CROP Crops 

AD Dry farming CROP CROP Crops 

AE Pears CROP CROP Crops 

AF Field and Row crops CROP CROP Crops 

AG Grazing CROP CROP Crops 

AI Irrigated pasture CROP CROP Crops 

AJ Peaches CROP CROP Crops 

AK Kiwis CROP CROP Crops 

AM Mixed fruit crops CROP CROP Crops 

AN Mixed fruit/nut crops CROP CROP Crops 

AO Olives CROP CROP Crops 

AP Prunes CROP CROP Crops 

AQ Christmas trees CROP CROP Crops 

AR Rice CROP CROP Crops 

AT Timber CROP CROP Crops 

AU Pistachios CROP CROP Crops 

AV Vines CROP CROP Crops 

AW Walnuts CROP CROP Crops 

AY Mixed agricultural CROP CROP Crops 

AZ Miscellaneous CROP CROP Crops 

CC Service (garage, shop, mini-mart) COM C-SERV Commercial Service-Auto  

CI Institutional (church, hospital) COM C-HOS Hospital  

CP 
Commercial/professional (bank, 
etc.) 

COM C-RET Commercial Retail  

CR 
Residential (motel, hotel, mobile 
home park) 

COM C-HOTEL Hotel  

CS Commercial retail (stores, etc.) COM C-RET Commercial Retail  

CT Recreational (theatre, golf, etc.) PUB P-REC Public Recreation/Assembly  

CU Utilities PUB P-GOV Public Government Building  

CV Commercial vacant Misc MISC Miscellaneous 

CZ Miscellaneous commercial COM MISC-COM Miscellaneous Commercial 
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Table A-1.  Butte County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

IM Manufacturing IND I-HV Industrial Heavy Manufacture  

IV Industrial vacant Misc MISC Miscellaneous 

IW Warehouse/wholesale operations IND I-WH Industrial Warehouse  

IZ Miscellaneous industrial IND MISC-IND Miscellaneous Industrial 

MZ Timber, oil, and gas rights Misc MISC Miscellaneous 

R2 Duplex MFR MFR Multi-Family Residential  

R3 Triplex MFR MFR Multi-Family Residential  

R4 Fourplex MFR MFR Multi-Family Residential  

R7 Multiple residential, not matching MFR MFR Multi-Family Residential  

RA Five or more units - apartments MFR MFR Multi-Family Residential  

RC Condominium MFR MFR Multi-Family Residential  

RM 
Single-family dwelling - property tax 
mobile home 

MH MH Mobile Home Single/Double 

RN 
Single-family dwelling - license fee 
mobile home 

MH MH Mobile Home Single/Double 

RP Permanent foundation mobile home MH MH Mobile Home Single/Double 

RQ 
Single-family dwelling - mobile 
home UNK STAT 

MH MH Mobile Home Single/Double 

RS Single-family dwelling - stick built SFR SFR 
Single-family 
Residential  W/Basement 

RV Vacant Misc MISC Miscellaneous 

RW Modular COM C-SHOP Commercial Shopping Center  

RZ Miscellaneous FARM FARM 
Farm Buildings Including 
Primary RES 

UU Not usable (ditches, etc.) Misc MISC Miscellaneous 
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Table A-2.  Colusa County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

A Agriculture CROP CROP Crops 

A= No Definition Available Misc MISC Miscellaneous 

A9 Special Agriculture CROP CROP Crops 

AA Agriculture: Agriculture Services CROP CROP Crops 

AD Diversified agricultural (irrigated) CROP CROP Crops 

AK Dry Farm CROP CROP Crops 

AL Livestock (grazing) CROP CROP Crops 

AO Orchard CROP CROP Crops 

AR Rice CROP CROP Crops 

AT Grain storage drying IND I-LT Industrial Light  

AV Vacant Misc MISC Miscellaneous 

AW Waste Misc MISC Miscellaneous 

AY Duck club PUB P-REC Public Recreation/Assembly  

C Commercial COM C-OFF Commercial Office  

C3 Triplex COM C-OFF Commercial Office  

C9 Special – a ll others COM MISC-COM Miscellaneous Commercial 

CA Agricultural service FARM FARM 
Farm Buildings Including 
Primary RES 

CB Financial COM C-RET Commercial Retail  

CD Diversified agricultural (irrigated) CROP CROP Crops 

CE Retail outlet COM C-RET Commercial Retail  

CF Food service (bar, restaurant, etc.) COM C-RESTFF Commercial Fast Food Rest  

CG Golf course PUB P-REC Public Recreation/Assembly  

CH Hotel/motel COM C-HOTEL Hotel  

CI Auto sales COM C-DEAL Full Service Auto Dealership  

CJ Garage and service station COM C-SERV Commercial Service-Auto  

CM Medical COM C-MED Commercial Medical  

CN Diversified commercial COM MISC-COM Miscellaneous Commercial 

CP Petroleum wholesale IND I-WH Industrial Warehouse  

CT Grain storage drying IND I-WH Industrial Warehouse  

CU Mobilehome park MH MH Mobile Home Single/Double 

CV Vacant Misc MISC Miscellaneous 

CW Waste COM MISC-COM Miscellaneous Commercial 

CX Dairy IND I-LT Industrial Light  

CY Duck club PUB P-REC Public Recreation/Assembly  

CZ Office COM C-OFF Commercial Office  

ER Easement_Rice CROP CROP Crops 

EV Easement_Vacant Misc MISC Miscellaneous 
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Table A-2.  Colusa County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

EW Easement_Waste Misc MISC Miscellaneous 

EY Easement_Duck club PUB P-GOV Public Government Building  

A Agriculture CROP CROP Crops 

A= No Definition Available Misc MISC Miscellaneous 

A9 Special Agriculture CROP CROP Crops 

AA Agriculture: Agriculture Services CROP CROP Crops 

AD Diversified agricultural (irrigated) CROP CROP Crops 

AK Dry Farm CROP CROP Crops 

AL Livestock (grazing) CROP CROP Crops 

AO Orchard CROP CROP Crops 

AR Rice CROP CROP Crops 

AT Grain storage drying IND I-LT Industrial Light  

AV Vacant Misc MISC Miscellaneous 

AW Waste Misc MISC Miscellaneous 

G Government PUB P-GOV Public Government Building  

G9 Government_Special PUB P-GOV Public Government Building  

GA Government_Agricultural service PUB P-GOV Public Government Building  

GD 
Government_Diversified agricultural 
(irrigated) 

PUB P-GOV Public Government Building  

GF Government_Food service PUB P-GOV Public Government Building  

GN Government_Diversified commercial PUB P-GOV Public Government Building  

GQ Government_Quarry PUB P-GOV Public Government Building  

GS Government_School PUB P-GOV Public Government Building  

GV Government_Vacant Misc MISC Miscellaneous 

GW Government_Waste PUB MISC-PUB Miscellaneous Public/Gov 

GZ Government_Office PUB P-GOV Public Government Building  

I9 Special - all others IND MISC-IND Miscellaneous Industrial 

IA Agricultural service IND I-LT Industrial Light  

IT Grain storage drying IND I-LT Industrial Light  

IV Vacant Misc MISC Miscellaneous 

IW Industrial Waste IND I-LT Industrial Light  

NG Recreational_Golf course PUB P-REC Public Recreation/Assembly  

NV Recreational_Vacant Misc MISC Miscellaneous 

PM Professional_Medical COM C-MED Commercial Medical  

PZ Professional_Medical COM C-MED Commercial Medical  

R Residential SFR SFR Single-family Residential 

R1 Single-family residence SFR SFR Single-family Residential 

R2 Duplex MFR MFR Multi-Family Residential  
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Table A-2.  Colusa County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

R3 Triplex MFR MFR Multi-Family Residential  

R4 Multiple (4 or more) MFR MFR Multi-Family Residential  

R5 Multiple single MFR MFR Multi-Family Residential  

R6 Mobilehome site MH MH Mobile Home Single/Double 

R7 Combination mobilehome/residential MH MH Mobile Home Single/Double 

R9 Special - all others SFR MISC-RES Miscellaneous Residential 

RI Auto sales COM C-AUTO Commercial Auto Sales  

RM Medical COM C-MED Commercial Medical  

RU Mobilehome park MH MH Mobile Home Single/Double 

RV Vacant Misc MISC Miscellaneous 

RW Waste SFR MISC-RES Miscellaneous Residential 

W1 
Williamson Act_Single-family 
residence 

SFR SFR Single-family Residential 

WD 
Williamson Act_Diversified 
agricultural  

CROP MISC-AG Miscellaneous Agriculture 

WK Williamson Act_Dry Farm CROP MISC-AG Miscellaneous Agriculture 

WL Williamson Act_Livestock FARM 
MISC-
FARM 

Miscellaneous Farm 

WLE 
Williamson Act_Livestock_Retail 
outlet 

FARM 
MISC-
FARM 

Miscellaneous Farm 

WO Williamson Act_Orchard CROP MISC-AG Miscellaneous Agriculture 

WR Williamson Act_Rice CROP MISC-AG Miscellaneous Agriculture 

WW Williamson Act_Waste CROP MISC-AG Miscellaneous Agriculture 

WY Williamson Act_Duck club PUB MISC-PUB Miscellaneous Public/Gov 

XD Unknown Misc MISC Miscellaneous 

XK Unknown Misc MISC Miscellaneous 

XO Unknown Misc MISC Miscellaneous 

XR Unknown Misc MISC Miscellaneous 

Y9 Institutional_Special  PUB MISC-PUB Miscellaneous Public/Gov 

YA Institutional_Agricultural service PUB P-GOV Public Government Building  

YC Institutional_Church PUB P-CH Public Church  

YR Institutional_Rice IND I-WH Industrial Warehouse  

YS Institutional_School PUB P-SCH Public and Private Schools  
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Table A-3.  Contra Costa County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

10 Vacant, unbuildable MISC Misc Miscellaneous 

11 
Single-family, 1 residential on 1 
Site and Duets w/o common areas 

SFR SFR Single-family Residential 

12 
Single-family, 1 residential on 2 or 
more sites 

MFR MFR Multi-Family Residential  

13 
Single-family, 2 or more 
residential on 1 or more sites 

MFR MFR Multi-Family Residential  

14 
Single-family on other than single-
family land 

MFR MFR Multi-Family Residential  

15 
Miscellaneous improvements, 1 
site 

MISC-RES SFR Miscellaneous Residential 

16 
Misc. improvements on 2 or more 
sites; includes trees and vines 

MISC-RES SFR Miscellaneous Residential 

17 
Vacant, 1 site (includes PUD 
sites) 

MISC Misc Miscellaneous 

18 Vacant, 2 or more sites MISC Misc Miscellaneous 

19 

Single-family residential, 
detached, w/common area 
(normal Subdivision type PUD); 
duets w/common area 

SFR SFR Single-family Residential 

20 Vacant MISC Misc Miscellaneous 

21 Duplex MFR MFR Multi-Family Residential  

22 Triplex MFR MFR Multi-Family Residential  

23 Fourplex MFR MFR Multi-Family Residential  

24 
Combinations (e.g., single and a 
double) 

MFR MFR Multi-Family Residential  

25 Apartments, 5-12 units, inclusive MFR MFR Multi-Family Residential  

26 Apartments, 13-24 units, inclusive MFR MFR Multi-Family Residential  

27 Apartments, 25-59 units, inclusive MFR MFR Multi-Family Residential  

28 Apartments, 60 units or more MFR MFR Multi-Family Residential  

29 
Attached PUDs, cluster homes, 
co-ops, condos, townhouses, etc. 

MFR MFR Multi-Family Residential  

30 Vacant MISC Misc Miscellaneous 

31 
Commercial stores (not 
supermarkets) 

C-RET COM Commercial Retail  

32 
Small grocery stores (7-11, mom 
and pop, quick-stop) 

C-FOOD COM Commercial Food-Retail  

33 Office buildings C-OFF COM Commercial Office  

34 Medical; dental C-MED COM Commercial Medical  

35 
Service stations; car washes; bulk 
plants 

C-SERV COM Commercial Service-Auto  

36 Garages C-SERV COM Commercial Service-Auto  
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Table A-3.  Contra Costa County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

37 
Community facilities; recreational; 
swim pool association 

P-REC PUB Public Recreation/Assembly  

38 Golf courses P-REC PUB Public Recreation/Assembly  

39 Bowling alleys P-REC PUB Public Recreation/Assembly  

40 Boat Harbors P-REC PUB Public Recreation/Assembly  

41 
Supermarkets (not in shopping 
centers) 

C-RET COM Commercial Retail  

42 
Shopping centers (all parcels 
include vacant for future shopping 
Center 

C-SHOP COM Commercial Shopping Center  

43 
Financial buildings (insurance and 
title companies, banks, savings 
and loans) 

C-RET COM Commercial Retail  

44 
Motels, hotels, and mobile home 
parks 

C-HOTEL COM Hotel  

45 Theaters P-REC PUB Public Recreation/Assembly  

46 
Drive-in restaurants (hamburger, 
taco, etc.) 

C-REST COM Commercial Restaurants  

47 
Restaurants (not drive-in; inside 
service only) 

C-REST COM Commercial Restaurants  

48 
Multiple and commercial; 
miscellaneously improved 

MISC-COM COM Miscellaneous Commercial 

49 New car auto agencies C-AUTO COM Commercial Auto Sales  

50 
Vacant Land (not part of industrial 
park or P. and D.) 

MISC Misc Miscellaneous 

51 
Industrial Park (with or without 
structures) 

I-WH IND Industrial Warehouse  

52 
Research and Development, with 
or without structures 

I-LT IND Industrial Light  

53 Light industrial I-LT IND Industrial Light  

54 Heavy industrial I-HV IND Industrial Heavy Manufacture  

55 Mini-warehouse (public storage) I-WH IND Industrial Warehouse  

56 
Miscellaneous improvements, 
including T & Von light or heavy 
industrial 

I-HV IND Industrial Heavy Manufacture  

61 
Rural, residential improved; 1 to 
10 acres 

FARM FARM 
Farm Buildings Including 
Primary RES 

62 
Rural, with or without 
miscellaneous structures, 1 to 10 
acres 

FARM FARM 
Farm Buildings Including 
Primary RES 

63 Urban acreage, 10 to 40 acres MISC Misc Miscellaneous 

64 
Urban acreage, more than 40 
acres 

MISC Misc Miscellaneous 
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Table A-3.  Contra Costa County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

65 
Orchards, vineyards, row crops, 
irrigated pastures, 10 to 40 acres 

CROP CROP Crops 

66 
Orchards, vineyards, row crops, 
irrigated pastures, over 40 acres 

CROP CROP Crops 

67 
Dry farming, grazing and 
pasturing, 10 to 40 acres 

MISC Misc Miscellaneous 

68 
Dry farming, grazing and 
pasturing, over 40 acres 

MISC Misc Miscellaneous 

69 Agricultural preserves MISC Misc Miscellaneous 

70 
Convalescent hospitals and rest 
homes 

C-HOS COM Hospital  

71 Churches P-CH PUB Public Church  

72 
Schools, public or private, with or 
without improvements 

P-SCH PUB Public and Private Schools  

73 
Hospitals, with or without 
improvements 

C-HOS COM Hospital  

74 Cemeteries, mortuaries MISC Misc Miscellaneous 

75 
Fraternal and service 
organizations 

P-REC PUB Public Recreation/Assembly  

76 Retirement housing complex MFR MFR Multi-Family Residential  

77 Cultural uses (libraries) P-REC PUB Public Recreation/Assembly  

78 Parks and playgrounds P-REC PUB Public Recreation/Assembly  

79 
Government-owned, with or 
without buildings (federal, state, 
city, BART) 

P-GOV PUB Public Government Building  

81 Private roads MISC Misc Miscellaneous  

82 Pipelines and canals MISC Misc Miscellaneous  

83 State board assessed parcels MISC-PUB PUB Miscellaneous Public/Gov 

84 
Utilities, with or without buildings 
(not assessed by SBE) 

MISC-PUB PUB Miscellaneous Public/Gov 

85 Public and private parking MISC Misc Miscellaneous 

86 
Taxable municipally-owned 
property 

MISC-PUB PUB Miscellaneous Public/Gov 

87 
Common area parcels in PUDs 
(open spaces, recreational 
facilities) 

MISC-PUB PUB Miscellaneous Public/Gov 

89 
Other; split parcels in different Tax 
Code Areas 

MISC Misc Miscellaneous 
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Table A-4.  Fresno County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

A*******  FARM FARM 
Farm Buildings Including 
Primary RES 

C000*** Vacant C-RET COM Commercial Retail  

CA***** Apartment MFR MFR Multi-Family Residential  

CALM000 Almonds CROP CROP Crops 

CASC*** Auto Service and New Car Sales C-AUTO COM Commercial Auto Sales  

CBOA*** Bowling Alleys P-REC PUB Public Recreation/Assembly 

CC***** Condominium MFR MFR Multi-Family Residential  

CCAW*** Car Wash C-SERV COM Commercial Service-Auto  

CCHU*** Churches P-CH PUB Public Church  

CCLH*** Club House P-REC PUB Public Recreation/Assembly  

CCOH*** Convalescent Hospital C-HOS COM Hospital  

CCOS*** 
Cold Storage and Slaughter 
Houses 

I-WH IND Industrial Warehouse  

CCS**** Commercial Stores C-RET COM Commercial Retail  

CDES*** Department Store C-SHOP COM 
Commercial Shopping 
Center  

CDIH*** Discount House C-SHOP COM 
Commercial Shopping 
Center  

CFAC*** Factory I-LT IND Industrial Light  

CFIE*** Field Cropland CROP CROP Crops 

CFIG*** Figs CROP CROP Crops 

CFII*** Banks / (FI)nancial (I)nstitutions C-OFF COM Commercial Office  

CFRL*** Fraternal Lodge MFR MFR Multi-Family Residential  

CFUH*** Funeral Home C-MED COM Commercial Medical  

CG01*** Unknown C-OFF COM Commercial Office  

CGAR*** Garages C-SERV COM Commercial Service-Auto  

CGO**** General Office C-OFF COM Commercial Office  

CGOC*** Golf Course P-REC PUB Public Recreation/Assembly  

CGRASM1 Granary and Rice Mills I-WH IND Industrial Warehouse  

CH***** Hotel C-HOTEL COM Hotel  

CHOH*** Hot House FARM FARM 
Farm Buildings Including 
Primary RES 

CHOS*** Hospital C-MED COM Commercial Medical  

CLII*** Light Industrial I-LT IND Industrial Light  

CLIM*** Light Manufacturing I-LT IND Industrial Light  

CLUY*** Lumber Yard I-LT IND Industrial Light  

CM01*** Motel C-HOTEL COM Hotel  

CMD1*** Medical-Dental Office C-MED COM Commercial Medical  
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Table A-4.  Fresno County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

CMH1*** 
Manufactured Home on 
Permanent Foundation 

SFR SFR Single-family Residential 

CMNS*** Mini Storage I-WH IND Industrial Warehouse  

CNUR*** Nurseries (Plants) C-RET COM Commercial Retail  

COIL*** Oil and Gas "C" is  Bulk Plant I-HV IND Industrial Heavy Manufacture  

COM1*** Only Manufactured Home MH MH Mobile Home Single/Double 

COUTLOT Outlot CROP CROP Crops 

CPAH*** Packing House I-WH IND Industrial Warehouse  

CPAS*** Pasture - Native CROP CROP Crops 

CPCI*** 
Partially completed 
improvements 

C-RET COM Commercial Retail  

CPLU*** Plums CROP CROP Crops 

CPND*** Ponding Basins CROP CROP Crops 

CPOS*** Potential Subdivision (Primary) C-RET COM Commercial Retail  

CPOUGO1 Poultry FARM FARM 
Farm Buildings Including 
Primary RES 

CPSL*** Parking/Sales Lot (used cars) C-AUTO COM Commercial Auto Sales  

CPUB*** Publicly Owned GOV PUB Government Administrative 

CREC*** Recreation P-REC PUB Public Recreation/Assembly  

CRES*** Restaurant C-FOOD COM Commercial Food-Retail  

CS***** Single-family Residential SFR SFR Single-family Residential 

CSCCSCC Shopping Center (Community) C-SHOP COM 
Commercial Shopping 
Center  

CSCH*** Schools and Day nurseries P-SCH PUB Public and Private Schools  

CSCNSCN Shopping Center (Neighborhood) C-SHOP COM 
Commercial Shopping 
Center  

CSCQSCQ Shopping Center (Mini) C-SHOP COM 
Commercial Shopping 
Center  

CSCRSCR Shopping Center (Regional) C-SHOP COM 
Commercial Shopping 
Center  

CSES*** Service Station C-SERV COM Commercial Service-Auto  

CSFS*** Small Food Store = 7/11 Type C-RESTFF COM Commercial Fast Food Rest  

CSM2*** 
Single-family and Manufactured 
Home 

SFR SFR Single-family Residential 

CSOH*** Fraternity (Social) House SFR SFR Single-family Residential 

CSS1*** Suburban and Country Stores C-RET COM Commercial Retail  

CSUM*** Supermarket C-GROC COM Commercial Grocery Store  

CTHD*** Theater Drive-In P-REC PUB Public Recreation/Assembly  

CTHE*** Theater P-REC PUB Public Recreation/Assembly  

CTTTTTT Temporary Use Code C-RET COM Commercial Retail  
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Table A-4.  Fresno County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

CTWR*** Cell Tower Sites P-GOV PUB Public Government Building  

CVIR*** Vines - Raisin varieties CROP CROP Crops 

CVLM*** 
Vacant Land with Minor 
Improvements Only 

MISC Misc Miscellaneous 

CWAC*** Water Company GOV PUB Government Administrative 

CWAH*** Warehouse I-WH IND Industrial Warehouse  

CWALS01 Walnuts FARM FARM 
Farm Buildings Including 
Primary RES 

C****** Other C-RET COM Commercial Retail  

I****** Vacant MISC Misc Miscellaneous. 

IA02*** Apartment MFR MFR Multi-Family Residential  

IALM*** Almonds CROP CROP Crops 

IASC*** Auto Service and New Car Sales C-AUTO COM Commercial Auto Sales  

IBOA*** Bowling Alleys P-REC PUB Public Recreation/Assembly  

ICAW*** Car Wash C-SERV COM Commercial Service-Auto  

ICHU*** Churches P-CH PUB Public Church  

ICOG*** Cotton Gin and CompRES I-WH IND Industrial Warehouse  

ICOS*** 
Cold Storage and Slaughter 
Houses 

I-WH IND Industrial Warehouse  

ICS1*** Commercial Stores C-RET COM Commercial Retail  

IFAC*** Factory I-LT IND Industrial Light  

IFIEVLM Field Cropland CROP CROP Crops 

IFII*** Banks / (FI)nancial (I)nstitutions C-OFF COM Commercial Office  

IFRL*** Fraternal Lodge MFR MFR Multi-Family Residential  

IFTM*** Freight Truck Terminals I-WH IND Industrial Warehouse  

IFUH*** Funeral Home C-MED COM Commercial Medical  

IG03WAH Unknown C-OFF COM Commercial Office  

IGAR*** Garages I-WH IND Industrial Warehouse  

IGO1*** General Office C-OFF COM Commercial Office  

IGRA*** Granary and Rice Mills I-LT IND Industrial Light  

ILII*** Light Industrial I-LT IND Industrial Light  

ILIM*** Light Manufacturing I-LT IND Industrial Light  

ILUY*** Lumber Yard I-LT IND Industrial Light  

IM***** Motel C-HOTEL COM Hotel  

IMD1*** Medical-Dental Office C-MED COM Commercial Medical  

IMH2PSL 
Manufactured Home on 
Permanent Foundation 

MH MH Mobile Home Single/Double 

IMHP*** Manufactured Home Park MH MH Mobile Home Single/Double 

IMNS*** Mini Storage I-WH IND Industrial Warehouse  
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Table A-4.  Fresno County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

INEC*** Nectarines CROP CROP Crops 

INUR*** Nurseries (Plants) FARM FARM 
Farm Buildings Including 
Primary RES 

IOIL*** Oil and Gas "C" is Bulk Plant I-HV IND Industrial Heavy Manufacture  

IOM1*** Only Manufactured Home MH MH Mobile Home Single/Double 

IORA*** Oranges CROP CROP Crops 

IOUTLOT Outlot CROP CROP Crops 

IPAH*** Packing House I-WH IND Industrial Warehouse  

IPLU*** Plums CROP CROP Crops 

IPND*** Ponding Basins CROP CROP Crops 

IPOS*** Potential Subdivision (Primary) I-LT IND Industrial Light  

IPOUCOS Poultry FARM FARM 
Farm Buildings Including 
Primary RES 

IPSL*** Parking/Sales Lot (used cars) C-AUTO COM Commercial Auto Sales  

IPUB*** Publicly Owned GOV PUB Government Administrative 

IREC*** Recreation P-REC PUB Public Recreation/Assembly  

IRES*** Restaurant C-FOOD COM Commercial Food-Retail  

IS***** Single-family Residential SFR SFR Single-family Residential 

ISCH*** Schools and Day nurseries P-SCH PUB Public and Private Schools  

ISES*** Service Station C-SERV COM Commercial Service-Auto  

ISFS*** Small Food Store = 7/11 Type C-RESTFF COM Commercial Fast Food Rest  

ISGP*** Sand-Gravel Pits I-LT IND Industrial Light  

ISM**** 
Single-family and Manufactured 
Home 

SFR SFR Single-family Residential 

ISOH*** Fraternity (Social) House MFR MFR Multi-Family Residential  

ISS1*** Suburban and Country Stores C-RET COM Commercial Retail  

ITRX*** Trees - Mixed CROP CROP Crops 

ITTTTTT Temporary Use Code I-LT IND Industrial Light  

ITVXS02 Trees - Vines Mixed CROP CROP Crops 

ITWR*** Cell Tower Sites I-LT IND Industrial Light  

IVIR*** Vines - Raisin varieties CROP CROP Crops 

IVIX*** Vines - Mixed CROP CROP Crops 

IVLM*** 
Vacant Land with Minor 
Improvements Only 

MISC Misc Miscellaneous 

IWAC*** Water Company GOV PUB Government Administrative 

IWAH*** Warehouse I-WH IND Industrial Warehouse  

IWIN*** Winery C-SHOP COM Commercial Shopping Center  

IXXX*** Other MISC Misc Miscellaneous 

M****** Vacant MISC Misc Miscellaneous 
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Table A-4.  Fresno County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

MA01*** Apartment MFR MFR Multi-Family Residential  

MCHU*** Churches P-CH PUB Public Church  

MCLH*** Club House MFR MFR Multi-Family Residential  

MCOH*** Convalescent Hospital C-HOS COM Hospital  

MCS1*** Commercial Stores I-WH IND Industrial Warehouse  

MFRL*** Fraternal Lodge MFR MFR Multi-Family Residential  

MFUHS01 Funeral Home C-MED COM Commercial Medical  

MS***** Single-family Residential SFR SFR Single-family Residential 

MSCH*** Schools and Day nurseries P-SCH PUB Public and Private Schools  

MSOH*** Fraternity (Social) House MFR MFR Multi-Family Residential  

MTTTTTT Temporary Use Code MFR MFR Multi-Family Residential  

O****** Vacant MISC Misc Miscellaneous 

OALM*** Almonds CROP CROP Crops 

OAPP*** Apples CROP CROP Crops 

OAPR*** Apricots CROP CROP Crops 

OASP*** Asparagus CROP CROP Crops 

OBUS*** Bushberries CROP CROP Crops 

OCHE*** Cherries CROP CROP Crops 

OCOG*** Cotton Gin and CompRES I-LT IND Industrial Light  

ODAI*** Dairies FARM FARM 
Farm Buildings Including 
Primary RES 

ODRY*** Dry Farming CROP CROP Crops 

OEUCOM1 Eucalyptus Grove CROP CROP Crops 

OFIE*** Field Cropland CROP CROP Crops 

OKIW*** Kiwi CROP CROP Crops 

OLAB*** Labor Housing MH MH Mobile Home Single/Double 

OLEM*** Lemons CROP CROP Crops 

ONEC*** Nectarines CROP CROP Crops 

OOLI*** Olives CROP CROP Crops 

OORA*** Oranges CROP CROP Crops 

OPAH*** Packing House I-WH IND Industrial Warehouse  

OPAS*** Pasture – Native CROP CROP Crops 

OPCI*** 
Partially completed 
improvements 

CROP CROP Crops 

OPEA*** Peaches CROP CROP Crops 

OPEC*** Pecans CROP CROP Crops 

OPER*** Persimmons CROP CROP Crops 

OPIS*** Pistachios CROP CROP Crops 



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

Appendix A: County Landuse Codes 

A-14 January 2012 

 Public Draft 

Table A-4.  Fresno County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

OPLU*** Plums CROP CROP Crops 

OPOM*** Pomegranates CROP CROP Crops 

OPOS*** Potential Subdivision (Primary) CROP CROP Crops 

OPOU*** Poultry FARM FARM 
Farm Buildings Including 
Primary RES 

OPRU*** Prunes CROP CROP Crops 

OREC*** Recreation P-REC PUB Public Recreation/Assembly  

OS***** Single-family Residential SFR SFR Single-family Residential 

OSGP*** Sand-Gravel Pits I-LT IND Industrial Light  

OSM2*** 
Single-family and Manufactured 
Home 

SFR SFR Single-family Residential 

OSTA*** Stables FARM FARM 
Farm Buildings Including 
Primary RES 

OTIM*** Timberland CROP CROP Crops 

OTPZ*** Timber Preserve Zone CROP CROP Crops 

OTRX*** Trees – Mixed CROP CROP Crops 

OTTTTTT Temporary Use Code CROP CROP Crops 

OTVX*** Trees – Vines Mixed CROP CROP Crops 

OVIR*** Vines – Raisin varieties CROP CROP Crops 

OVIT*** Vines – Table varieties CROP CROP Crops 

OVIX*** Vines – Mixed CROP CROP Crops 

OWAH*** Warehouse I-WH IND Industrial Warehouse  

OWAL*** Walnuts CROP CROP Crops 

OXXX*** Other CROP CROP Crops 

P000*** Vacant MISC Misc Miscellaneous. 

PA00*** Apartment MFR MFR Multi-Family Residential  

PS01*** Single-family Residential SFR SFR Single-family Residential 

S000*** Vacant MISC Misc Miscellaneous 

S0M1*** Only Manufactured Home SFR SFR Single-family Residential 

SA02*** Apartment MFR MFR Multi-Family Residential  

SCHU*** Churches P-CH PUB Public Church  

SCLH*** Club House MFR MFR Multi-Family Residential  

SFIE*** Field Cropland CROP CROP Crops 

SOM**** Only Manufactured Home SFR SFR Single-family Residential 

SPAS*** Pasture - Native CROP CROP Crops 

SPC1000 
Partially completed 
improvements 

SFR SFR Single-family Residential 

SPO5*** Potential Subdivision (Primary) SFR SFR Single-family Residential 

SPUB*** Publicly Owned GOV PUB Government Administrative 
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Table A-4.  Fresno County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

SREC*** Recreation P-REC PUB Public Recreation/Assembly  

SS***** Single-family Residential SFR SFR Single-family Residential 

SSCH*** Schools and Day nurseries P-SCH PUB Public and Private Schools  

SSGP*** Sand-Gravel Pits I-LT IND Industrial Light  

SSM1*** 
Single-family and Manufactured 
Home 

SFR SFR Single-family Residential 

Z****** Vacant CROP CROP Crops 

ZALM*** Almonds CROP CROP Crops 

ZAPP*** Apples CROP CROP Crops 

ZDAI*** Dairies CROP CROP Crops 

ZFIE*** Field Cropland CROP CROP Crops 

ZPAS*** Pasture - Native CROP CROP Crops 

ZPIS*** Pistachios CROP CROP Crops 

ZTRX*** Trees – Mixed CROP CROP Crops 

ZTVX*** Trees – Vines Mixed CROP CROP Crops 

ZVIR*** Vines – Raisin varieties CROP CROP Crops 

ZVIW*** Vines – Wine varieties CROP CROP Crops 
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Table A-5.  Glenn County Land Use Codes 

County 
Use 

Description FDA_Damage OCC-Name Corps OCC-Description 

A*** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 

ACY* N/A P-CH PUB Public Church  

AW** N/A MISC-FARM FARM Miscellaneous Farm 

C*** N/A MISC Misc Miscellaneous 

C5** N/A C-SERV COM Commercial Service-Auto  

C8** N/A MISC-COM COM Miscellaneous Commercial 

CA** N/A C-RET COM Commercial Retail  

CA** N/A MH MH Mobile Home Single/Double 

CE** N/A C-RET COM Commercial Retail  

CF** N/A C-FOOD COM Commercial Food-Retail  

CG** N/A C-GROC COM Commercial Grocery Store  

CH** N/A C-HOTEL COM Hotel  

CI** N/A C-AUTO COM Commercial Auto Sales  

CJ** N/A C-SERV COM Commercial Service-Auto  

CM** N/A C-MED COM Commercial Medical  

CN** N/A C-RET COM Commercial Retail  

CP** N/A C-RET COM Commercial Retail  

CS** N/A P-SCH PUB Public and Private Schools  

CU** N/A MH MH Mobile Home Single/Double 

CYR2 N/A AIR PUB Airport 

CZ** N/A C-OFF COM Commercial Office  

IT** N/A I-LT IND Industrial Light  

N1** N/A SFR SFR Single-family Residential 

N8** N/A MISC-PUB PUB Miscellaneous Public/Government 

PM** N/A C-MED COM Commercial Medical  

PZ** N/A C-OFF COM Commercial Office  

R1** N/A SFR SFR Single-family Residential 

R3** N/A MFR MFR Multi-Family Residential  

R4** N/A MFR MFR Multi-Family Residential  

R6** N/A MFR MFR Multi-Family Residential  

R7** N/A MH MH Mobile Home Single/Double 

W8** N/A MISC-RES SFR Miscellaneous Residential 

WD** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 

WK** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 

WL** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 
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Table A-5.  Glenn County Land Use Codes (contd.) 

County 
Use 

Description FDA_Damage OCC-Name Corps OCC-Description 

WO** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 

WR** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 

WT** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 

WW** N/A CROP/FARM CROP/FARM 
CROP/Farm Buildings Including Primary 
RES 
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Table A-6.  Lake County Land Use Codes 

County Use 
Descripti

on 
FDA_Damage 

OCC-
Name 

Corps OCC-Description 

A**** N/A CROP CROP Crops 

A1*** N/A CROP CROP Crops 

AD*** N/A CROP CROP Crops 

ADR** N/A FARM FARM 
Farm Buildings Including Primary 
RES 

AG*** N/A FARM FARM 
Farm Buildings Including Primary 
RES 

AL*** N/A FARM FARM 
Farm Buildings Including Primary 
RES 

ALR** N/A FARM FARM 
Farm Buildings Including Primary 
RES 

AO*** N/A CROP CROP Crops 

AT*** N/A CROP CROP Crops 

ATM** N/A Misc Misc Miscellaneous 

ATR** N/A SFR SFR 
Single-family Residential with 
Basement 

AV*** N/A CROP CROP Crops 

AXR** N/A SFR SFR 
Single-family Residential with 
Basement 

B**** N/A CROP CROP Crops 

B1*** N/A CROP CROP Crops 

BGR** N/A SFR SFR 
Single-family Residential with 
Basement 

BL*** N/A FARM FARM 
Farm Buildings Including Primary 
RES 

BO*** N/A CROP CROP Crops 

BR*** N/A CROP CROP Crops 

BT*** N/A CROP CROP Crops 

BTR** N/A SFR SFR 
Single-family Residential with 
Basement 

BV*** N/A CROP CROP Crops 

C**** N/A Misc MISc Miscellaneous 

C3*** N/A MFR MFR Multi-Family Residential 

C4*** N/A SFR SFR 
Single-family Residential with 
Basement 

C6*** N/A COM C-SERV Commercial Service-Auto  

CA*** N/A CROP CROP Crops 

CB*** N/A COM C-OFF Commercial Office  

CE*** N/A COM C-RET Commercial Retail  

CF*** N/A COM C-REST Commercial Restaurants  
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Table A-6.  Lake County Land Use Codes (cont.) 

County Use 
Descripti

on 
FDA_Damage 

OCC-
Name 

Corps OCC-Description 

CH*** N/A COM C-HOTEL Hotel  

CI*** N/A COM C-AUTO Commercial Auto Sales  

CJ*** N/A COM C-DEAL Full Service Auto Dealership  

CM*** N/A COM C-HOS Hospital  

CN*** N/A COM MISC-COM Miscellaneous Commercial 

CP*** N/A IND I-WH Industrial Warehouse  

CQ*** N/A IND I-LT Industrial Light  

CR*** N/A Misc MISC Miscellaneous 

CU*** N/A MH MH Mobile Home Single/Double 

CW*** N/A IND I-WH Industrial Warehouse  

CZ*** N/A COM C-OFF Commercial Office  

G**** N/A Misc MISC Miscellaneous 

G1*** N/A CROP CROP Crops 

G4*** N/A SFR SFR 
Single-family 
Residential  W/Basement 

G9*** N/A MH MH Mobile Home Single/Double 

GE*** N/A COM C-RET Commercial Retail  

GF*** N/A COM C-REST Commercial Restaurants  

GS*** N/A PUB P-SCH Public and Private Schools  

I**** N/A Misc MISC Miscellaneous 

I1*** N/A CROP CROP Crops 

IVBXF N/A CROP CROP Crops 

N**** N/A PUB P-REC Public Recreation/Assembly  

N1***  CROP CROP Crops 

NI***  COM C-DEAL Full Service Auto Dealership  

NV***  Misc MISC Miscellaneous 

R****  Misc MISC Miscellaneous 

R1***  CROP CROP Crops 

R3***  MFR MFR Multi-Family Residential  

R4***  SFR SFR 
Single-family Residential with 
Basement 

R7***  CROP CROP Crops 

R7***  Misc MISC Miscellaneous 

R8***  FARM FARM 
Farm Buildings Including Primary 
RES 

R9***  FARM FARM 
Farm Buildings Including Primary 
RES 

RV***  CROP CROP Crops 

RV***  Misc MISC Miscellaneous 
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Table A-6.  Lake County Land Use Codes (cont.) 

County Use 
Descripti

on 
FDA_Damage 

OCC-
Name 

Corps OCC-Description 

RX***  CROP CROP Crops 

RZ***  COM C-OFF Commercial Office  

U****  CROP CROP Crops 

U1***  CROP CROP Crops 

UT***  CROP CROP Crops 

UV***  CROP CROP Crops 

Y****  Misc MISC Miscellaneous 

Y4***  SFR SFR 
Single-family Residential with 
Basement 

YC***  PUB P-CH Public Church  

YI***  COM C-AUTO Commercial Auto Sales  

YM***  COM C-HOS Hospital  

YS***  PUB P-SCH Public and Private Schools  
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Table A-7.  Madera County Land Use Codes 

Due to its size the Land Use Codes for Madera County will not be included.  The Land Use Codes 

will be available electronically upon request. 
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Table A-8.  Merced County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

0101 
Single-family residence – 
Single-family residence 

SFR SFR Single-family Residential 

0102 
Single-family residence – Minor 
multiple residence 

SFR SFR Single-family Residential 

0103 
Single-family residence – Major 
multiple residence 

SFR SFR Single-family Residential 

0104 
Single-family residence – Minor 
commercial 

SFR SFR Single-family Residential 

0105 
Single-family residence – Major 
commercial 

SFR SFR Single-family Residential 

0106 
Single-family residence – 
Industrial 

SFR SFR Single-family Residential 

0130 
Single-family residence – 
Industrial 

SFR SFR 
Single-family Residential with 
Basement 

0201 
Minor multiple residence – 
Single-family residence  

MFR MFR Multi-Family Residential  

0202 
Minor multiple residence – 
Minor multiple residence 

MFR MFR Multi-Family Residential  

0203 
Minor multiple residence – 
Major multiple residence 

MFR MFR Multi-Family Residential  

0204 
Minor multiple residence – 
Minor commercial 

MFR MFR Multi-Family Residential  

0205 
Minor multiple residence – 
Major commercial 

MFR MFR Multi-Family Residential  

0207 
Minor multiple residence – 
Major commercial 

MFR MFR Multi-Family Residential  

0301 
Major multiple residence – 
Single-family residence  

MFR MFR Multi-Family Residential  

0302 
Major multiple residence – 
Minor multiple residence 

MFR MFR Multi-Family Residential  

0303 
Major multiple residence – 
Major multiple residence 

MFR MFR Multi-Family Residential  

0304 
Major multiple residence – 
Minor commercial 

MFR MFR Multi-Family Residential  

0305 
Major multiple residence – 
Major commercial 

MFR MFR Multi-Family Residential  

0307 
Major multiple residence – 
Major commercial 

MFR MFR Multi-Family Residential  

0401 
Minor commercial – Single-
family residence  

COM C-RET Commercial Retail  

0402 
Minor commercial – Minor 
multiple residence 

COM C-RET Commercial Retail  

0403 
Minor commercial – Major 
multiple residence 

COM C-RET Commercial Retail  
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Table A-8.  Merced County Land Use Codes (contd.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

0404 
Minor commercial – Minor 
commercial 

COM C-RET Commercial Retail  

0405 
Minor commercial – Major 
commercial 

COM C-RET Commercial Retail  

0406 Minor commercial – Industrial COM C-RET Commercial Retail  

0407 Minor commercial – Farm COM C-RET Commercial Retail  

0408 Minor commercial – Farm COM C-RET Commercial Retail  

0414 
Minor commercial – Poultry 
Ranch 

COM C-RET Commercial Retail  

0430 
Minor commercial – Poultry 
Ranch 

COM C-RET Commercial Retail  

0502 
Major commercial – Minor 
multiple residence 

COM C-RET Commercial Retail  

0505 
Major commercial – Major 
commercial 

COM C-RET Commercial Retail  

0506 Major commercial – Industrial COM C-RET Commercial Retail  

0601 
Industrial – Single-family 
residence  

IND I-LT Industrial Light  

0603 
Industrial – Major multiple 
residence 

IND I-LT Industrial Light  

0604 Industrial – Minor commercial IND I-LT Industrial Light  

0606 Industrial – Industrial IND I-LT Industrial Light  

0618 Industrial – Industrial IND I-LT Industrial Light  

0701 Farm – Single-family residence  FARM FARM 
Farm Buildings Including Primary 
RES 

0702 Farm – Minor multiple residence FARM FARM 
Farm Buildings Including Primary 
RES 

0703 Farm – Major multiple residence FARM FARM 
Farm Buildings Including Primary 
RES 

0704 Farm – Minor commercial FARM FARM 
Farm Buildings Including Primary 
RES 

0706 Farm – Industrial FARM FARM 
Farm Buildings Including Primary 
RES 

0707 Farm – Farm FARM FARM 
Farm Buildings Including Primary 
RES 

0708 Farm – Trees or Vines FARM FARM 
Farm Buildings Including Primary 
RES 

0711 Farm – Vacant urban acreage FARM FARM 
Farm Buildings Including Primary 
RES 

0712 Farm – Miscellaneous FARM 
MISC-
FARM 

Miscellaneous Farm 

0713 Farm – Miscellaneous FARM FARM 
Farm Buildings Including Primary 
RES 
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Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

0801 
Trees or Vines – Single-family 
residence  

CROP CROP Crops 

0802 
Trees or Vines – Minor multiple 
residence 

CROP CROP Crops 

0803 
Trees or Vines – Major multiple 
residence 

CROP CROP Crops 

0804 
Trees or Vines – Minor 
commercial 

CROP CROP Crops 

0806 Trees or Vines – Industrial CROP CROP Crops 

0807 Trees or Vines – Farm CROP CROP Crops 

0808 Trees or Vines – Trees or Vines CROP CROP Crops 

0812 Trees or Vines – Trees or Vines FARM FARM 
Farm Buildings Including Primary 
RES 

0813 Trees or Vines – Dairy CROP CROP Crops 

0814 Trees or Vines – Poultry Ranch CROP CROP Crops 

0901 Grazing – Farm FARM FARM 
Farm Buildings Including Primary 
RES 

0904 Grazing – Farm FARM FARM 
Farm Buildings Including Primary 
RES 

0907 Grazing – Farm FARM FARM 
Farm Buildings Including Primary 
RES 

0909 Grazing – Grazing FARM FARM 
Farm Buildings Including Primary 
RES 

0911 
Grazing – Vacant urban 
acreage 

FARM FARM 
Farm Buildings Including Primary 
RES 

1001 Vacant land residential Misc MISC Miscellaneous  

1002 
Vacant land minor multiple 
residence 

Misc MISC 
Miscellaneous  

1003 
Vacant land major multiple 
residence 

Misc MISC 
Miscellaneous  

1004 Vacant land minor commercial Misc MISC Miscellaneous  

1005 Vacant land major commercial Misc MISC Miscellaneous  

1006 Vacant land industrial Misc MISC Miscellaneous  

1012 Miscellaneous Misc Misc Miscellaneous  

1020 Vacant land – Church Misc MISC Miscellaneous  

1030 Vacant land – Condominium Misc MISC Miscellaneous  

1201 
Miscellaneous – Single-family 
residence  

SFR MISC-RES Miscellaneous Residential 

1202 
Miscellaneous – Minor multiple 
residence 

MFR MISC-MFR Miscellaneous Residential 

1203 
Miscellaneous – Major multiple 
residence 

MFR MISC-MFR Miscellaneous Residential 
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County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

1204 
Miscellaneous – Minor 
commercial 

COM MISC-COM Miscellaneous Commercial 

1207 Miscellaneous – Farm FARM 
MISC-
FARM 

Miscellaneous Farm 

1208 Miscellaneous – Trees or Vines CROP MISC-AG Miscellaneous Agriculture 

1209 Miscellaneous – Grazing CROP MISC-AG Miscellaneous Agriculture 

1211 
Miscellaneous – Vacant urban 
acreage 

CROP MISC-AG Miscellaneous Agriculture 

1212 Miscellaneous – Miscellaneous CROP MISC-AG Miscellaneous Agriculture 

1307 Miscellaneous Misc Misc Miscellaneous 

1313 Dairy IND I-LT Industrial Light  

1408 Miscellaneous Misc Misc Miscellaneous 

1414 Poultry Ranch IND I-LT Industrial Light  

1515 Exempt government owned PUB P-GOV Public Government Building  

1616 Utility Roll PUB MISC-PUB Miscellaneous Public/Gov 

1701 Mobile home in park MH MH Mobile Home Single/Double 

1702 Mobile home on non-owner land MH MH Mobile Home Single/Double 

1703 Mobile home subdivision MH MH Mobile Home Single/Double 

1704 Mobile home on owner land MH MH Mobile Home Single/Double 

1717 Mobile home park MH MH Mobile Home Single/Double 

1818 Sand and Gravel Misc MISC Miscellaneous 

1919 Assessed government owned PUB P-GOV Public Government Building  

2020 Church PUB P-CH Public Church  

2121 Cemetery Misc MISC Miscellaneous 

3030 
Common area for 
condominiums 

COM MISC-COM Miscellaneous Commercial 

4242 Non-contract duck club PUB P-REC Public Recreation/Assembly  

4343 Contract duck club PUB P-REC Public Recreation/Assembly  

7070 Oil R/W IND I-LT Industrial Light  
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Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

00 
Vacant, All Types – not 
assigned 

MISC Misc Miscellaneous 

01 
Single-family residence, 
halfplex 

SFR SFR Single-family Residential 

02 
2 single-family residences, 
duplex 

MFR MFR Multi-Family Residential  

03 
3 single-family residences, 
triplex 

MFR MFR Multi-Family Residential  

04 
Single-family residence, 
Condominium 

SFR SFR Single-family Residential 

05 Apartments, 4 units or more MFR MFR Multi-Family Residential  

06 Timeshares MISC-RES SFR Miscellaneous Residential 

07 
Residential, auxilary 
improvements 

MISC-RES SFR Miscellaneous Residential 

08 Mobile Home outside of park MH MH Mobile Home Single/Double 

09 
Mobile Home in Mobile Home 
park 

MH MH Mobile Home Single/Double 

10 Vacant, subdivided residential MISC Misc Miscellaneous 

11 Commercial store C-RET COM Commercial Retail  

12 Suburban store C-RET COM Commercial Retail  

13 Mini-markets, no gas C-GROC COM Commercial Grocery Store  

14 Office Condominium C-OFF COM Commercial Office  

15 Shopping center C-SHOP COM Commercial Shopping Center  

16 Residence on commercial land MISC-COM COM Miscellaneous Commercial 

17 Office General C-OFF COM Commercial Office  

18 Hotels, motels, resorts C-HOTEL COM Hotel  

19 Office medical/dental C-MED COM Commercial Medical  

20 Vacant, commercial MISC Misc Miscellaneous 

21 Restaurants, cocktail lounges C-REST COM Commercial Restaurants  

22 Fast food restaurant C-RESTFF COM Commercial Fast Food Rest  

23 
Banks, Savings and Loans, 
credit unions 

C-OFF COM Commercial Office  

24 Mini-market, with gas C-GROC COM Commercial Grocery Store  

25 Service station C-SERV COM Commercial Service-Auto  

26 Auto sales, repair C-AUTO COM Commercial Auto Sales  

27 Parking lots MISC Misc Miscellaneous 

28 Mobile Home Park MH MH Mobile Home Single/Double 

29 Miscellaneous Commercial MISC-COM COM Miscellaneous Commercial 

30 Vacant Industrial MISC Misc Miscellaneous 

31 Light Industrial I-LT IND Industrial Light  
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County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

32 Heavy Industrial I-HV IND Industrial Heavy Manufacture  

33 Food Processing I-LT IND Industrial Light  

35 Industrial Condominium MISC-IND IND Miscellaneous Industrial 

36 
Uncovered storage, wrecking 
yard 

MISC-IND IND Miscellaneous Industrial 

37 Mini-storage, covered storage I-WH IND Industrial Warehouse  

38 Warehouse I-WH IND Industrial Warehouse  

39 Miscellaneous Industrial MISC-IND IND Miscellaneous Industrial 

40 Irrigated Farm CROP CROP Crops 

41 Orchards, vineyards CROP CROP Crops 

44 Rice crop CROP CROP Crops 

48 Poultry and small animals FARM FARM 
Farm Buildings Including Primary 
RES 

50 Vacant, dry farm MISC MISC Miscellaneous 

51 Dry farm with residence FARM FARM 
Farm Buildings Including Primary 
RES 

55 Timberland, unrestricted CROP CROP Crops 

56 Timberland, zoned TPZ CROP CROP Crops 

60 Definition Not Available MISC MISC Miscellaneous 

61 Non-profit camps/parks P-REC PUB Public Recreation/Assembly  

62 Theater, bowling alley P-REC PUB Public Recreation/Assembly  

63 Marina, pier PORT PUB Ports 

64 Lodges, halls P-REC PUB Public Recreation/Assembly  

65 Tennis, swimming clubs P-REC PUB Public Recreation/Assembly  

66 Golf course P-REC PUB Public Recreation/Assembly  

67 Ski Facility P-REC PUB Public Recreation/Assembly  

68 Camps and parks, general P-REC PUB Public Recreation/Assembly  

69 Miscellaneous recreational P-REC PUB Public Recreation/Assembly  

71 Churches P-CH PUB Public Church  

72 Schools P-SCH PUB Public and Private Schools  

73 Day Care Centers DAYCARE COM Daycare 

74 Hospitals-Community C-HOS COM Hospital  

75 Hospitals-Convalescent C-HOS COM Hospital  

76 Miscellaneous public buildings MISC-PUB PUB Miscellaneous Public/Gov 

77 Cemeteries MISC MISC Miscellaneous 

78 Airport AIR PUB Airport 

79 Miscellaneous institutional MISC-PUB PUB Miscellaneous Public/Government 

81 Utilities, public and private P-GOV PUB Public Government Building  
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82 Mining Quarry I-HV IND Industrial Heavy Manufacture  

83 Mineral Rights MISC MISC Miscellaneous 

84 Mining Claims MISC MISC Miscellaneous 

85 Pipeline Right of Way MISC MISC Miscellaneous 

86 Wetlands, vernal pools MISC MISC Miscellaneous 

87 Rivers, lakes, reservoir, canal MISC MISC Miscellaneous 

88 Highways, road, streets MISC MISC Miscellaneous 

89 Common Area MISC MISC Miscellaneous 

90 Greenbelt MISC MISC Miscellaneous 

97 CLCA restriction, non-renewal MISC MISC Miscellaneous 

98 
CLCA restriction, under 
contract 

MISC MISC Miscellaneous 
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Table A-10.  Plumas County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

00 Unassigned MISC MISC Miscellaneous 

05 Manufactured Homes MFR MFR Multi-Family Residential  

10 Vacant Lot Residential MISC MISC Miscellaneous  

1001 
Vacant Lot with miscellaneous 
improvements 

MISC MISC Miscellaneous  

11 Single-family Residential SFR SFR Single-family Residential 

12 Condominiums – Townhouses MFR MFR Multi-Family Residential  

20 Vacant Land Multiple MISC MISC Miscellaneous  

2001 
Vacant Land Multiple with 
miscellaneous improvements 

MISC MISC Miscellaneous  

21 Multiple Residential Miscellaneous MFR MFR Multi-Family Residential  

211 Multiple Residential MFR MFR Multi-Family Residential  

212 Two Dwelling Units MFR MFR Multi-Family Residential  

2122 Duplex MFR MFR Multi-Family Residential  

213 Three Dwelling Units MFR MFR Multi-Family Residential  

2133 Triplex MFR MFR Multi-Family Residential  

215 5 to 9 Apartment units MFR MFR Multi-Family Residential  

216 10 to 19 Apartment units MFR MFR Multi-Family Residential  

217 20 to 49 Apartment units MFR MFR Multi-Family Residential  

218 50 or more Apartment units MFR MFR Multi-Family Residential  

23 Manufactured Home Parks MFR MFR Multi-Family Residential  

30 Vacant Land Rural MISC MISC Miscellaneous  

3001 
Vacant Rural with miscellaneous 
improvements 

MISC MISC Miscellaneous  

31 Rural with residence FARM FARM 
Farm Buildings Including Primary 
RES 

33 LCA Contracts MISC MISC Miscellaneous  

3301 LCA Contract with improvements MISC MISC Miscellaneous  

35 Definition Not Available MISC MISC Miscellaneous  

36 TPZ Contract with residential MISC MISC Miscellaneous  

37 TPZ Contract Land MISC MISC Miscellaneous  

40 Vacant Land Industrial MISC MISC Miscellaneous  

4001 
Vacant Industrial with 
miscellaneous improvements 

MISC MISC Miscellaneous  

41 Industrial I-LT IND Industrial Light  

50 Vacant Land Commercial MISC MISC Miscellaneous 

5001 
Vacant Commercial with 
miscellaneous improvements 

MISC MISC Miscellaneous 

51 Commercial Improved MISC-COM COM Miscellaneous Commercial 
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Description FDA_Damage 
OCC-
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Corps OCC-Description 

511 Retail C-RET COM Commercial Retail  

512 Office C-OFF COM Commercial Office  

5121 Medical Office C-MED COM Commercial Medical  

513 Motel - Bed and Breakfast C-HOTEL COM Hotel  

514 Automobile Related C-AUTO COM Commercial Auto Sales  

515 Fast Gas with Convenience Store C-SERV COM Commercial Service-Auto  

516 Food Store or Grocery Store C-GROC COM Commercial Grocery Store  

52 Definition Not Available MISC MISC MISC 

54 Recreational P-REC PUB Public Recreation/Assembly  

542 Definition Not Available MISC MISC Miscellaneous  

543 Definition Not Available MISC MISC Miscellaneous  

57 Hanger I-WH IND Industrial Warehouse  

60 Vacant Land Valued by SBE MISC MISC Miscellaneous 

70 
Condominium/Townhouse 
Common Area 

MFR MFR Multi-Family Residential  

80 Vacant Land Non-taxable MISC MISC Miscellaneous  

81 Improved Land Non-taxable MISC MISC Miscellaneous  

82 Definition Not Available MISC MISC Miscellaneous  

90 Mineral Rights MISC MISC Miscellaneous  

AD Definition Not Available MISC MISC Miscellaneous  

AF Definition Not Available MISC MISC Miscellaneous  

AG Definition Not Available MISC MISC Miscellaneous  

AGXX Definition Not Available MISC MISC Miscellaneous  

AX Definition Not Available MISC MISC Miscellaneous  

BG Definition Not Available MISC MISC Miscellaneous  

BGXX Definition Not Available MISC MISC Miscellaneous  

BV Definition Not Available MISC MISC Miscellaneous  

BX Definition Not Available MISC MISC Miscellaneous  

CA Definition Not Available MISC MISC Miscellaneous  

CB Definition Not Available MISC MISC Miscellaneous  

CC Definition Not Available MISC MISC Miscellaneous  

CF Definition Not Available MISC MISC Miscellaneous  

CG Definition Not Available MISC MISC Miscellaneous  

CH Definition Not Available MISC MISC Miscellaneous  

CL Definition Not Available MISC MISC Miscellaneous  

CM Definition Not Available MISC MISC Miscellaneous  

CO Definition Not Available MISC MISC Miscellaneous  

CORX Definition Not Available MISC MISC Miscellaneous  
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OCC-
Name 

Corps OCC-Description 

COXX Definition Not Available MISC MISC Miscellaneous  

CP Definition Not Available MISC MISC Miscellaneous  

CR Definition Not Available MISC MISC Miscellaneous  

CRRN Definition Not Available MISC MISC Miscellaneous  

CRXX Definition Not Available MISC MISC Miscellaneous  

CS Definition Not Available MISC MISC Miscellaneous  

CSXX Definition Not Available MISC MISC Miscellaneous  

CV Definition Not Available MISC MISC Miscellaneous  

CW Definition Not Available MISC MISC Miscellaneous  

CX Definition Not Available MISC MISC Miscellaneous  

GE Definition Not Available MISC MISC Miscellaneous  

GF Definition Not Available MISC MISC Miscellaneous  

GO Definition Not Available MISC MISC Miscellaneous  

GR Definition Not Available MISC MISC Miscellaneous  

GU Definition Not Available MISC MISC Miscellaneous  

GV Definition Not Available MISC MISC Miscellaneous  

GX Definition Not Available MISC MISC Miscellaneous  

IF Definition Not Available MISC MISC Miscellaneous  

IN Definition Not Available MISC MISC Miscellaneous  

IP Definition Not Available MISC MISC Miscellaneous  

IQ Definition Not Available MISC MISC Miscellaneous  

IV Definition Not Available MISC MISC Miscellaneous  

IW Definition Not Available MISC MISC Miscellaneous  

IX Definition Not Available MISC MISC Miscellaneous  

JX Definition Not Available MISC MISC Miscellaneous  

NC Definition Not Available MISC MISC Miscellaneous  

NM Definition Not Available MISC MISC Miscellaneous  

NN Definition Not Available MISC MISC Miscellaneous  

NR Definition Not Available MISC MISC Miscellaneous  

NT Definition Not Available MISC MISC Miscellaneous  

NV Definition Not Available MISC MISC Miscellaneous  

NX Definition Not Available MISC MISC Miscellaneous  

NXRX Definition Not Available MISC MISC Miscellaneous  

QX Definition Not Available MISC MISC Miscellaneous  

RC Definition Not Available MISC MISC Miscellaneous  

RF Definition Not Available MISC MISC Miscellaneous  

RI Definition Not Available MISC MISC Miscellaneous  
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RIRX Definition Not Available MISC MISC Miscellaneous  

RJ Definition Not Available MISC MISC Miscellaneous  

RK Definition Not Available MISC MISC Miscellaneous  

RL Definition Not Available MISC MISC Miscellaneous  

RM Definition Not Available MISC MISC Miscellaneous  

RMXX Definition Not Available MISC MISC Miscellaneous  

RN Definition Not Available MISC MISC Miscellaneous  

RNXX Definition Not Available MISC MISC Miscellaneous  

RT Definition Not Available MISC MISC Miscellaneous  

RTXF Definition Not Available MISC MISC Miscellaneous  

RTXX Definition Not Available MISC MISC Miscellaneous  

RV Definition Not Available MISC MISC Miscellaneous  

RX Definition Not Available MISC MISC Miscellaneous  

RXDX Definition Not Available MISC MISC Miscellaneous  

RXMX Definition Not Available MISC MISC Miscellaneous  

RXRE Definition Not Available MISC MISC Miscellaneous  

RXXF Definition Not Available MISC MISC Miscellaneous  

RXXX Definition Not Available MISC MISC Miscellaneous  

SO Definition Not Available MISC MISC Miscellaneous  

SV Definition Not Available MISC MISC Miscellaneous  

SX Definition Not Available MISC MISC Miscellaneous  

TX Definition Not Available MISC MISC Miscellaneous  

UC Definition Not Available MISC MISC Miscellaneous  

UF Definition Not Available MISC MISC Miscellaneous  

UFXX Definition Not Available MISC MISC Miscellaneous  

UT Definition Not Available MISC MISC Miscellaneous  

UV 
Vacant Land – Code Being 
Phased Out 

MISC MISC Miscellaneous  

UVXX Definition Not Available MISC MISC Miscellaneous  

UX Definition Not Available MISC MISC Miscellaneous  

VX Definition Not Available MISC MISC Miscellaneous  

XX Definition Not Available MISC MISC Miscellaneous  

YC Definition Not Available MISC MISC Miscellaneous  

YN Definition Not Available MISC MISC Miscellaneous  

YT Definition Not Available MISC MISC Miscellaneous  

YV Definition Not Available MISC MISC Miscellaneous  

YX Definition Not Available MISC MISC Miscellaneous  

ZX Definition Not Available MISC MISC Miscellaneous  
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Table A-11.  Sacramento County Land Use Codes  

Due to its size the Land Use Codes for Sacramento County will not be included.  The Land Use 

Codes will be available electronically upon request. 

  



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

Appendix A: County Landuse Codes 

A-34 January 2012 

 Public Draft 

Table A-12.  San Joaquin County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

001 
Vacant Residential Lot – 
Development with Utilities 

MISC MISC Miscellaneous 

002 
Vacant Lot with PROB. W/C 
Precludes Building A RE 

MISC MISC Miscellaneous 

003 
Vacant Lot – Totally Unusable 
(incurable) 

MISC MISC Miscellaneous 

004 
Vacant Residential Lot with 
miscellaneous Residential 
IMPRS (garage) 

MISC MISC Miscellaneous 

005 
Vacant Residential Subdivision 
Site 

MISC MISC Miscellaneous 

006 
Vacant Residential Lot-
Undeveloped 

MISC MISC Miscellaneous 

007 
Potential Residential 
Subdivision 

MISC MISC Miscellaneous 

010 Single-Family Dwelling (SFD) SFR SFR Single-family Residential 

011 Condominium Unit MFR MFR Multi-Family Residential  

012 
Planned Unit Residential 
Development (PURD) 

SFR SFR Single-family Residential 

013 
Single-Family Residence with 
Secondary Residential Square 
Footage 

SFR SFR Single-family Residential 

014 
SFD with Secondary Use (i.e., 
barber shop) 

SFR SFR Single-family Residential 

015 Zero Lot Line Residential MISC MISC Miscellaneous 

016 
Residential Lot with Mobile 
Home 

MH MH Mobile Home Single/Double 

017 
Single-Family with Common 
Wall (duet, halfplex, etc.) 

SFR SFR Single-family Residential 

020 Vacant Lot (zoned for two units) MISC MISC Miscellaneous 

021 One Duplex – One Building MFR MFR Multi-Family Residential  

022 Two SFDs On Single Parcel MFR MFR Multi-Family Residential  

030 
Vacant Lot Zoned for 3 or 4 
Units 

MISC MISC Miscellaneous 

031 
Single Triplex – (3 units, 1 
structure) 

MFR MFR Multi-Family Residential  

032 
Three Units - 2 or More 
Structures 

MFR MFR Multi-Family Residential  

034 Single Fourplex MFR MFR Multi-Family Residential  

035 Four Units, 2 or More Structures MFR MFR Multi-Family Residential  

040 
Vacant Lots Zoned for 
Apartments 

MISC MISC Miscellaneous 
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Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

041 
5-10 Residential Units – Single 
Building 

MFR MFR Multi-Family Residential  

042 
5-10 Residential Units – 2 or 
more Buildings 

MFR MFR Multi-Family Residential  

043 
11-20 Residential Units – One 
Structure 

MFR MFR Multi-Family Residential  

044 
11-20 Residential Units – 2 or 
more Buildings 

MFR MFR Multi-Family Residential  

045 21-40 Units MFR MFR Multi-Family Residential  

046 41-100 Units MFR MFR Multi-Family Residential  

047 Over 100 Units MFR MFR Multi-Family Residential  

048 High-Rise Apartments MFR MFR Multi-Family Residential  

050 
Rural Residential – Vacant 
Homesite 

FARM FARM 
Farm Buildings Including Primary 
Residence 

051 Rural Residence – 1 Residence SFR SFR Single-family Residential 

052 
Rural Residential – 2 or more 
residences 

MFR MFR Multi-Family Residential  

053 
Rural Residential – Vacant – 
Development with 

FARM FARM 
Farm Buildings Including Primary 
Residence 

054 
Rural Residences. - with 
Miscellaneous Residences. 
IMPS; Only 

FARM FARM 
Farm Buildings Including Primary 
Residence 

055 Labor Camp FARM FARM 
Farm Buildings Including Primary 
Residence 

056 
Rural Residential with Mobil 
Home 

MH MH Mobile Home Single/Double 

059 
Residential Care Home (6 units 
or less) 

MFR MFR Multi-Family Residential  

060 Motels Less Than 50 Units COM C-HOTEL Hotel  

061 Motels Over 50 Units COM C-HOTEL Hotel  

062 
Motels less than 50 units with 
some kitchens 

COM C-HOTEL Hotel  

063 
Motels over 50 Units with some 
Kitchens 

COM C-HOTEL Hotel  

064 
Motels Less Than 50 Units with 
Shops 

COM C-HOTEL Hotel  

065 
Motels Over 50 Units with 
Shops 

COM C-HOTEL Hotel  

068 Resort Motels – Cabins, Etc. COM C-HOTEL Hotel  

070 Hotel without Restaurant COM C-HOTEL Hotel  

071 Hotel with Restaurant COM C-HOTEL Hotel  

078 
Rooming House – Convent – 
Rectory, Etc. 

PUB P-GOV Public Government Building  
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OCC-
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Corps OCC-Description 

080 Common Areas – No Structures MISC MISC Miscellaneous 

081 
Common Areas – with 
Structures 

PUB P-REC Public Recreation/Assembly  

082 
Common Areas – Roads and 
Streets 

Misc MISC Miscellaneous 

090 Mobile Home Park MH MH Mobile Home Single/Double 

091 Overnight Type Trailer Park MH MH Mobile Home Single/Double 

092 
Mobile Home Park with 
Overnight Facilities 

MH MH Mobile Home Single/Double 

093 Resort Type Trailer Park MH MH Mobile Home Single/Double 

094 Mobile Home Condominium Lot MH MH Mobile Home Single/Double 

095 Mobile Home Appurtenances MH MH Mobile Home Single/Double 

096 Mobile Home MH MH Mobile Home Single/Double 

100 
Vacant Commercial Land – 
Undeveloped 

MISC MISC Miscellaneous 

101 
Vacant Commercial Land with 
Utilities 

MISC MISC Miscellaneous 

102 
Vacant Commercial Land with 
Miscellaneous IMPS 

MISC MISC Miscellaneous 

107 
Potential Commercial 
Subdivision 

COM MISC-COM Miscellaneous Commercial 

110 Single-Story COM MISC-COM Miscellaneous Commercial 

111 Multiple-Story Stories COM MISC-COM Miscellaneous Commercial 

112 Multiple Stores in one Building COM MISC-COM Miscellaneous Commercial 

113 
Store with Residential Unit or 
Units 

COM C-RET Commercial Retail  

114 Store Condo COM C-RET Commercial Retail  

120 1 store and 1 office COM C-OFF Commercial Office  

121 
Multiple Combination of Offices, 
Shops 

COM C-OFF Commercial Office  

130 1-Story Department Store COM C-RET Commercial Retail  

131 2-Story Department Store COM C-RET Commercial Retail  

140 Grocery Store COM C-GROC Commercial Grocery Store  

141 Supermarkets COM C-RET Commercial Retail  

142 Convenience Store COM C-RET Commercial Retail  

143 
Convenience Store with Gas 
Sales 

COM C-RET Commercial Retail  

144 Fruit Stand COM C-FOOD Commercial Food-Retail  

150 Regional Shopping Center COM C-RET Commercial Retail  

151 Community Shopping Center COM C-RET Commercial Retail  
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152 Neighborhood Shopping Center COM C-RET Commercial Retail  

153 
Individual Parcel Within 
Regional Shopping 

COM C-RET Commercial Retail  

154 
Individual Parcel Within 
Community Center 

COM C-RET Commercial Retail  

155 
Individual Parcel within 
neighborhood Shopping 

COM C-RET Commercial Retail  

156 Shopping Center Common Area COM C-RET Commercial Retail  

170 1-Story Office Building COM C-OFF Commercial Office  

171 2-Story Office Building COM C-OFF Commercial Office  

172 3 or More Story Office Building COM C-OFF Commercial Office  

173 
Office Building with Residential 
Unit or Units 

COM C-OFF Commercial Office  

180 Assisted Living Residence SFR SFR Single-family Residential 

181 Congregate Seniors Housing MFR MFR Multi-Family Residential  

182 
Continuing Care Retirement 
Community 

MFR MFR Multi-Family Residential  

183 Skilled Nursing Facility COM ELDER Eldercare 

184 
Specialty Home 
(Developmentally Disable) 

COM ELDER Eldercare 

190 Medical Offices COM C-OFF Commercial Office  

191 Dental Offices COM C-OFF Commercial Office  

192 Medical Dental Complex COM C-MED Commercial Medical  

193 Veterinary Hospitals COM C-HOS Hospital  

194 One-Story Office Condo COM C-OFF Commercial Office  

195 Two-Story Office Condo COM C-OFF Commercial Office  

196 Medical Office Condo COM C-OFF Commercial Office  

197 Dental Office Condo COM C-RET Commercial Retail  

200 
Commercial Common Area – 
Non Shopping C 

COM C-RET Commercial Retail  

201 
Miscellaneous Multiple Uses – 
None Fully Dominant 

COM MISC-COM Miscellaneous Commercial 

202 Commercial Use COM MISC-COM Miscellaneous Commercial 

203 Animal Training Facility COM MISC-COM Miscellaneous Commercial 

204 Day Care Center COM DAYCARE Daycare 

210 Restaurants COM C-REST Commercial Restaurants  

211 Fast Food Restaurants COM C-RESTFF Commercial Fast Food Rest  

212 
Food Preparation – Take Out 
Only 

COM C-FOOD Commercial Food-Retail  

213 Cocktail Lounge – Bars COM C-REST Commercial Restaurants  
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214 
Restaurant with Residential Unit 
or Units 

COM C-REST Commercial Restaurants  

230 Walk-In Theaters PUB P-REC Public Recreation/Assembly  

231 Multiple Screen Theaters PUB P-REC Public Recreation/Assembly  

240 Banks COM C-RET Commercial Retail  

250 Full Service Stations COM C-SERV Commercial Service-Auto  

251 
Self Service. Station (has no 
facilities) 

COM C-SERV Commercial Service-Auto  

252 Service Station with Car Wash COM C-SERV Commercial Service-Auto  

253 Truck Terminals IND I-WH Industrial Warehouse  

254 Bulk Plants IND I-WH Industrial Warehouse  

255 
Self Service Station with Mini 
Mart 

COM C-SERV Commercial Service-Auto  

256 
Convenience Store (mini-mart) 
with gas station 

COM C-SERV Commercial Service-Auto  

260 Auto Sales with Service Center COM C-AUTO Commercial Auto Sales  

261 
Auto Sales without Service 
Center 

COM C-AUTO Commercial Auto Sales  

262 Used Car Lot COM C-AUTO Commercial Auto Sales  

263 
Other Sales Centers (Trailers, 
mobile home 

COM C-AUTO Commercial Auto Sales  

270 
Farm or CONTS. Machine Sales 
and Service 

FARM FARM 
Farm Buildings Including Primary 
RES Residence 

271 
Farm or CONTS. Machine Sales 
Only 

FARM FARM 
Farm Buildings Including Primary 
Residence 

272 
Farm or CONST. Machine Sales 
Only 

FARM FARM 
Farm Buildings Including Primary 
Residence 

280 
Auto and Truck Repairs and 
Accessories 

COM C-SERV Commercial Service-Auto  

281 
Specialty Shops (Tires, Brakes, 
Etc.) 

COM C-SERV Commercial Service-Auto  

282 Car Wash COM C-SERV Commercial Service-Auto  

283 Self Service Car Wash COM C-SERV Commercial Service-Auto  

284 Laundry COM C-RET Commercial Retail  

285 Auto Body Shop COM C-SERV Commercial Service-Auto  

290 Retail Nursery COM C-RET Commercial Retail  

291 Commercial/Wholesale Nursery COM C-RET Commercial Retail  

300 
Vacant Industrial Land 
Undeveloped 

IND I-LT Industrial Light  

301 
Vacant Industrial Land – 
Developed With 

IND I-LT Industrial Light  
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302 
Vacant Industrial Land with 
Miscellaneous IMPS 

IND I-LT Industrial Light  

307 Potential Industrial Subdivision IND I-LT Industrial Light  

310 
Light Manufacturing and Light 
Industrial 

IND I-LT Industrial Light  

311 
Light Industrial and 
Warehousing 

IND I-LT Industrial Light  

312 
Light Industrial Warehouse 
Multiple Tenants 

IND I-LT Industrial Light  

313 Industrial Condo MFR MFR Multi-Family Residential  

314 
Shop-Work Area with Small 
Office 

COM C-RET Commercial Retail  

320 Warehousing – Active IND I-WH Industrial Warehouse  

321 Warehousing – Inactive IND I-WH Industrial Warehouse  

323 Warehousing – Yard IND I-WH Industrial Warehouse  

324 Mini Storage Warehousing IND I-WH Industrial Warehouse  

330 Lumber Mills IND I-LT Industrial Light  

331 Retail Lumber Yards IND I-LT Industrial Light  

332 
Specialty Lumber Products 
(Mouldings, SA 

IND I-LT Industrial Light  

340 Packing Plants IND I-LT Industrial Light  

341 
Cold Storage or Refrigerated 
Warehouse 

IND I-LT Industrial Light  

350 Fruit and Vegetable IND I-LT Industrial Light  

351 Meat Products IND I-LT Industrial Light  

352 Large Winery IND I-LT Industrial Light  

353 Small/Boutique Winery COM C-RET Commercial Retail  

355 Other Food Processing IND I-LT Industrial Light  

360 Feed and Grain Mills IND I-LT Industrial Light  

361 Retail Feed and Grain Sales IND I-LT Industrial Light  

362 Stockyards IND I-LT Industrial Light  

363 
AG Chemical Sales and/or 
Application 

IND I-LT Industrial Light  

370 Heavy Industry IND I-HV Industrial Heavy Manufacture  

371 Shipyard IND I-HV Industrial Heavy Manufacture  

380 Mineral Processing IND I-HV Industrial Heavy Manufacture  

381 Sand and Gravel – Shale MISC MISC Miscellaneous 

390 Industrial Common Area IND I-LT Industrial Light  

391 
Miscellaneous Industrial Multiple 
Uses – None Full 

IND I-LT Industrial Light  
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392 
Industrial Use (doesn't 
reasonably fit any 

IND I-LT Industrial Light  

393 Airport (private PUB AIR Airport 

400 Irrigated Orchard CROP CROP Crops 

401 
Irrigated Orchard with 
Residence 

FARM FARM 
Farm Buildings Including Primary 
RES Residence 

420 Irrigated Vineyard CROP CROP Crops 

421 
Irrigated Vineyard with 
Residence 

FARM FARM 
Farm Buildings Including Primary 
Residence 

450 Irrigated Row Crops CROP CROP Crops 

451 
Irrigated Row Crops with 
Residence 

FARM FARM 
Farm Buildings Including Primary 
Residence 

460 Irrigated Pasture CROP CROP Crops 

461 
Irrigated Pasture with 
Residence 

FARM FARM 
Farm Buildings Including Primary 
Residence 

462 Horse Ranch CROP CROP Crops 

463 Horse Ranch with Residence FARM FARM 
Farm Buildings Including Primary 
Residence 

470 Dairy IND I-LT Industrial Light  

471 Dairy with Residence FARM FARM 
Farm Buildings Including Primary 
Residence 

480 Poultry Ranch CROP CROP Crops 

481 Poultry Ranch with Residence FARM FARM 
Farm Buildings Including Primary 
Residence 

490 Feed Lots MISC MISC Miscellaneous 

500 Dry Farm CROP CROP Crops 

501 Dry Farm with Residence FARM FARM 
Farm Buildings Including Primary 
Residence 

510 Dry Graze CROP CROP Crops 

511 Dry Graze with Residence FARM FARM 
Farm Buildings Including Primary 
Residence 

520 Non-Irrigated Vineyards CROP CROP Crops 

521 
Non-Irrigated Vineyards with 
Residence 

FARM FARM 
Farm Buildings Including Primary 
RES Residence 

530 Specialty Farms  CROP CROP Crops 

550 Tree Farm CROP CROP Crops 

551 
Tree Farm (with or without 
residence) 

FARM FARM 
Farm Buildings Including Primary 
Residence 

590 Waste Lands MISC MISC Miscellaneous 

591 Berms MISC MISC Miscellaneous 

610 Swim Centers PUB P-REC Public Recreation/Assembly  
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611 Recreational Centers PUB P-REC Public Recreation/Assembly  

612 Marina or Yachting Club PUB PORT Ports 

613 Racquetball Club PUB P-REC Public Recreation/Assembly  

614 Tennis Club PUB P-REC Public Recreation/Assembly  

615 Private Campground or Resort PUB P-REC Public Recreation/Assembly  

620 Privately Owned Dance Halls PUB P-REC Public Recreation/Assembly  

630 Bowling Alleys PUB P-REC Public Recreation/Assembly  

631 
Arcades and Amusement 
Centers 

PUB P-REC Public Recreation/Assembly  

632 Skating Rink PUB P-REC Public Recreation/Assembly  

640 Clubs, Lodge Halls PUB P-REC Public Recreation/Assembly  

650 
Privately Owned Auditoriums 
and Stadiums 

PUB P-REC Public Recreation/Assembly  

660 18-Hole Public Golf Course PUB P-REC Public Recreation/Assembly  

661 9-Hole Public Golf Course PUB P-REC Public Recreation/Assembly  

662 Country Club PUB P-REC Public Recreation/Assembly  

664 Driving Range PUB P-REC Public Recreation/Assembly  

670 Privately Owned Race Tracks PUB P-REC Public Recreation/Assembly  

680 
Non-Profit Organizations Camps 
(Boy Scouts, Etc.) 

PUB P-REC Public Recreation/Assembly  

690 Privately Owned Parks PUB P-REC Public Recreation/Assembly  

710 Church, Synagogue or Temple PUB P-GOV Public Government Building  

711 Other Church Property PUB P-GOV Public Government Building  

720 Private School PUB P-SCH Public and Private Schools  

721 Parochial School PUB P-SCH Public and Private Schools  

722 Special School PUB P-SCH Public and Private Schools  

730 Private Colleges PUB P-SCH Public and Private Schools  

740 Full Service Hospital COM C-HOS Hospital  

742 Clinic COM C-MED Commercial Medical  

760 Orphanages MFR MISC-MFR Miscellaneous Residential 

770 Cemeteries (non-profit) MISC MISC Miscellaneous 

771 Mortuaries and Funeral Homes COM C-MED Commercial Medical  

772 Cemetery Taxable (profit) MISC MISC Miscellaneous 

810 SBE valued MISC MISC Miscellaneous 

811 Utility Water Company PUB P-GOV Public Government Building  

812 Mutual Water Company PUB P-GOV Public Government Building  

813 Cable TV PUB P-GOV Public Government Building  

814 Radio and TV Broadcast Site PUB P-GOV Public Government Building  
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815 Pipeline Right-Of-Way PUB P-GOV Public Government Building  

850 Right-Of-Way MISC MISC Miscellaneous 

851 Private Road MISC MISC Miscellaneous 

860 Well Site MISC MISC Miscellaneous 

861 Tank Site MISC MISC Miscellaneous 

862 
Springs and Other Water 
Sources 

MISC MISC Miscellaneous 

870 Rivers and Lakes MISC MISC Miscellaneous 

890 Parking Lots – Fee MISC MISC Miscellaneous 

891 Parking Lots – No Fee MISC MISC Miscellaneous 

892 Parking Garages MISC MISC Miscellaneous 

900 Vacant Federal Lands MISC MISC Miscellaneous 

901 Federal Buildings PUB P-GOV Public Government Building  

902 Military Installation PUB P-GOV Public Government Building  

903 Miscellaneous Federal Property PUB P-GOV Public Government Building  

910 Vacant State Lands MISC MISC Misc Miscellaneous 

911 State Buildings PUB P-GOV Public Government Building  

913 
State Parks and Other 
Recreational Facilities 

PUB P-REC Public Recreation/Assembly  

914 State Schools, Colleges PUB P-SCH Public and Private Schools  

916 Miscellaneous State Property PUB P-GOV Public Government Building  

920 Vacant County Land Misc MISC Misc Miscellaneous 

921 County Buildings PUB P-GOV Public Government Building  

923 
County Parks and Other 
Recreational Facilities 

PUB P-REC Public Recreation/Assembly  

924 County Hospitals COM C-HOS Hospital  

925 Miscellaneous County Property PUB P-GOV Public Government Building  

930 Vacant City Lands PUB P-GOV Public Government Building  

931 City Buildings PUB P-GOV Public Government Building  

932 City Shops and Yard PUB P-GOV Public Government Building  

933 
City Parks and Other 
Recreational Facilities 

PUB P-REC Public Recreation/Assembly  

934 
Municipal Utility Prop. 
(reservoirs, sewer pipeline) 

PUB P-GOV Public Government Building  

935 Parking Lots – Garages IND I-WH Industrial Warehouse  

936 Municipal Airports PUB AIR Airport 

937 Miscellaneous City Property PUB MISC-PUB Miscellaneous Public/Government 

940 School District Properties PUB P-SCH Public and Private Schools  

941 Fire Districts PUB FIRE Fire station 
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942 Flood Control District Property PUB P-GOV Public Government Building  

943 Water District Property PUB P-GOV Public Government Building  

944 Miscellaneous District property PUB P-GOV Public Government Building  

950 
Public Owned Land – Non-
Taxable 

PUB P-GOV Public Government Building  

951 
Public Owned Land – Taxable 
[Section 11] 

PUB P-GOV Public Government Building  

931 City Buildings PUB P-GOV Public Government Building  

932 City Shops and Yard PUB P-GOV Public Government Building  

933 
City Parks and Other 
Recreational Facilities 

PUB P-REC Public Recreation/Assembly  

934 
Municipal Utility property 
(reservoirs, sewer pipeline) 

PUB P-GOV Public Government Building  

935 Parking Lots – Garages IND I-WH Industrial Warehouse  

936 Municipal Airports PUB AIR Airport 

937 Miscellaneous City Property PUB MISC-PUB Miscellaneous Public/Government 

940 School District Properties PUB P-SCH Public and Private Schools  

941 Fire Districts PUB FIRE Fire station 

942 Flood Control District Property PUB P-GOV Public Government Building  

943 Water District Property PUB P-GOV Public Government Building  

944 Miscellaneous District property PUB P-GOV Public Government Building  

950 
Public Owned Land – Non-
Taxable 

PUB P-GOV Public Government Building  

951 
Public Owned Land – Taxable 
(Section 11) 

PUB P-GOV Public Government Building  

931 City Buildings PUB P-GOV Public Government Building  

932 City Shops and Yard PUB P-GOV Public Government Building  

933 
City Parks and Other 
Recreational Facilities 

PUB P-REC Public Recreation/Assembly  

934 
Municipal Utility Property 
(reservoirs, sewer pipeline) 

PUB P-GOV Public Government Building  

935 Parking Lots – Garages IND I-WH Industrial Warehouse  

936 Municipal Airports PUB AIR Airport 

937 Miscellaneous City Property PUB MISC-PUB Miscellaneous Public/Government 

940 School District Properties PUB P-SCH Public and Private Schools  

941 Fire Districts PUB FIRE Fire station 

942 Flood Control District Property PUB P-GOV Public Government Building  

943 Water District Property PUB P-GOV Public Government Building  

944 Miscellaneous District property PUB P-GOV Public Government Building  
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950 
Public Owned Land – Non-
Taxable 

PUB P-GOV Public Government Building  

951 
Public Owned Land – Taxable 
(Section 11) 

PUB P-GOV Public Government Building  
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1000 
Improved single-family 
residential properties 

SFR SFR Single-family Residential 

1100 
Vacant single-family residential 
properties 

SFR SFR Single-family Residential 

1500 Single-family condominiums SFR SFR Single-family Residential 

2000 Vacant multiple residential land MISC MISC Miscellaneous 

2100 
Improved multiple residential 
land 

MISC MISC Miscellaneous 

2700 Mobile home park MH MH Mobile Home Single/Double 

3000 Vacant commercial land Misc MISC Miscellaneous 

3100 Marinas PUB PORT Ports 

3400 Service stations COM C-SERV Commercial Service-Auto  

3500 Commercial sales and services COM C-RET Commercial Retail  

3800 Hotels and motels COM C-HOTEL Hotel  

4000 Vacant industrial land MISC MISC Miscellaneous 

4400 Manufacturing and warehousing IND I-LT Industrial Light  

5000 Agricultural property FARM FARM 
Farm Buildings Including Primary 
Residence 

6100 Definition Not Available MISC MISC Miscellaneous 

6400 Range and watershed CROP CROP Crops 

8100 Church properties PUB P-CH Public Church  

8200 Schools PUB P-SCH Public and Private Schools  

8300 Hospitals COM C-HOS Hospital  

8400 Cemeteries MISC MISC Miscellaneous 

8500 Cultural uses PUB P-REC Public Recreation/Assembly  

8700 Clubs and lodges PUB P-REC Public Recreation/Assembly  

9700 Taxable below minimum value MISC MISC Miscellaneous 

9800 
Governmental and 
miscellaneous 

PUB P-GOV Public Government Building  
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010 
Vacant R-1 – no higher use 
potential/Null (0,0,0) 

MISC MISC Miscellaneous 

020 
Vacant R-2 – no higher use 
potential/Null (0,0,0) 

MISC MISC Miscellaneous 

030 
Vacant R-3 – no higher use 
potential/Null (0,0,0) 

MISC MISC Miscellaneous 

040 
Vacant PD – no higher use 
potential/Null (0,0,0) 

MISC MISC Miscellaneous 

050 Unassigned/Null (0,0,0) MISC MISC Miscellaneous 

060 Vacant/Null (0,0,0) MISC MISC Miscellaneous 

070 
Vacant; Potential subdivision/Null 
(0,0,0) 

MISC MISC Miscellaneous 

075 
Vacant; Potential subdivision/Trees 
and Vines on property. (0,T,0) 

MISC MISC Miscellaneous 

076 
Vacant; Potential 
subdivision/Property is on the 
Williamson Act. (0,0,W) 

MISC MISC Miscellaneous 

080 
Vacant; Higher use potential/Null 
(0,0,0) 

MISC MISC Miscellaneous 

090 
Vacant; Miscellaneous various/Null 
(0,0,0) 

MISC MISC Miscellaneous 

101 

Single-family residence – no higher 
potential, no added value 
items/Residential Living Unit of any 
type is on the property (R,0,0) 

SFR SFR Single-family Residential 

111 

Single-family residence – same as 
“10” w/pool, spa, or hot 
tub/Residential Living Unit of any 
type is on the property (R,0,0) 

SFR SFR Single-family Residential 

121 

Single-family residence – same as 
“10” or “11” w/additional value 
items/Residential Living Unit of any 
type is on the property (R,0,0) 

SFR SFR Single-family Residential 

122 

Single-family residence – same as 
“10” or “11” w/additional value 
items/Residential Living Unit and 
has trees and vines. (R,T,0) 

SFR SFR Single-family Residential 

131 
Condominium – and condo common 
area/Residential Living Unit of any 
type is on the property (R,0,0) 

MFR MFR Multi-Family Residential  

141 
Mobile home site – 
developed/Residential Living Unit of 
any type is on the property (R,0,0) 

MH MH Mobile Home Single/Double 

160 
Zero lot line (Gentry Plan) – also 
Zero lot line Common area/Null 
(0,0,0) 

MISC MISC Miscellaneous 
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161 

Zero lot line (Gentry Plan) – also 
Zero lot line Common 
area/Residential Living Unit of any 
type is on the property (R,0,0) 

SFR MISC-RES Miscellaneous Residential 

170 
Underimproved or 
overimproved/Null (0,0,0) 

SFR MISC-RES Miscellaneous Residential 

171 

Underimproved or 
overimproved/Residential Living 
Unit of any type is on the property 
(R,0,0) 

SFR SFR Single-family Residential 

181 
Single-family – higher use 
potential/Residential Living Unit of 
any type is on the property (R,0,0) 

SFR SFR Single-family Residential 

190 
Single-family – miscellaneous 
various - poor shape restricts /Null 
(0,0,0) 

SFR SFR Single-family Residential 

191 

Single-family – miscellaneous 
various - poor shape restricts 
/Residential Living Unit of any type 
is on the property (R,0,0) 

SFR SFR Single-family Residential 

201 

Duplex or triplex – no extra value 
items (pool, extra land, 
buildings)/Residential Living Unit of 
any type is on the property (R,0,0) 

MFR MFR Multi-Family Residential  

211 

Duplex or triplex – with extra value 
items (pool, extra land, 
buildings)/Residential Living Unit of 
any type is on the property (R,0,0) 

MFR MFR Multi-Family Residential  

221 

4 to 9 income units – may have 
pool, no significant excess 
land/Residential Living Unit of any 
type is on the property (R,0,0) 

MFR MFR Multi-Family Residential  

231 
10 to 29 income units – same as 
22/Residential Living Unit of any 
type is on the property (R,0,0) 

MFR MFR Multi-Family Residential  

241 
30 or more income units – same as 
22/Residential Living Unit of any 
type is on the property (R,0,0) 

MFR MFR Multi-Family Residential  

261 

Non-uniform and mixed income 
units – 2 or more units, not owner 
occupied/Residential Living Unit of 
any type is on the property (R,0,0) 

MFR MFR Multi-Family Residential  

262 

Non-uniform and mixed income 
units – 2 or more units, not owner 
occupied/Residential Living Unit and 
has trees and vines. (R,T,0) 

MFR MFR Multi-Family Residential  

270 
Potential subdivision property/Null 
(0,0,0) 

Misc MISC Miscellaneous 



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

Appendix A: County Landuse Codes 

A-48 January 2012 

 Public Draft 

Table A-14.  Stanislaus County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

271 
Potential subdivision 
property/Residential Living Unit of 
any type is on the property (R,0,0) 

SFR MISC-RES Miscellaneous Residential 

272 
Potential subdivision 
property/Residential Living Unit and 
has trees and vines. (R,T,0) 

SFR MISC-RES Miscellaneous Residential 

273 

Potential subdivision 
property/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

SFR MISC-RES Miscellaneous Residential 

274 
Potential subdivision 
property/Residential Living Unit, and 
is on the Williamson Act. (R,0,W) 

SFR MISC-RES Miscellaneous Residential 

275 
Potential subdivision property/Trees 
and Vines on property. (0,T,0) 

MISC MISC Miscellaneous 

277 
Potential subdivision property/Trees 
and Vines on property and is on the 
Williamson Act. (0,T,W) 

MISC MISC Miscellaneous 

281 
Higher use potential 
property/Residential Living Unit of 
any type is on the property (R,0,0) 

SFR MISC-RES Miscellaneous Residential 

290 
Miscellaneous improvements – 
various/Null (0,0,0) 

MFR 
MISC-
MFR 

Miscellaneous Residential 

291 
Miscellaneous improvements – 
various/Residential Living Unit of 
any type is on the property (R,0,0) 

MFR 
MISC-
MFR 

Miscellaneous Residential 

300 Vacant – C1 zoning/Null (0,0,0) MISC MISC Miscellaneous 

310 Vacant – C2 zoning/Null (0,0,0) MISC MISC Miscellaneous 

320 Vacant – PD commercial/Null (0,0,0) MISC MISC Miscellaneous 

330 Vacant – H1 zoning/Null (0,0,0) MISC MISC Miscellaneous 

340 
Vacant – M1, M2, or CM zoning/Null 
(0,0,0) 

MISC MISC Miscellaneous 

360 PD Office, AP, PO, PA/Null (0,0,0) COM C-OFF Commercial Office  

370 PD Industrial – PI/Null (0,0,0) IND I-LT Industrial Light  

380 
Vacant – higher use potential/Null 
(0,0,0) 

MISC MISC Miscellaneous 

387 
Vacant – higher use potential/Trees 
and Vines on property and is on the 
Williamson Act. (0,T,W) 

MISC MISC Miscellaneous 

390 
Vacant – miscellaneous, mixed – 
mixtures of commercial and/or 
industrial/Null (0,0,0) 

MISC MISC Miscellaneous 

400 
Commercial stores and shops/Null 
(0,0,0) 

COM C-SHOP 
Commercial Shopping 
Center  
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401 
Commercial stores and 
shops/Residential Living Unit of any 
type is on the property (R,0,0) 

COM C-SHOP 
Commercial Shopping 
Center  

410 Shopping centers/Null (0,0,0) COM C-SHOP 
Commercial Shopping 
Center  

411 
Shopping centers/Residential Living 
Unit of any type is on the property 
(R,0,0) 

COM C-SHOP 
Commercial Shopping 
Center  

420 Mini-marts/Null (0,0,0) COM C-SHOP 
Commercial Shopping 
Center  

421 
Mini-marts/Residential Living Unit of 
any type is on the property (R,0,0) 

COM C-FOOD Commercial Food-Retail  

430 Grocery stores/Null (0,0,0) COM C-GROC Commercial Grocery Store  

431 
Grocery stores/Residential Living 
Unit of any type is on the property 
(R,0,0) 

COM C-GROC Commercial Grocery Store  

440 
Auto sales and auto service 
centers/Null (0,0,0) 

COM C-AUTO Commercial Auto Sales  

441 
Auto sales and auto service 
centers/Residential Living Unit of 
any type is on the property (R,0,0) 

COM C-AUTO Commercial Auto Sales  

460 Recreational properties/Null (0,0,0) PUB P-REC Public Recreation/Assembly  

461 
Recreational properties/Residential 
Living Unit of any type is on the 
property (R,0,0) 

PUB P-REC Public Recreation/Assembly  

470 
Gas stations and auto repair 
shops/Null (0,0,0) 

COM C-SERV Commercial Service-Auto  

471 
Gas stations and auto repair 
shops/Residential Living Unit of any 
type is on the property (R,0,0) 

COM C-SERV Commercial Service-Auto  

480 Trailer parks/Null (0,0,0) PUB P-REC Public Recreation/Assembly  

481 
Trailer parks/Residential Living Unit 
of any type is on the property 
(R,0,0) 

MH MH Mobile Home Single/Double 

490 Transitional commercial/Null (0,0,0) COM 
MISC-
COM 

Miscellaneous Commercial 

491 
Transitional commercial/Residential 
Living Unit of any type is on the 
property (R,0,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

492 
Transitional commercial/Residential 
Living Unit and has trees and vines. 
(R,T,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

494 
Transitional commercial/Residential 
Living Unit, and is on the Williamson 
Act. (R,0,W) 

COM 
MISC-
COM 

Miscellaneous Commercial 



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

Appendix A: County Landuse Codes 

A-50 January 2012 

 Public Draft 

Table A-14.  Stanislaus County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

497 
Transitional commercial/Trees and 
Vines on property and is on the 
Williamson Act. (0,T,W) 

COM 
MISC-
COM 

Miscellaneous Commercial 

500 Restaurants and bars/Null (0,0,0) COM C-HOTEL Hotel  

501 
Restaurants and bars/Residential 
Living Unit of any type is on the 
property (R,0,0) 

COM C-HOTEL Hotel  

510 Fast food/Null (0,0,0) COM 
C-
RESTFF 

Commercial Fast Food Rest  

511 
Fast food/Residential Living Unit of 
any type is on the property (R,0,0) 

COM 
C-
RESTFF 

Commercial Fast Food Rest  

520 Office buildings/Null (0,0,0) COM C-OFF Commercial Office  

521 
Office buildings/Residential Living 
Unit of any type is on the property 
(R,0,0) 

COM C-OFF Commercial Office  

522 
Office buildings/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

COM C-OFF Commercial Office  

530 Hotels and motels/Null (0,0,0) COM C-HOTEL Hotel  

531 
Hotels and motels/Residential Living 
Unit of any type is on the property 
(R,0,0) 

COM C-HOTEL Hotel  

540 
Banks and savings and loans/Null 
(0,0,0) 

COM C-RET Commercial Retail  

541 
Banks and savings and 
loans/Residential Living Unit of any 
type is on the property (R,0,0) 

COM C-RET Commercial Retail  

560 
Medical and dental offices/Null 
(0,0,0) 

COM C-MED Commercial Medical  

561 
Medical and dental 
offices/Residential Living Unit of any 
type is on the property (R,0,0) 

COM C-MED Commercial Medical  

570 
Hospital and convalescent 
hospitals/Null (0,0,0) 

COM C-HOS Hospital  

571 
Hospital and convalescent 
hospitals/Residential Living Unit of 
any type is on the property (R,0,0) 

COM C-HOS Hospital  

580 
Churches and fraternal 
organizations/Null (0,0,0) 

PUB P-CH Public Church  

581 

Churches and fraternal 
organizations/Residential Living Unit 
of any type is on the property 
(R,0,0) 

PUB P-CH Public Church  
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584 

Churches and fraternal 
organizations/Residential Living 
Unit, and is on the Williamson Act. 
(R,0,W) 

PUB P-CH Public Church  

586 
Churches and fraternal 
organizations/Property is on the 
Williamson Act. (0,0,W) 

PUB P-CH Public Church  

587 

Churches and fraternal 
organizations/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

PUB P-CH Public Church  

590 
Miscellaneous – mixed 
commercial/Null (0,0,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

591 

Miscellaneous – mixed 
commercial/Residential Living Unit 
of any type is on the property 
(R,0,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

592 
Miscellaneous – mixed 
commercial/Residential Living Unit 
and has trees and vines. (R,T,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

595 
Miscellaneous – mixed 
commercial/Trees and Vines on 
property. (0,T,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

596 
Miscellaneous – mixed 
commercial/Property is on the 
Williamson Act. (0,0,W) 

COM 
MISC-
COM 

Miscellaneous Commercial 

600 
Farm and heavy equipment dealers 
and service centers/Null (0,0,0) 

COM C-SERV Commercial Service-Auto  

601 

Farm and heavy equipment dealers 
and service centers/Residential 
Living Unit of any type is on the 
property (R,0,0) 

COM C-SERV Commercial Service-Auto  

610 Multi-use warehouses/Null (0,0,0) IND I-WH Industrial Warehouse  

611 
Multi-use warehouses/Residential 
Living Unit of any type is on the 
property (R,0,0) 

IND I-WH Industrial Warehouse  

612 
Multi-use warehouses/Residential 
Living Unit and has trees and vines. 
(R,T,0) 

IND I-WH Industrial Warehouse  

620 Mini-warehouses/Null (0,0,0) IND I-WH Industrial Warehouse  

621 
Mini-warehouses/Residential Living 
Unit of any type is on the property 
(R,0,0) 

IND I-WH Industrial Warehouse  

630 Warehouses/Null (0,0,0) IND I-WH Industrial Warehouse  

631 
Warehouses/Residential Living Unit 
of any type is on the property 
(R,0,0) 

IND I-WH Industrial Warehouse  
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640 Light industrial/Null (0,0,0) IND I-LT Industrial Light  

641 
Light industrial/Residential Living 
Unit of any type is on the property 
(R,0,0) 

IND I-LT Industrial Light  

660 Heavy industrial/Null (0,0,0) IND I-HV 
Industrial Heavy 
Manufacture  

661 
Heavy industrial/Residential Living 
Unit of any type is on the property 
(R,0,0) 

IND I-HV 
Industrial Heavy 
Manufacture  

662 
Heavy industrial/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

IND I-HV 
Industrial Heavy 
Manufacture  

664 
Heavy industrial/Residential Living 
Unit, and is on the Williamson Act. 
(R,0,W) 

IND I-HV 
Industrial Heavy 
Manufacture  

670 Food processing/Null (0,0,0) IND I-LT Industrial Light  

671 
Food processing/Residential Living 
Unit of any type is on the property 
(R,0,0) 

IND I-LT Industrial Light  

674 
Food processing/Residential Living 
Unit, and is on the Williamson Act. 
(R,0,W) 

IND I-LT Industrial Light  

680 
Refrigerated warehouses/Null 
(0,0,0) 

IND I-WH Industrial Warehouse  

681 

Refrigerated 
warehouses/Residential Living Unit 
of any type is on the property 
(R,0,0) 

IND I-WH Industrial Warehouse  

686 
Refrigerated warehouses/Property 
is on the Williamson Act. (0,0,W) 

IND I-WH Industrial Warehouse  

690 
Miscellaneous – mixed 
industrial/Null (0,0,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

691 
Miscellaneous – mixed 
industrial/Residential Living Unit of 
any type is on the property (R,0,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

692 
Miscellaneous – mixed 
industrial/Residential Living Unit and 
has trees and vines. (R,T,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

695 
Miscellaneous – mixed 
industrial/Trees and Vines on 
property. (0,T,0) 

COM 
MISC-
COM 

Miscellaneous Commercial 

696 
Miscellaneous – mixed 
industrial/Property is on the 
Williamson Act. (0,0,W) 

COM 
MISC-
COM 

Miscellaneous Commercial 

700 
Undeveloped residential site/Null 
(0,0,0) 

SFR MISC-RES Miscellaneous Residential 
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706 
Undeveloped residential 
site/Property is on the Williamson 
Act. (0,0,W) 

SFR MISC-RES Miscellaneous Residential 

707 
Undeveloped residential site/Trees 
and Vines on property and is on the 
Williamson Act. (0,T,W) 

SFR MISC-RES Miscellaneous Residential 

710 
Developed residential site/Null 
(0,0,0) 

SFR MISC-RES Miscellaneous Residential 

711 
Developed residential 
site/Residential Living Unit of any 
type is on the property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

712 
Developed residential 
site/Residential Living Unit and has 
trees and vines. (R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

713 

Developed residential 
site/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

714 
Developed residential 
site/Residential Living Unit, and is 
on the Williamson Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

720 
Irrigated open land farming/Null 
(0,0,0) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

721 
Irrigated open land 
farming/Residential Living Unit of 
any type is on the property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

722 
Irrigated open land 
farming/Residential Living Unit and 
has trees and vines. (R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

723 

Irrigated open land 
farming/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

724 
Irrigated open land 
farming/Residential Living Unit, and 
is on the Williamson Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

726 
Irrigated open land farming/Property 
is on the Williamson Act. (0,0,W) 

FARM FARM 
Farm Buildings Including 
Primary RES 

727 
Irrigated open land farming/Trees 
and Vines on property and is on the 
Williamson Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

730 Dry open land farming/Null (0,0,0) FARM 
MISC-
FARM 

Miscellaneous Farm 

731 
Dry open land farming/Residential 
Living Unit of any type is on the 
property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 
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734 
Dry open land farming/Residential 
Living Unit, and is on the Williamson 
Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

736 
Dry open land farming/Property is 
on the Williamson Act. (0,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

740 
Combination dry and irrigated 
farming/Null (0,0,0) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

741 
Combination dry and irrigated 
farming/Residential Living Unit of 
any type is on the property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

742 
Combination dry and irrigated 
farming/Residential Living Unit and 
has trees and vines. (R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

743 

Combination dry and irrigated 
farming/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

744 
Combination dry and irrigated 
farming/Residential Living Unit, and 
is on the Williamson Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

746 
Combination dry and irrigated 
farming/Property is on the 
Williamson Act. (0,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

747 

Combination dry and irrigated 
farming/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

762 
Vineyard/Residential Living Unit and 
has trees and vines. (R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

763 
Vineyard/Residential Living Unit, 
has trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

765 
Vineyard/Trees and Vines on 
property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

767 
Vineyard/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

770 
Chicken ranch (egg or meat)/Null 
(0,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

771 
Chicken ranch (egg or 
meat)/Residential Living Unit of any 
type is on the property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

772 
Chicken ranch (egg or 
meat)/Residential Living Unit and 
has trees and vines. (R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 
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773 

Chicken ranch (egg or 
meat)/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

774 
Chicken ranch (egg or 
meat)/Residential Living Unit, and is 
on the Williamson Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

776 
Chicken ranch (egg or 
meat)/Property is on the Williamson 
Act. (0,0,W) 

FARM FARM 
Farm Buildings Including 
Primary RES 

781 
Turkey ranch (egg or 
meat)/Residential Living Unit of any 
type is on the property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

783 

Turkey ranch (egg or 
meat)/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

784 
Turkey ranch (egg or 
meat)/Residential Living Unit, and is 
on the Williamson Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

786 
Turkey ranch (egg or meat)/Property 
is on the Williamson Act. (0,0,W) 

IND I-LT Industrial Light  

793 
Unassigned/Residential Living Unit, 
has trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

794 
Unassigned/Residential Living Unit, 
and is on the Williamson Act. 
(R,0,W) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

796 
Unassigned/Property is on the 
Williamson Act. (0,0,W) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

797 
Unassigned/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

802 
Walnut orchard/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

803 
Walnut orchard/Residential Living 
Unit, has trees and vines and is on 
the Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

805 
Walnut orchard/Trees and Vines on 
property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

807 
Walnut orchard/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

812 
Almond orchard/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 
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813 
Almond orchard/Residential Living 
Unit, has trees and vines and is on 
the Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

815 
Almond orchard/Trees and Vines on 
property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

817 
Almond orchard/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

822 
Peach orchard/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

823 
Peach orchard/Residential Living 
Unit, has trees and vines and is on 
the Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

825 
Peach orchard/Trees and Vines on 
property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

827 
Peach orchard/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

832 
Apricot orchard/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

833 
Apricot orchard/Residential Living 
Unit, has trees and vines and is on 
the Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

835 
Apricot orchard/Trees and Vines on 
property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

837 
Apricot orchard/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

842 
Miscellaneous vines and 
orchard/Residential Living Unit and 
has trees and vines. (R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

843 

Miscellaneous vines and 
orchard/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

845 
Miscellaneous vines and 
orchard/Trees and Vines on 
property. (0,T,0) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

847 

Miscellaneous vines and 
orchard/Trees and Vines on 
property and is on the Williamson 
Act. (0,T,W) 

FARM 
MISC-
FARM 

Miscellaneous Farm 
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862 

Mixed growing 
improvements/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

863 

Mixed growing 
improvements/Residential Living 
Unit, has trees and vines and is on 
the Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

865 
Mixed growing improvements/Trees 
and Vines on property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

867 
Mixed growing improvements/Trees 
and Vines on property and is on the 
Williamson Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

870 Dairy (all types/Null (0,0,0) IND I-LT Industrial Light  

871 
Dairy (all types/Residential Living 
Unit of any type is on the property 
(R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

872 
Dairy (all types/Residential Living 
Unit and has trees and vines. 
(R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

873 
Dairy (all types/Residential Living 
Unit, has trees and vines and is on 
the Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

874 
Dairy (all types/Residential Living 
Unit, and is on the Williamson Act. 
(R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

876 
Dairy (all types/Property is on the 
Williamson Act. (0,0,W) 

IND I-LT Industrial Light  

880 
Higher potential use (rural)/Null 
(0,0,0) 

FARM 
MISC-
FARM 

Miscellaneous Farm 

881 
Higher potential use 
(rural)/Residential Living Unit of any 
type is on the property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

882 
Higher potential use 
(rural)/Residential Living Unit and 
has trees and vines. (R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

883 

Higher potential use 
(rural)/Residential Living Unit, has 
trees and vines and is on the 
Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

884 
Higher potential use 
(rural)/Residential Living Unit, and is 
on the Williamson Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

885 
Higher potential use (rural)/Trees 
and Vines on property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

886 
Higher potential use (rural)/Property 
is on the Williamson Act. (0,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 
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887 
Higher potential use (rural)/Trees 
and Vines on property and is on the 
Williamson Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

890 Miscellaneous rural/Null (0,0,0) FARM 
MISC-
FARM 

Miscellaneous Farm 

891 
Miscellaneous rural/Residential 
Living Unit of any type is on the 
property (R,0,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

892 
Miscellaneous rural/Residential 
Living Unit and has trees and vines. 
(R,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

893 
Miscellaneous rural/Residential 
Living Unit, has trees and vines and 
is on the Williamson Act. (R,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

894 
Miscellaneous rural/Residential 
Living Unit, and is on the Williamson 
Act. (R,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

895 
Miscellaneous rural/Trees and Vines 
on property. (0,T,0) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

896 
Miscellaneous rural/Property is on 
the Williamson Act. (0,0,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

897 
Miscellaneous rural/Trees and Vines 
on property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

900 All Cities/Null (0,0,0) PUB P-GOV Public Government Building  

906 
All Cities/Property is on the 
Williamson Act. (0,0,W) 

PUB P-GOV Public Government Building  

910 Stanislaus county/Null (0,0,0) PUB P-GOV Public Government Building  

920 State of California/Null (0,0,0) PUB P-GOV Public Government Building  

930 United States/Null (0,0,0) PUB P-GOV Public Government Building  

940 All irrigation districts/Null (0,0,0) Misc MISC Miscellaneous 

941 
All irrigation districts/Residential 
Living Unit of any type is on the 
property (R,0,0) 

SFR MISC-RES Miscellaneous Residential 

950 All public schools/Null (0,0,0) PUB P-SCH Public and Private Schools  

960 All housing authorities/Null (0,0,0) MFR MFR Multi-Family Residential  

961 
All housing authorities/Residential 
Living Unit of any type is on the 
property (R,0,0) 

MFR MFR Multi-Family Residential  

970 Railroad properties/Null (0,0,0) PUB P-GOV Public Government Building  

980 Utilities/Null (0,0,0) COM C-OFF Commercial Office  

990 
“File 13” individuals, cemeteries, fire 
departments, all others/Null (0,0,0) 

PUB FIRE Fire station 
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Table A-14.  Stanislaus County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

897 
Miscellaneous rural/Trees and Vines 
on property and is on the Williamson 
Act. (0,T,W) 

FARM FARM 
Farm Buildings Including 
Primary Residence 

900 All Cities/Null (0,0,0) PUB P-GOV Public Government Building  

906 
All Cities/Property is on the 
Williamson Act. (0,0,W) 

PUB P-GOV Public Government Building  

910 Stanislaus county/Null (0,0,0) PUB P-GOV Public Government Building  

920 State of California/Null (0,0,0) PUB P-GOV Public Government Building  

930 United States/Null (0,0,0) PUB P-GOV Public Government Building  

940 All irrigation districts/Null (0,0,0) MISC MISC Miscellaneous 

941 
All irrigation districts/Residential 
Living Unit of any type is on the 
property (R,0,0) 

SFR MISC-RES Miscellaneous Residential 

950 All public schools/Null (0,0,0) PUB P-SCH Public and Private Schools  

960 All housing authorities/Null (0,0,0) MFR MFR Multi-Family Residential  

961 
All housing authorities/Residential 
Living Unit of any type is on the 
property (R,0,0) 

MFR MFR Multi-Family Residential  

970 Railroad properties/Null (0,0,0) PUB P-GOV Public Government Building  

980 Utilities/Null (0,0,0) COM C-OFF Commercial Office  

990 
“File 13” individuals, cemeteries, fire 
departments, all others/Null (0,0,0) 

PUB FIRE Fire station 
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Table A-15.  Sutter County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

000-*** Institutional PUB MISC-PUB Miscellaneous Public/Government 

010-*** 
Lodge building/club house or 
school building 

PUB P-REC Public Recreation/Assembly  

011-*** Privately owned schools PUB P-SCH Public and Private Schools  

020-*** Funeral homes or mortuary COM C-MED Commercial Medical  

030-*** Churches and temples PUB P-CH Public Church  

040-*** Cemetery or mausoleum Misc MISC Miscellaneous 

050-*** Government taxable PUB P-GOV Public Government Building  

060-*** Government non-taxable PUB P-GOV Public Government Building  

070-*** 
Manufactured home lots with 
licensed mobile homes 

MH MH Mobile Home Single/Double 

080-*** Vacant R-2 Misc MISC Miscellaneous 

090-*** Vacant R-3 and R-4 Misc MISC Miscellaneous  

100-*** Vacant R-1 Misc MISC Miscellaneous  

120-*** Improved residence SFR SFR Single-family Residential 

130-*** 
Two (2) single-family 
residences 

MFR MFR Multi-Family Residential  

140-*** Multi-family residence MFR MFR Multi-Family Residential  

170-*** 
Multi-family residence - 
Apart/single 3 units 

MFR MFR Multi-Family Residential  

180-*** 
Single-family residence - 
Halfplexes 

SFR SFR Single-family Residential 

190-*** 
Single-family residence - 
Condominium 

SFR SFR Single-family Residential 

200-*** 
Open land over 15 acres – 
no SFR 

CROP MISC-AG Miscellaneous Agriculture 

201-*** 
Open land over 15 acres 
with one (1) SFR 

FARM FARM 
Farm Buildings Including Primary 
Residence 

202-*** 
Open land over 15 acres 
with two (2) SFR 

MFR MFR Multi-Family Residential  

220-*** 
Home site or small ranch 
under 15 acres – no SFR 

CROP MISC-AG Miscellaneous Agriculture 

221-*** 
Home site or small ranch 
under 15 acres with one (1) 
SFR 

FARM FARM 
Farm Buildings Including Primary 
Residence 

222-*** 
Home site or small ranch 
under 15 acres with two (2) 
SFR 

MFR MFR Multi-Family Residential  

223-*** 
Home site or small ranch 
under 15 acres with three (3) 
SFR 

MFR MFR Multi-Family Residential  
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Table A-15.  Sutter County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

224-*** 
Home site or small ranch 
under 15 acres with four (4) 
SFR 

MFR MFR Multi-Family Residential  

230-*** 
Orchard over 15 acres – no 
SFR 

CROP MISC-AG Miscellaneous Agriculture 

231-*** 
Orchard over 15 acres with 
one (1) SFR 

FARM FARM 
Farm Buildings Including Primary 
Residence 

232-*** 
Orchard over 15 acres with 
two (2) SFR 

MFR MFR Multi-Family Residential  

233-*** 
Orchard over 15 acres with 
three (3) SFR 

MFR MFR Multi-Family Residential  

234-*** 
Orchard over 15 acres with 
four (4) SFR 

MFR MFR Multi-Family Residential  

235-*** 
Orchard over 15 acres with 
five (5) SFR and greater 

MFR MFR Multi-Family Residential  

240-7** 
Ag business – vacant land or 
orchard – no SFR 

CROP MISC-AG Miscellaneous Agriculture 

241-7** 
Ag business – orchard with 
one (1) SFR 

FARM FARM 
Farm Buildings Including Primary 
Residence 

260-*** Dry farming or grazing land FARM 
MISC-
FARM 

Miscellaneous Farm 

280-*** Duck clubs FARM FARM 
Farm Buildings Including Primary 
Residence 

290-*** Horse stables FARM FARM 
Farm Buildings Including Primary 
Residence 

300-*** Vacant commercial land Misc MISC Miscellaneous 

310-*** 
Improved commercial – store 
type 

COM C-RET Commercial Retail  

311-*** 
Improved commercial – 
service type 

COM C-SERV Commercial Service-Auto  

320-*** 
Improved commercial – 
shopping center 

COM C-SHOP Commercial Shopping Center  

321-*** Restaurant/bars COM C-REST Commercial Restaurants  

322-*** Fast food restaurant COM C-RESTFF Commercial Fast Food Restaurant 

329-*** Medical building COM C-MED Commercial Medical  

330-*** Office building COM C-OFF Commercial Office  

331-*** Mixed use COM C-OFF Commercial Office  

332-*** Mini-storage building IND I-WH Industrial Warehouse  

333-*** Mini-mart-gas COM C-FOOD Commercial Food-Retail  

334-*** Small grocery store COM C-FOOD Commercial Food-Retail  

335-*** Misc. and special use COM MISC-COM Miscellaneous Commercial 

340-*** Auto services COM C-AUTO Commercial Auto Sales  
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Table A-15.  Sutter County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

350-*** Motels COM C-HOTEL Hotel  

360-*** Mobile home parks MH MH Mobile Home Single/Double 

370-*** Rest homes/skilled nursing COM ELDER Eldercare 

375-7** Rice dryers IND I-LT Industrial Light  

380-*** Marinas PUB PORT Ports 

390-*** Hospitals COM C-HOS Hospital  

400-*** Vacant industrial land Misc MISC Miscellaneous 

410-*** Improved industrial land IND MISC-IND Miscellaneous Industrial 

415-*** Steel buildings COM C-OFF Commercial Office  

420-*** Airport, crop dusting PUB AIR Airport 

430-*** Mines and quarries IND I-HV Industrial Heavy Manufacture  

600-*** Recreational PUB P-REC Public Recreation/Assembly  

610-*** Water companies PUB P-GOV Public Government Building  

700-*** Gas wells IND I-HV Industrial Heavy Manufacture  

LLL-LLL Temporary Code Misc MISC Miscellaneous 

MH0-*** Manufactured Homes MH MH Mobile Home Single/Double 
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Table A-16.  Tehama County Land Use Codes  

Due to its size the Land Use Codes for Tehama County will not be included.  The Land Use Codes 

will be available electronically upon request. 
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Table A-17.  Yolo County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

010 Single-family Residence SFR SFR Single-family Residential 

011 Condominium Unit MFR MFR Multi-Family Residential  

012 Condominium Unit MFR MFR Single-family Residential 

013 SFR (non-confirm) SFR SFR Single-family Residential 

014 (2nd use) SFR SFR Single-family Residential 

015 
SFR lot w/miscellaneous 
improvements 

SFR SFR Single-family Residential 

016 SFR attached SFR SFR Single-family Residential 

017 Mobile home MH MH Mobile Home Single/Double 

018 Co-op housing MFR MFR Multi-Family Residential  

019 Identifier SFR SFR Single-family Residential 

020 1 duplex – 1 building MFR MFR Multi-Family Residential  

021 
2 single-family residence – 1 
lot 

MFR MFR Multi-Family Residential  

029 Identifier MFR MFR Multi-Family Residential  

030 1 triplex – 3 units in 1 building MFR MFR Multi-Family Residential  

031 3 units - 2 or more buildings MFR MFR Multi-Family Residential  

032 Single fourplex MFR MFR Multi-Family Residential  

033 4 units – 2 or more buildings MFR MFR Multi-Family Residential  

080 Common area no structures Misc MISC Miscellaneous 

081 Common area with structures PUB P-REC Public Recreation/Assembly  

082 Green belt SFR MISC-RES Miscellaneous Residential 

089 Identifier Misc MISC Miscellaneous 

110 Single story store COM C-SHOP Commercial Shopping Center  

111 Multiple story store COM C-SHOP Commercial Shopping Center  

112 Multiple store – 1 building COM C-SHOP Commercial Shopping Center  

113 Store with residential unit COM C-SHOP Commercial Shopping Center  

114 Store with residential unit COM C-SHOP Commercial Shopping Center  

119 Identifier COM C-SHOP Commercial Shopping Center  

120 1 store – 1 office COM C-OFF Commercial Office  

121 Combo stores/offices COM C-OFF Commercial Office  

122 
Combo 
stores/offices/residential 

COM C-OFF Commercial Office  

129 Identifier COM C-SHOP Commercial Shopping Center  

130 One story COM C-SHOP Commercial Shopping Center  

140 Small Food COM C-GROC Commercial Grocery Store  

141 Supermarkets COM C-SHOP Commercial Shopping Center  

142 Outlying food stores COM C-GROC Commercial Grocery Store  
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Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

149 Identifier COM C-GROC Commercial Grocery Store  

150 Outlying COM C-SHOP Commercial Shopping Center  

151 In commercial area COM C-SHOP Commercial Shopping Center  

159 Identifier COM C-SHOP Commercial Shopping Center  

160 5-10 Residential Units MFR MFR Multi-Family Residential  

161 11-20 Residential Units MFR MFR Multi-Family Residential  

162 21-40 Residential Units MFR MFR Multi-Family Residential  

163 41-100 Residential Units MFR MFR Multi-Family Residential  

164 100+ Residential Units MFR MFR Multi-Family Residential  

165 5+ Residential Nature MFR MFR Multi-Family Residential  

166 
Rooming house, dorm, frat, 
sorority 

MFR MFR Multi-Family Residential  

169 Identifier MFR MFR Multi-Family Residential  

170 One story COM C-OFF Commercial Office  

171 Two story COM C-OFF Commercial Office  

172 3+ stories COM C-OFF Commercial Office  

173 Converted residence COM C-OFF Commercial Office  

179 Identifier COM C-OFF Commercial Office  

179 Identifier COM C-OFF Commercial Office  

180 Banks COM C-RET Commercial Retail  

181 Savings and Loans COM C-RET Commercial Retail  

189 Identifier COM C-RET Commercial Retail  

190 Medical Offices COM C-MED Commercial Medical  

191 Dental Offices COM C-MED Commercial Medical  

192 Medical-Dental Complex COM C-MED Commercial Medical  

193 Veterinary hospital COM C-HOS Hospital  

199 Identifier COM C-OFF Commercial Office  

200 Commercial common area COM MISC-COM Miscellaneous Commercial 

201 Parking lot – fee COM MISC-COM Miscellaneous Commercial 

202 Parking lot – no fee COM MISC-COM Miscellaneous Commercial 

203 Parking lot – garage COM MISC-COM Miscellaneous Commercial 

204 Parking lot – garage COM MISC-COM Miscellaneous Commercial 

205 Parking lot – garage COM MISC-COM Miscellaneous Commercial 

209 Identifier COM MISC-COM Miscellaneous Commercial 

210 Restaurant COM C-FOOD Commercial Food-Retail  

211 Drive-in and Fast food COM C-RESTFF Commercial Fast Food Rest  

212 Coffee shop COM C-FOOD Commercial Food-Retail  

213 Cocktail lounge-bar COM C-FOOD Commercial Food-Retail  
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Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

214 Combination COM C-HOTEL Hotel  

219 Identifier COM C-REST Commercial Restaurants  

220 Mobile home park MH MH Mobile Home Single/Double 

221 Overnight park MH MH Mobile Home Single/Double 

222 MHP with overnight facility MH MH Mobile Home Single/Double 

223 Resort type park COM C-HOTEL Hotel  

229 Identifier MH MH Mobile Home Single/Double 

230 <30 units COM C-HOTEL Hotel  

231 31+ units COM C-HOTEL Hotel  

232 <30 units with kitchen COM C-HOTEL Hotel  

233 31+ units with kitchen COM C-HOTEL Hotel  

234 
<30 units with shops and 
restaurant 

COM C-HOTEL Hotel  

235 
31+ units with shops and 
restaurant 

COM C-HOTEL Hotel  

236 Resort motels (cabins, etc.) COM C-HOTEL Hotel  

239 Identifier COM C-HOTEL Hotel  

240 Hotel without restaurant COM C-HOTEL Hotel  

241 Hotel with restaurant COM C-HOTEL Hotel  

249 Identifier COM C-HOTEL Hotel  

250 Full Service Station COM C-SERV Commercial Service-Auto  

251 Self-serve (pumps only) COM C-SERV Commercial Service-Auto  

252 Station w/car wash COM C-SERV Commercial Service-Auto  

253 Truck terminal COM C-SERV Commercial Service-Auto  

254 Bulk plant COM C-SERV Commercial Service-Auto  

259 Identifier COM C-SERV Commercial Service-Auto  

260 w/service center COM C-AUTO Commercial Auto Sales  

261 w/o service center COM C-AUTO Commercial Auto Sales  

262 Other sales center COM C-AUTO Commercial Auto Sales  

270 Sales and/or Service COM C-AUTO Commercial Auto Sales  

279 Identifier COM C-AUTO Commercial Auto Sales  

280 Auto and truck repairs COM C-AUTO Commercial Auto Sales  

281 Specialty shops COM C-AUTO Commercial Auto Sales  

282 Car Wash COM C-SERV Commercial Service-Auto  

283 Self-service car wash COM C-SERV Commercial Service-Auto  

284 Auto wreckers COM C-SERV Commercial Service-Auto  

289 Identifier COM C-SERV Commercial Service-Auto  

290 Retail COM C-RET Commercial Retail  
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Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

291 Wholesale COM C-RET Commercial Retail  

299 Identifier COM C-SHOP Commercial Shopping Center  

310 and Light industrial IND I-LT Industrial Light  

311 and Warehousing IND I-WH Industrial Warehouse  

319 Identifier IND I-LT Industrial Light  

320 Warehousing IND I-WH Industrial Warehouse  

321 Yard (open storage) IND I-WH Industrial Warehouse  

322 Mini storage IND I-WH Industrial Warehouse  

323 Truck and freight terminals IND I-WH Industrial Warehouse  

324 Truck and freight terminals IND I-WH Industrial Warehouse  

327 Truck and freight terminals IND I-WH Industrial Warehouse  

329 Identifier IND I-WH Industrial Warehouse  

330 Mill IND I-LT Industrial Light  

331 Retail Yard IND I-LT Industrial Light  

332 
Specialty products (chips, 
sawdust, etc.) 

IND I-LT Industrial Light  

339 Identifier IND I-LT Industrial Light  

340 Definition Not Available MISC MISC Miscellaneous  

341 Definition Not Available MISC MISC Miscellaneous  

350 Fruit and Vegetables IND I-LT Industrial Light  

351 Meat products IND I-LT Industrial Light  

352 Wineries IND I-LT Industrial Light  

353 Sugar refinery IND I-LT Industrial Light  

354 Other food processing IND I-LT Industrial Light  

359 Identifier IND I-LT Industrial Light  

360 Feed and grain mills IND I-LT Industrial Light  

361 Retail feed and grain sales IND I-LT Industrial Light  

369 Identifier IND I-LT Industrial Light  

370 Factory IND I-HV Industrial Heavy Manufacture  

379 Identifier IND I-HV Industrial Heavy Manufacture  

390 Industrial common area IND MISC-IND Miscellaneous Industrial 

391 
Multiple miscellaneous 
industrial uses 

IND MISC-IND Miscellaneous Industrial 

392 
Industrial use – no other 
category 

IND MISC-IND Miscellaneous Industrial 

393 Industrial combo IND MISC-IND Miscellaneous Industrial 

399 Identifier IND MISC-IND Miscellaneous Industrial 

400 Row crop CROP CROP Crops 
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Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

401 Rice land CROP CROP Crops 

402 Field crop CROP CROP Crops 

403 Pasture CROP CROP Crops 

404 Duck club CROP CROP Crops 

409 Identifier CROP CROP Crops 

410 Prunes CROP CROP Crops 

411 Apricots CROP CROP Crops 

412 Pears CROP CROP Crops 

414 Mixed CROP CROP Crops 

415 Miscellaneous CROP CROP Crops 

416 Miscellaneous CROP CROP Crops 

419 Identifier CROP CROP Crops 

420 Almonds CROP CROP Crops 

421 Walnuts CROP CROP Crops 

422 Pistachios CROP CROP Crops 

423 Mixed CROP CROP Crops 

424 Miscellaneous CROP CROP Crops 

429 Identifier CROP CROP Crops 

430 Chenin Blanc CROP CROP Crops 

431 Cabernet Sauvignon CROP CROP Crops 

433 Sauvignon Blanc CROP CROP Crops 

434 Chardonnay CROP CROP Crops 

435 Zinfandel CROP CROP Crops 

436 Symphony CROP CROP Crops 

438 Mixed CROP CROP Crops 

439 Identifier CROP CROP Crops 

440 Row crop I and II CROP CROP Crops 

441 Row crop III and IV CROP CROP Crops 

442 Row crop - Clarksburg CROP CROP Crops 

443 Row crop – Capay CROP CROP Crops 

444 Rice land CROP CROP Crops 

445 Rolling land CROP CROP Crops 

446 Pasture CROP CROP Crops 

447 Class III and IV – Capay CROP CROP Crops 

449 Identifier CROP CROP Crops 

470 Dairy IND I-LT Industrial Light  

471 Feed lot COM MISC-COM Miscellaneous Commercial 
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Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

472 Poultry or bird IND I-LT Industrial Light  

474 Apiary IND I-LT Industrial Light  

475 Kennels COM MISC-COM Miscellaneous Commercial 

479 Identifier CROP CROP Crops 

483 Research farm FARM FARM 
Farm Buildings Including 
Primary Residence 

490 Rural residential - 1 residence FARM FARM 
Farm Buildings Including 
Primary Residence 

491 Rural residential - 2 or more FARM FARM 
Farm Buildings Including 
Primary Residence 

492 
Rural H.S. with miscellaneous 
improvements only 

FARM FARM 
Farm Buildings Including 
Primary Residence 

493 Labor camp FARM FARM 
Farm Buildings Including 
Primary Residence 

494 Rural H.S. 0-5 acres – vacant FARM 
MISC-
FARM 

Miscellaneous Farm 

495 Rural H.S. 5-20 acres – vacant FARM 
MISC-
FARM 

Miscellaneous Farm 

496 Taxable mobile home MH MH Mobile Home Single/Double 

498 Rural residential – 1 residence FARM FARM 
Farm Buildings Including 
Primary RES 

499 Identifier FARM FARM 
Farm Buildings Including 
Primary Residence 

500 Field crops CROP CROP Crops 

501 Pasture CROP CROP Crops 

502 Waste land Misc MISC Miscellaneous  

503 Sloughs and levees Misc MISC Miscellaneous  

509 Identifier CROP CROP Crops 

510 Range – High – brushy CROP CROP Crops 

511 Range – Low – open CROP CROP Crops 

512 Summer fallow CROP CROP Crops 

513 Dry orchard CROP CROP Crops 

514 Miscellaneous dry farming CROP CROP Crops 

515 Hunting club PUB P-REC Public Recreation/Assembly  

516 
Rural H.S. over 20 acres – 
vacant 

FARM 
MISC-
FARM 

Miscellaneous Farm 

517 Waste land CROP MISC-AG Miscellaneous Agriculture 

519 Identifier CROP CROP Crops 

610 Swimming pool PUB P-REC Public Recreation/Assembly  

611 Recreational center PUB P-REC Public Recreation/Assembly  
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County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

612 Marina or yacht club PUB P-REC Public Recreation/Assembly  

619 Identifier PUB P-REC Public Recreation/Assembly  

620 Privately owned halls PUB P-REC Public Recreation/Assembly  

630 Bowling center PUB P-REC Public Recreation/Assembly  

631 
Arcades and amusement 
centers 

PUB P-REC Public Recreation/Assembly  

632 Skating ring PUB P-REC Public Recreation/Assembly  

640 Clubs and lodge halls PUB P-REC Public Recreation/Assembly  

649 Identifier PUB P-REC Public Recreation/Assembly  

650 Privately owned PUB P-REC Public Recreation/Assembly  

659 Identifier PUB P-REC Public Recreation/Assembly  

660 18 Hole PUB P-REC Public Recreation/Assembly  

661 9 Hole PUB P-REC Public Recreation/Assembly  

662 Country club PUB P-REC Public Recreation/Assembly  

669 Identifier PUB P-REC Public Recreation/Assembly  

670 Walk-in PUB P-REC Public Recreation/Assembly  

672 Stage-Live PUB P-REC Public Recreation/Assembly  

690 Privately owned parks PUB P-REC Public Recreation/Assembly  

710 Church, synagogue, or temple PUB P-CH Public Church  

711 
Other property used with and 
essential to a church 

PUB P-CH Public Church  

712 
Church and school 
combination 

PUB P-CH Public Church  

719 Identifier PUB P-CH Public Church  

720 Private schools PUB P-SCH Public and Private Schools  

721 Parochial school PUB P-SCH Public and Private Schools  

722 Special school PUB P-SCH Public and Private Schools  

723 Schools PUB P-SCH Public and Private Schools  

729 Identifier PUB P-SCH Public and Private Schools  

740 Full service COM C-HOS Hospital  

741 Convalescent COM C-HOS Hospital  

742 Clinic COM C-HOS Hospital  

749 Identifier COM C-HOS Hospital  

750 Rest home COM ELDER Eldercare 

751 Special home COM ELDER Eldercare 

759 Identifier COM ELDER Eldercare 

770 Cemetery Misc MISC Miscellaneous  

771 Mortuary or funeral home Misc MISC Miscellaneous  



 County Landuse Codes 

January 2012 A-71 

Public Draft 

Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

779 Identifier Misc MISC Miscellaneous  

790 Mineral extraction IND I-LT Industrial Light  

791 Sand and gravel plant IND I-LT Industrial Light  

799 Identifier IND I-LT Industrial Light  

800 Vacant R-1 undeveloped Misc MISC Miscellaneous  

801 Vacant R-1 with utilities Misc MISC Miscellaneous  

803 Vacant apartment undeveloped SFR MISC-RES Miscellaneous Residential 

804 Vacant apartment with utilities SFR MISC-RES Miscellaneous Residential 

805 
Vacant commercial 
undeveloped 

COM MISC-COM Miscellaneous Commercial 

806 Vacant commercial with utilities COM MISC-COM Miscellaneous Commercial 

807 Vacant industrial undeveloped IND MISC-IND Miscellaneous Industrial 

808 Vacant industrial with utilities IND MISC-IND Miscellaneous Industrial 

809 Identifier Misc MISC Miscellaneous  

820 Lake, creek, river or stream Misc MISC Miscellaneous  

829 Identifier Misc MISC Miscellaneous  

830 Right of way Misc MISC Miscellaneous  

831 Private road or street Misc MISC Miscellaneous  

839 Identifier PUB MISC-PUB 
Miscellaneous 
Public/Government 

900 Vacant federal land Misc MISC Miscellaneous 

901 Federal buildings PUB P-GOV Public Government Building  

909 Identifier PUB MISC-PUB 
Miscellaneous 
Public/Government 

910 Vacant state land Misc MISC Miscellaneous  

920 Vacant county land Misc MISC Miscellaneous  

921 County buildings PUB P-GOV Public Government Building  

925 Miscellaneous county property PUB P-GOV Public Government Building  

929 Identifier PUB P-GOV Public Government Building  

930 Vacant city land Misc MISC Miscellaneous 

933 
Parks and other recreational 
facilities 

PUB P-REC Public Recreation/Assembly  

937 Miscellaneous city property PUB MISC-PUB 
Miscellaneous 
Public/Government 

939 Identifier PUB P-GOV Public Government Building  

940 School district property PUB P-GOV Public Government Building  

941 Fire district property PUB P-GOV Public Government Building  

942 Flood control district property PUB P-GOV Public Government Building  

943 Water district property PUB P-GOV Public Government Building  
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County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

944 Miscellaneous district property PUB P-GOV Public Government Building  

949 Identifier PUB P-GOV Public Government Building  

959 Identifier PUB P-GOV Public Government Building  

960 Well site Misc MISC Miscellaneous  

962 Spring or other water sources Misc MISC Miscellaneous  

963 Slough Misc MISC Miscellaneous  

969 Identifier Misc MISC Miscellaneous  

970 SBE valued property COM MISC-COM Miscellaneous Commercial 

971 Utility water company COM MISC-COM Miscellaneous Commercial 

973 Cable TV COM C-RET Commercial Retail  

974 Radio and TV broadcast site PUB P-REC Public Recreation/Assembly  

975 Pipeline right of way Misc MISC Miscellaneous 

979 Identifier PUB MISC-PUB 
Miscellaneous 
Public/Government 

999 Definition Not Available Misc MISC Miscellaneous  

829 Identifier Misc MISC Miscellaneous  

830 Right of way Misc MISC Miscellaneous  

831 Private road or street Misc MISC Miscellaneous  

839 Identifier PUB MISC-PUB 
Miscellaneous 
Public/Government 

900 Vacant federal land Misc MISC Miscellaneous 

901 Federal buildings PUB P-GOV Public Government Building  

909 Identifier PUB MISC-PUB 
Miscellaneous 
Public/Government 

910 Vacant state land Misc MISC Miscellaneous  

920 Vacant county land Misc MISC Miscellaneous  

921 County buildings PUB P-GOV Public Government Building  

925 Miscellaneous county property PUB P-GOV Public Government Building  

929 Identifier PUB P-GOV Public Government Building  

930 Vacant city land Misc MISC Miscellaneous 

933 
Parks and other recreational 
facilities 

PUB P-REC Public Recreation/Assembly  

937 Miscellaneous city property PUB MISC-PUB 
Miscellaneous 
Public/Government 

939 Identifier PUB P-GOV Public Government Building  

940 School district property PUB P-GOV Public Government Building  

941 Fire district property PUB P-GOV Public Government Building  

942 Flood control district property PUB P-GOV Public Government Building  

943 Water district property PUB P-GOV Public Government Building  
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Table A-17.  Yolo County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

944 Miscellaneous district property PUB P-GOV Public Government Building  

949 Identifier PUB P-GOV Public Government Building  

959 Identifier PUB P-GOV Public Government Building  

960 Well site Misc MISC Miscellaneous  

962 Spring or other water sources Misc MISC Miscellaneous  

963 Slough Misc MISC Miscellaneous  

969 Identifier Misc MISC Miscellaneous  

970 SBE valued property COM MISC-COM Miscellaneous Commercial 

971 Utility water company COM MISC-COM Miscellaneous Commercial 

973 Cable TV COM C-RET Commercial Retail  

974 Radio and TV broadcast site PUB P-REC Public Recreation/Assembly  

975 Pipeline right of way Misc MISC Miscellaneous 

979 Identifier PUB MISC-PUB 
Miscellaneous 
Public/Government 

999 Definition Not Available Misc MISC Miscellaneous 
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Table A-18.  Yuba County Land Use Codes 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

101 Vacant land single-family MISC MISC Miscellaneous  

102 Vacant land – common area MISC MISC Miscellaneous  

105 Vacant land multi-family MISC MISC Miscellaneous  

110 Single-family urban SFR SFR Single-family Residential 

115 Single-family residential – rural SFR SFR Single-family Residential 

120 
2 or more dwellings not 
subdividable 

MFR MFR Multi-Family Residential  

125 
Licensed mobile home on 
private property 

MH MH Mobile Home Single/Double 

126 
Taxable mobile home on private 
property 

MH MH Mobile Home Single/Double 

127 
Taxable mobile home in mobile 
home park 

MH MH Mobile Home Single/Double 

129 
Mobile home on permanent 
foundation 

MH MH Mobile Home Single/Double 

130 
Condo, townhouse, or planned 
development 

MFR MFR Multi-Family Residential  

135 Vacation cabin SFR SFR Single-family Residential 

140 Duplex or triplex MFR MFR Multi-Family Residential  

145 Four or more apartments MFR MFR Multi-Family Residential  

155 Mobile home park MH MH Mobile Home Single/Double 

160 Hotel COM C-HOTEL Hotel  

165 Motel COM C-HOTEL Hotel  

170 Group quarters retirement, etc COM ELDER Eldercare 

199 Miscellaneous improvements SFR MISC-RES Miscellaneous Residential 

201 Vacant land industrial  Misc MISC Miscellaneous 

205 Warehouse – primarily storage IND I-WH Industrial Warehouse  

210 Light manufacturing IND I-LT Industrial Light  

215 Heavy manufacturing IND I-HV Industrial Heavy Manufacture  

220 Bulk plant IND I-HV Industrial Heavy Manufacture  

225 Food processing IND I-LT Industrial Light  

230 Lumber processing IND I-HV Industrial Heavy Manufacture  

235 Mineral processing IND I-HV Industrial Heavy Manufacture  

240 Wholesale distributor IND I-LT Industrial Light  

245 Mini-warehouse IND I-WH Industrial Warehouse  

299 Other industrial improvements IND MISC-IND Miscellaneous Industrial 

301 
Vacant land – more than 50 
acres 

MISC MISC Miscellaneous  

302 
Vacant rural homesite – 5 acres 
or less 

MISC MISC Miscellaneous  
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Table A-18.  Yuba County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

304 
Vacant rural homesite – 5 to 10 
acres 

MISC MISC Miscellaneous  

306 
Vacant rural homesite – 10 to 
20 acres 

MISC MISC Miscellaneous  

308 Ranchette – 20 to 50 acres FARM FARM 
Farm Buildings Including 
Primary Residence 

310 Peaches CROP CROP Crops 

311 Prunes CROP CROP Crops 

312 Pears CROP CROP Crops 

313 Walnuts CROP CROP Crops 

314 Almonds CROP CROP Crops 

315 Olives CROP CROP Crops 

316 Grape vineyards CROP CROP Crops 

317 Kiwis CROP CROP Crops 

325 Orchards mixed CROP CROP Crops 

330 Rice CROP CROP Crops 

333 Rice and hunting CROP CROP Crops 

335 Row crops CROP CROP Crops 

340 Irrigated pasture CROP CROP Crops 

345 Native pasture CROP CROP Crops 

350 Native pasture and hunting CROP CROP Crops 

355 Irrigated field crops CROP CROP Crops 

356 Non-irrigated field crops CROP CROP Crops 

360 Dairy IND I-LT Industrial Light  

362 Livestock operations IND I-LT Industrial Light  

370 Mineral rights or mining IND I-HV Industrial Heavy Manufacture  

373 Hunting and fishing rights MISC MISC Miscellaneous 

375 Timber CROP MISC-AG Miscellaneous Agriculture 

376 Timber preserve zone CROP MISC-AG Miscellaneous Agriculture 

380 
Department of Fish and Game – 
wildlife management area 

PUB P-GOV Public Government Building  

382 Definition Not Available CROP MISC-AG Miscellaneous Agriculture 

399 
Miscellaneous agricultural or 
rural properties 

CROP MISC-AG Miscellaneous Agriculture 

405 
Undedicated private streets, 
roads or walkways 

MISC Misc Miscellaneous 

410 
Transportation – terminals, 
yards 

PUB P-GOV Public Government Building  

415 Airports PUB AIR Airport 

420 Parking lots and garages COM MISC-COM Miscellaneous Commercial 
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Table A-18.  Yuba County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

425 Communications COM MISC-COM Miscellaneous Commercial 

430 
Private water – sanitation 
system 

PUB P-GOV Public Government Building  

435 Water well site (private) MISC MISC Miscellaneous 

499 
Other transportation, 
communication, or utility 

PUB P-GOV Public Government Building  

501 Vacant land – commercial MISC MISC Miscellaneous 

510 Downtown store COM C-SHOP Commercial Shopping Center  

515 Shopping center COM C-SHOP Commercial Shopping Center  

520 Spot retail COM C-RET Commercial Retail  

525 Strip retail COM C-RET Commercial Retail  

530 Service station COM C-SERV Commercial Service-Auto  

533 Car wash COM C-SERV Commercial Service-Auto  

535 Amusement and recreation PUB P-REC Public Recreation/Assembly  

540 Restaurants, coffee shops, etc. COM C-FOOD Commercial Food-Retail  

550 Golf course PUB P-REC Public Recreation/Assembly  

599 Other commercial COM MISC-COM Miscellaneous Commercial 

610 Medical or dental office COM C-MED Commercial Medical  

615 General office COM C-OFF Commercial Office  

620 Financial institutions PUB P-GOV Public Government Building  

630 
Hospitals, rest homes, 
convalescent hospitals 

COM C-HOS Hospital  

635 Mortuary COM C-MED Commercial Medical  

640 Cemetery MISC MISC Miscellaneous 

690 
Religious, charitable, fraternal 
organizations and services 

PUB P-REC Public Recreation/Assembly  

691 Religious camps PUB P-REC Public Recreation/Assembly  

692 Definition Not Available COM MISC-COM Miscellaneous Commercial 

699 Other services COM MISC-COM Miscellaneous Commercial 

901 Olivehurst public utility district PUB P-GOV Public Government Building  

902 Linda county water district PUB P-GOV Public Government Building  

903 City of Wheatland PUB P-GOV Public Government Building  

904 Yuba county water district PUB P-GOV Public Government Building  

905 City of Marysville PUB P-GOV Public Government Building  

906 County property PUB P-GOV Public Government Building  

907 State property PUB P-GOV Public Government Building  

908 Yuba county water agency PUB P-GOV Public Government Building  

909 Browns valley irrigation district PUB P-GOV Public Government Building  

910 Pacific Gas and Electric PUB P-GOV Public Government Building  
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Table A-18.  Yuba County Land Use Codes (cont.) 

County 
Use 

Description FDA_Damage 
OCC-
Name 

Corps OCC-Description 

911 Telephone company PUB P-GOV Public Government Building  

915 Air Force base PUB AIR Airport 

916 National forest PUB P-REC Public Recreation/Assembly  

917 Government wildlife preserve PUB P-REC Public Recreation/Assembly  

918 Federal property – other PUB P-GOV Public Government Building  

920 Postal property PUB P-GOV Public Government Building  

925 Highway parcel PUB MISC-PUB 
Miscellaneous 
Public/Government 

930 Parks including playfields PUB P-REC Public Recreation/Assembly  

935 Railways PUB P-GOV Public Government Building  

940 Redevelopment agency PUB P-GOV Public Government Building  

945 Sanitary and drainage districts PUB P-GOV Public Government Building  

946 Fire protection districts PUB FIRE Fire station 

950 Elementary school PUB P-SCH Public and Private Schools  

951 Junior high school PUB P-SCH Public and Private Schools  

952 High school PUB P-SCH Public and Private Schools  

953 Community and junior college PUB P-SCH Public and Private Schools  

954 State colleges and universities PUB P-SCH Public and Private Schools  

955 Definition Not Available PUB MISC-PUB 
Miscellaneous 
Public/Government 

956 Definition Not Available PUB MISC-PUB 
Miscellaneous 
Public/Government 

990 Definition Not Available PUB MISC-PUB 
Miscellaneous 
Public/Government 

995 
Other public water and irrigation 
districts 

PUB P-GOV Public Government Building  

996 Reclamation district PUB P-GOV Public Government Building  

999 Other non-taxable property PUB MISC-PUB 
Miscellaneous 
Public/Government 

Key: 
FDA =  

OCC =  
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Public Draft 

 

Table B-1.  Cost Per Square Foot by Construction Class and Quality for Airports 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $374.95 $264.04 $185.85 $130.97 N/A 

B $374.95 $264.04 $185.85 $130.97 N/A 

C $262.14 $156.21 $96.06 $60.87 N/A 

D N/A $145.25 $88.87 $56.15 N/A 

S N/A N/A $88.48 $55.64 N/A 

Notes: 

1. Marshall & Swift, 2nd Quarter, April 2010 

2. Passenger Terminals (571), Section 14 Page 20 

3. Expiration Date: January 2012 

Key: 

N/A = Not available  

 

Table B-2.  Cost Per Square Foot by Construction Class and Quality for Commercial Auto 
Sales 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A $126.42 N/A N/A 

B N/A N/A $126.42 N/A N/A 

C $163.70 $115.81 $83.84 $57.58 N/A 

D $156.92 $109.71 $78.69 $53.50 N/A 

S N/A $110.28 $78.13 $52.50 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Showrooms (303), Section 14 Page 31 
3. Expiration Date: January 2012 

Key: 

N/A = Not available  

 

Table B-3.  Cost Per Square Foot by Construction Class and Quality for Commercial Fast 
Food Restaurants 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A $197.51 $149.52 N/A N/A 

B N/A $1971.51 $149.52 N/A N/A 

C $247.06 $146.35 $113.14 $81.62 N/A 

D $235.44 $135.90 $103.75 $73.38 N/A 

S $192.74 $140.08 $104.62 $72.35 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter 

2. Restaurants – Fast Food (349), Section 13 Page 17 
3. Expiration Date: April 2012 

Key: 

N/A = Not available  
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Table B-4.  Cost Per Square Foot by Construction Class and Quality for Commercial  
Food-Retail 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A $92.51 N/A N/A 

B N/A N/A $92.51 N/A N/A 

C $110.46 $92.51 $74.43 $60.06 N/A 

D $103.59 $86.52 $69.22 $55.54 N/A 

S $107.26 $88.53 $70.05 $55.56 N/A 

Notes:  

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Convenience Stores (419) Section 13, Page 22 
3. Expiration Date: April 2010 

Key: 

N/A = Not available  

 

Table B-5.  Cost Per Square Foot by Construction Class and Quality for Commercial 
Grocery Store 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A $102.57 $89.05 N/A N/A 

B N/A $102.57 $89.05 N/A N/A 

C $105.01 $88.28 $71.94 $60.56 N/A 

D $97.68 $81.96 $66.49 N/A N/A 

S N/A $83.63 $66.75 $55.19 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Supermarkets (446), Section 13 Page 20 

3. Expiration Date: April 2010 

Key: 

N/A = Not available  

 

Table B-6.  Cost Per Square Foot by Construction Class and Quality for Commercial 
Medical 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $247.25 $198.50 $152.55 $116.78 N/A 

B $239.51 $191.71 $146.64 $111.69 N/A 

C $202.23 $153.65 $116.34 $88.69 N/A 

D $183.16 $145.37 $110.05 $83.92 N/A 

S N/A $144.80 $106.08 $81.05 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Medical Office Buildings (341), Section 15 Page 22 
3. Expiration Date: October 2011 

Key: 

N/A = Not available  
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Public Draft 

Table B-7.  Cost Per Square Foot by Construction Class and Quality for Commercial Office 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $228.51 $180.87 $136.48 $108.73 N/A 

B $221.51 $174.24 $130.40 $103.30 N/A 

C $186.51 $130.22 $92.48 $62.31 N/A 

D $175.86 $122.39 $86.73 $58.08 N/A 

S N/A $121.88 $83.87 $56.91 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Office Buildings (344), Section 15 Page 17 

3. Expiration Date: October 2011 

Key: 

N/A = Not available  

 

Table B-8.  Cost Per Square Foot by Construction Class and Quality for Commercial 
Restaurants 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $239.26 $178.97 $134.67 N/A N/A 

B $239.26 $178.97 $134.67 N/A N/A 

C $225.01 $135.70 $105.78 $76.61 N/A 

D $214.61 $126.19 $97.21 $69.04 N/A 

S N/A $129.37 $97.03 $66.98 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Restaurants (350), Section 13 Page 14 
3. Expiration Date: April 2010 

Key: 

N/A = Not available  

 

Table B-9.  Cost Per Square Foot by Construction Class and Quality for Commercial Retail 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $154.30 $115.84 $91.10 $69.27 N/A 

B $148.81 $111.07 $87.00 $65.79 N/A 

C $123.67 $91.29 $69.36 $49.93 N/A 

D $116.59 $85.56 $64.76 $46.25 N/A 

S N/A $87.50 $64.94 $45.49 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April2010 

2. Retail Stores (353), Section 13 Page 26 

3. Expiration Date: April 2010 

Key: 

N/A = Not available  

 

  



2012 Central Valley Flood Protection Plan 

Attachment 8F: Flood Damage Analysis 

Appendix B: Marshall & Swift Valuation Tables 

B-4 January 2012 

 Public Draft 

Table B-10.  Cost Per Square Foot by Construction Class and Quality for Commercial 
Service-Auto 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A $70.38 N/A N/A 

B N/A N/A $70.38 N/A N/A 

C $92.93 $65.37 $47.31 $34.42 N/A 

D N/A $56.85 $41.65 $30.68 N/A 

S N/A $55.47 $40.10 $29.15 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Service (Repair) Garages (528), Section 14 Page 32 
3. Expiration Date: January 2012 

Key: 

N/A = Not available  

 

Table B-11.  Cost Per Square Foot by Construction Class and Quality for Commercial 
Shopping Center 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A N/A N/A N/A 

B N/A N/A N/A N/A N/A 

C $56.95 $43.27 32.91 N/A N/A 

D N/A $38.05 $38.91 N/A N/A 

S N/A $51.68 $40.02 $31.09 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Warehouse Discount Stores (458) Section 13, Page 28 

3. Expiration Date: April 2010 

Key: 

N/A = Not available  

 

Table B-12.  Cost Per Square Foot by Construction Class and Quality for Daycare Facilities 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A $144.98 N/A N/A 

B N/A N/A $144.98 N/A N/A 

C $184.90 $141.61 $108.87 $80.33 N/A 

D $176.28 $133.57 $101.90 $74.35 N/A 

S N/A N/A $104.86 $76.58 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Day Care Centers (426), Section 18 Page 13 
3. Expiration Date: January 2011 

Key: 

N/A = Not available  
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Public Draft 

Table B-13.  Cost Per Square Foot by Construction Class and Quality for Eldercare 
Facilities 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A N/A N/A N/A 

B N/A N/A N/A N/A N/A 

C $122.43 $99.71 $81.78 N/A N/A 

D $114.98 $93.58 $76.73 $61.02 N/A 

S N/A $93.65 $76.85 N/A N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Multiple Residences- Elderly Assisted Living (589), Section 12 Page 20 
3. Expiration Date: July 2010 

Key: 

N/A = Not available  

 

Table B-14.  Cost Per Square Foot by Construction Class and Quality for Fire stations 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A $225.46 $162.32 N/A N/A 

B $225.46 $162.32 N/A N/A N/A 

C $215.64 $148.66 $103.83 $70.28 N/A 

D $205.43 $138.68 $94.93 $62.73 N/A 

S N/A $124.99 $86.47 $57.56 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Fire Stations – Staffed (322), Section 15 Page 29 
3. Expiration Date: October 2011 

Key: 

N/A = Not available  

 

Table B-15.  Cost Per Square Foot by Construction Class and Quality for Full Service Auto 
Dealership 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A $111.81 N/A N/A 

B N/A N/A $111.81 N/A N/A 

C $147.62 $103.44 $74.41 $50.62 N/A 

D $141.00 $97.52 $69.45 $46.54 N/A 

S N/A $98.16 $69.44 $46.27 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Complete Auto Dealerships (455), Section 14 Page 30 
3. Expiration Date: January 2012 

Key: 

N/A = Not available  
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Table B-16.  Cost Per Square Foot by Construction Class and Quality for Furniture Store 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $179.72 $145.17 $112.13 N/A N/A 

B $172.85 $139.47 $107.39 N/A N/A 

C $150.65 $114.50 $91.20 N/A N/A 

D N/A N/A N/A N/A N/A 

S N/A N/A N/A N/A N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Department Stores (318), Section 13 Page 27 

3. Expiration Date: April 2010 

Key: 

N/A = Not available  

 

Table B-17.  Cost Per Square Foot by Construction Class and Quality for Government 
Administrative 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $278.35 $212.99 $156.66 N/A N/A 

B $266.47 $205.09 $151.48 $114.33 N/A 

C $223.87 $160.75 $121.27 $86.31 N/A 

D $214.34 $153.24 $109.01 $79.04 N/A 

S N/A N/A $110.88 $80.67 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Governmental Buildings (327), Section 15 Page 30 
3. Expiration Date: October 2011 

Key: 

N/A = Not available  

 

Table B-18.  Cost Per Square Foot by Construction Class and Quality for Hospitals 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $414.04 $316.78 $242.99 $186.82 N/A 

B $403.17 $309.10 $237.59 $183.05 N/A 

C $316.88 $237.29 $178.22 $132.84 N/A 

D N/A $223.34 $168.46 $127.30 N/A 

S N/A N/A N/A $129.28 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. General Hospitals (331), Section 15 Page 24 

3. Expiration Date: October 2011 

Key: 

N/A = Not available  
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January 2012 B-7 

Public Draft 

Table B-19.  Cost Per Square Foot by Construction Class and Quality for Hotels 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $156.01 $131.13 $113.39 $94.96 N/A 

B $149.34 $125.03 $107.82 $89.86 N/A 

C $133.93 $109.98 $87.16 $72.82 N/A 

D N/A $101.60 $80.05 $66.78 N/A 

S N/A N/A $84.73 N/A N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Hotels: Limited Service (595), Section 11 Page 22 

3. Expiration Date: October 2010 

Key: 

N/A = Not available  

 

Table B-20.  Cost Per Square Foot by Construction Class and Quality for Industrial Heavy 
Manufacture 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $211.22 $169.87 $130.07 $100.99 N/A 

B $201.86 $162.28 $123.92 $96.02 N/A 

C N/A $129.43 $96.72 $69.68 N/A 

D N/A N/A $85.26 $65.59 N/A 

S N/A $123.15 $87.33 $66.72 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Industrials, Heavy (Process) Manufacturing (495), Section 14 Page 15 
3. Expiration Date: January 2012 

Key: 

N/A = Not available  

Table B-21: Cost Per Square Foot by Construction Class and Quality for Industrial Light 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A $68.41 $47.42 N/A 

B N/A N/A $63.93 $44.00 N/A 

C N/A $59.72 $43.03 $31.18 N/A 

D N/A $54.51 $38.78 $27.77 N/A 

S N/A $54.76 $38.64 $27.46 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Industrials, Light Manufacturing (494), Section 14 Page 14 

3. Expiration Date: January 2012 

Key: 

N/A = Not available  
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Table B-22: Cost Per Square Foot by Construction Class and Quality for Industrial 
Warehouse 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A $77.13 $56.66 $44.59 N/A 

B N/A $72.23 $52.56 $41.16 N/A 

C $79.89 $51.67 $36.29 $25.67 N/A 

D N/A $46.16 $32.33 $22.83 N/A 

S $73.68 $46.77 $32.47 $22.74 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Storage Warehouses (406), Section 14 Page 26 
3. Expiration Date: January 2012 

Key: 

N/A = Not available  

 

Table B-23: Cost Per Square Foot by Construction Class and Quality for Jails 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $355.39 $261.64 $194.71 N/A N/A 

B $355.39 $261.64 $194.71 N/A N/A 

C $293.77 $215.86 $160.73 $120.48 N/A 

D $273.51 $203.45 $150.71 N/A N/A 

S N/A N/A $153.87 N/A N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Jails – Correctional Facilities (335), Section 15 Page 33 
3. Expiration Date: October 2011 

Key: 

N/A = Not available  

 

Table B-24: Cost Per Square Foot by Construction Class and Quality for Judicial 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $278.35 $212.99 $156.66 N/A N/A 

B $266.47 $205.09 $151.48 $114.33 N/A 

C $223.87 $160.75 $121.27 $86.31 N/A 

D $214.34 $153.24 $109.01 $79.04 N/A 

S N/A N/A $110.88 $80.67 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Governmental Buildings (327), Section 15 Page 30 

3. Expiration Date: October 2011 

Key: 

N/A = Not available  
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January 2012 B-9 
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Table B-25: Cost per square foot by Construction Class and Quality for Mobile Home 
Single/Double 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A N/A N/A N/A 

B N/A N/A N/A N/A N/A 

C N/A N/A N/A N/A N/A 

D $62.56 $45.85 $36.64 $27.96 N/A 

S N/A N/A N/A N/A N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Manufactured Housing, Section 63 Pages 7-9 
3. Expiration Date: August 2010 

Key: 

N/A = Not available  

 

Table B-26: Cost Per Square Foot by Construction Class and Quality for Multi-Family 
Residential 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A N/A N/A N/A 

B N/A N/A N/A N/A N/A 

C $118.88 $88.29 $56.29 $48.24 N/A 

D $114.49 $84.40 $61.90 $45.34 N/A 

S N/A $83.57 $61.44 N/A N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Multiple Residences (352), Section 12 Page 16 

3. Expiration Date: July 2010 

Key: 

N/A = Not available  

 

Table B-27: Cost Per Square Foot by Construction Class and Quality for Police Station 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $235.25 $177.19 $139.39 $107.45 N/A 

B $235.25 $177.19 $139.39 $107.45 N/A 

C $203.07 $152.57 $114.51 $85.76 N/A 

D $192.93 $144.83 $108.59 N/A N/A 

S N/A N/A N/A N/A N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Jails – Police Stations (489), Section 15 Page 33 
3. Expiration Date: October 2011 

Key: 

N/A = Not available  
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Table B-28: Cost per square foot by Construction Class and Quality for Ports 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $211.22 $123.50 $85.05 $64.33 N/A 

B $201.86 $117.26 $80.14 $60.39 N/A 

C $79.89 $80.27 $58.68 $42.18 N/A 

D N/A $50.34 $52.12 $38.73 N/A 

S $73.68 $74.89 $52.81 $38.97 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Average of Industrial Light, Industrial Heavy, and Industrial Warehouse 

3. Expiration Date: January 2012 

Key: 

N/A = Not available  

 

Table B-29: Cost Per Square Foot by Construction Class and Quality for Public and Private 
Schools 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $252.82 $207.28 $161.99 N/A N/A 

B $239.54 $197.53 $154.90 N/A N/A 

C $193.33 $152.26 $123.02 $98.55 N/A 

D $185.02 $144.46 $115.86 $92.06 N/A 

S N/A $150.24 $119.84 $94.73 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Middle (Junior High) Schools (366) Section 18 Page 10  
3. Expiration Date: January 2011 

Key: 

N/A = Not available  

Table B-30: Cost Per Square Foot by Construction Class and Quality for Public Church 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $309.02 $227.88 $163.71 N/A N/A 

B $294.11 $217.25 $156.14 N/A N/A 

C $221.70 $163.32 $116.44 $82.44 N/A 

D $205.55 $151.51 $107.79 $76.09 N/A 

S N/A $150.21 $108.54 $78.00 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Religious Buildings: Churches – Sanctuaries (Chapels) (309) Section 16 

Page 9 
3. Expiration Date: July 2011 

Key: 

N/A = Not available  
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Public Draft 

Table B-31: Cost Per Square Foot by Construction Class and Quality for Public 
Government Building 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A $278.35 $212.99 $156.66 N/A N/A 

B $266.47 $205.09 $151.48 $114.33 N/A 

C $223.87 $160.75 $121.27 $86.31 N/A 

D $214.34 $153.24 $109.01 $79.04 N/A 

S N/A N/A $110.88 $80.67 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Governmental Buildings (327), Section 15 Page 30 
3. Expiration Date: October 2011 

Key: 

N/A = Not available  

 

Table B-32: Cost Per Square Foot by Construction Class and Quality for Public 
Recreation/Assembly 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A N/A N/A N/A 

B N/A N/A N/A N/A N/A 

C $164.09 $120.08 $85.97 $60.80 N/A 

D $154.62 $111.67 $78.75 $54.74 N/A 

S $147.84 $107.91 $76.85 $53.70 N/A 

Notes: 
1. Marshall & Swift, 2

nd
 Quarter, April 2010 

2. Clubhouses (311), Section 11 Page 30 

3. Expiration Date: October 2010 

Key: 

N/A = Not available  

 

Table B-33: Cost Per Square Foot by Construction Class and Quality for Single Family 
Residential 

Class Excellent Good Average 
Low 
Cost 

Cheap 

A N/A N/A N/A N/A N/A 

B N/A N/A N/A N/A N/A 

C $164.09 $120.08 $85.97 $60.80 N/A 

D $154.62 $111.67 $78.75 $54.74 N/A 

S $147.84 $107.91 $76.85 $53.70 N/A 

Notes: 

1. Marshall & Swift, 2
nd

 Quarter, April 2010 
2. Single-Family Residential (351), Section 12 Page 25 
3. Expiration Date: July 2010 

Key: 

N/A = Not available  
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Public Draft 

Table C-1.  CVFPP HEC-FDA Structure and Damage Functions  

Occupancy 
Type Description St

ru
ct

ur
e 

or
 

C
o

n
te

n
t?

 Water Depth (in Feet) 

-8 -7 -6 -5 -4 -3 -2 -1 -0.5 0 0.5 1 1.5 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

C-RET1 Retail 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 42.7 79.8 94.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-RET2 Retail 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 20.5 38.3 49.6 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-DEAL1 
Full Service Auto 
Dealership 1-story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 5.8 5.8 5.8 41.1 80.3 97.2 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-DEAL2 
Full Service Auto 
Dealership 2-story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 2.8 2.8 2.8 19.7 38.5 50.9 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-FURN1 
Furniture Store 1-
story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 89.5 98.2 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-FURN2 
Furniture Store 2-
story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 42.9 47.1 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-HOS1 Hospital 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 50.0 75.5 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-HOS2 Hospital 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 24.0 36.2 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-AUTO1 Auto Sales 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 48.4 96.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-AUTO2 Auto Sales 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 42.9 46.4 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-
HOTEL1 

Hotel 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 47.4 91.3 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-
HOTEL2 

Hotel 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 22.7 43.8 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-FOOD1 Food-Retail 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.5 57.0 78.3 94.5 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-FOOD2 Food-Retail 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.2 27.3 37.6 49.4 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-
RESTFF1 

Fast Food Rest 1-
story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 45.1 87.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-
RESTFF2 

Fast Food Rest 2-
story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 21.6 42.1 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-GROC1 
Grocery Store 1-
story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 61.0 87.3 94.4 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-GROC2 
Grocery Store 2-
story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 29.3 41.9 49.4 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

  



 

C-2 January 2012 

 Public Draft 

 

Table C-1.  CVFPP HEC-FDA Structure and Damage Functions (contd.) 

 

Water Depth (in Feet) 

-8 -7 -6 -5 -4 -3 -2 -1 -0.5 0 0.5 1 1.5 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

C-MED1 Medical 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 50.0 75.5 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-MED2 Medical 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 24.0 36.2 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-OFF1 Office 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 48.4 96.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-OFF2 Office 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 42.9 46.4 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-SHOP1 
Shopping Center 1-
story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 76.5 95.9 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-SHOP2 
Shopping Center 2-
story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 36.7 46.0 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-REST1 
Restaurants 1-story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 47.4 91.3 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-REST2 Restaurants 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 22.7 43.8 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

C-SERV1 Service-Auto 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 9.9 10 10.0 38.7 73.5 97.4 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

C-SERV2 Service-Auto 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 4.8 4.8 4.8 18.6 35.3 51.0 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

ELDER1* 
Miscellaneous 
Commercial 1 Story 

S 

 C 

 
ELDER2* 

Miscellaneous 
Commercial 2-Story 

S 

 C 

 
I-LT1 

Light industrial  1-
story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.2 45.4 87.6 92.8 96.4 99.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

I-LT2 
Light industrial 2-
story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.2 21.8 42.1 48.6 54.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

I-HV1 
Heavy Manufacture 
1-story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 12.2 32.7 53.8 69.9 77.5 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

I-HV2 
Heavy Manufacture 
2-story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 5.8 15.7 28.2 39.2 43.4 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

I-WH1 Warehouse 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 41.3 84.2 94.4 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

I-WH2 Warehouse 2-story 
S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 0 0 0 0 0 0 0 0 0 0.0 19.8 40.4 49.4 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 100.0 

P-CH1 Church 1-story 
S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 0 0 0 0 0 0 0 0 0 0.0 47.3 73.4 83.9 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8 100.0 100.0 100.0 100.0 
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Table C-1.  CVFPP HEC-FDA Structure and Damage Functions (contd.) 

 

Water Depth (in Feet) 

-8 -7 -6 -5 -4 -3 -2 -1 -0.5 0 0.5 1 1.5 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

P-CH2 Church 2-story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 
0 0 0 0 0 0 0 0 0 0.0 22.7 35.2 43.9 55.3 55.3 55.3 55.3 55.3 55.3 66.1 66.1 66.1 68.5 96.3 100.0 100.0 

100.
0 

P-GOV1 
Government Building 
1-story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 
0 0 0 0 0 0 0 0 0 0.0 48.4 96.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

100.
0 

P-GOV2 
Government Building 
2-story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 
0 0 0 0 0 0 0 0 0 0.0 40.9 45.4 51.2 55.9 55.9 55.9 55.9 55.9 55.9 68.1 68.1 68.1 69.4 100.0 100.0 100.0 

100.
0 

P-REC1 
Recreation/Assembl
y 1-story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 
0 0 0 0 0 0 0 0 0 0.0 50.0 98.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

100.
0 

P-REC2 
Recreation/Assembl
y 2-story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 
0 0 0 0 0 0 0 0 0 0.0 24.0 47.0 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 

100.
0 

P-SCH1 Schools 1-story 

S 0 0 0 0 0 0 0 0 3.5 7.0 14.4 21.7 26.0 30.2 31.2 32.4 32.4 39.8 42.8 51.7 53.1 54.1 61.8 64.8 64.8 65.5 86.1 

C 
0 0 0 0 0 0 0 0 0 0.0 50.0 87.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

100.
0 

P-SCH2 Schools 2-story 

S 0 0 0 0 0 0 0 0 2.5 5.0 10.1 15.3 17.1 18.9 21.5 22.8 22.8 24.1 26.1 40.4 43.3 46.2 46.2 49.1 49.1 55.2 80.1 

C 
0 0 0 0 0 0 0 0 0 0.0 24.0 42.1 52.3 56.0 56.0 56.0 56.0 56.0 56.0 66.9 66.9 66.9 69.3 96.3 100.0 100.0 

100.
0 

SFRB1 
Single Family Res. 
1-story w/ basement 

S 
0 0 0 0 

5.
2 9.0 

13.
8 19.4 22.5 25.5 28.8 32.0 35.4 38.7 45.5 52.2 58.6 64.5 69.8 74.2 77.7 80.1 81.1 81.1 81.1 81.1 81.1 

C 
0 0 0 0 

5.
7 8.0 

10.
5 13.2 14.6 16.0 17.5 18.9 20.4 21.8 24.7 27.4 30.0 32.4 34.5 36.3 37.7 38.6 39.1 39.1 39.1 39.1 39.1 

SFRB2 
Single Family Res. 
2-story w/ basement 

S 
0 0 0 0 

4.
7 7.2 

10.
2 13.9 15.9 17.9 20.1 22.3 24.7 27.0 31.9 36.9 41.9 46.9 51.8 56.4 60.8 64.8 68.4 71.4 73.7 75.4 76.4 

C 
0 0 0 0 

5.
2 6.8 8.4 10.1 11.0 11.9 12.9 13.8 14.8 15.7 17.7 19.8 22.0 24.3 26.7 29.1 31.7 34.4 37.2 40.0 43.0 46.1 49.3 

SFRBS 
Single Family Res. 
Splt-Lvl w/ Basement 

S 
0 0 0 0 

4.
7 7.2 

10.
4 14.2 16.4 18.5 20.9 23.2 25.7 28.2 33.4 38.6 43.8 48.8 53.5 57.8 61.6 64.8 67.2 68.8 69.3 69.3 69.3 

C 
0 0 0 0 

3.
8 5.4 7.3 9.4 10.5 11.6 12.7 13.8 15.0 16.1 18.2 20.2 22.1 23.6 24.9 25.8 26.3 26.3 26.3 26.3 26.3 26.3 26.3 

SFR1 
Single Family 
Residential 1-story  

S 0 0 0 0 0 0 0 2.5 8.0 13.4 18.4 23.3 27.7 32.1 40.1 47.1 53.2 58.6 63.2 67.2 70.5 73.2 75.4 77.2 78.5 79.5 80.2 

C 0 0 0 0 0 0 0 2.4 5.3 8.1 10.7 13.3 15.6 17.9 22.0 25.7 28.8 31.5 33.8 35.7 37.2 38.4 39.2 39.7 40.0 40.0 40.0 

SFR2 
Single Family 
Residential 2-story  

S 0 0 0 0 0 0 0 3.0 6.2 9.3 12.3 15.2 18.1 20.9 26.3 31.4 36.2 40.7 44.9 48.8 52.4 55.7 58.7 61.4 63.8 65.9 67.7 

C 0 0 0 0 0 0 0 1.0 3.0 5.0 6.9 8.7 10.5 12.2 15.5 18.5 21.3 23.9 26.3 28.4 30.3 32.0 33.4 34.7 35.6 36.4 36.9 

SFRS 
Single Family Res. 
Split-Level  

S 0 0 0 0 0 0 0 6.4 6.8 7.2 8.3 9.4 11.2 12.9 17.4 22.8 28.9 35.5 42.3 49.2 56.1 62.6 68.6 73.9 78.4 81.7 83.8 

C 0 0 0 0 0 0 0 2.2 2.6 2.9 3.8 4.7 6.1 7.5 11.1 15.3 20.1 25.2 30.5 35.7 40.9 45.8 50.2 54.1 57.2 59.4 60.5 

MFR1 
Multi-Family 
Residential 1-story 

S 0 0 0 0 0 0 0 2.5 8.0 13.4 18.4 23.3 27.7 32.1 40.1 47.1 53.2 58.6 63.2 67.2 70.5 73.2 75.4 77.2 78.5 79.5 80.2 

C 0 0 0 0 0 0 0 2.4 5.3 8.1 10.7 13.3 15.6 17.9 22.0 25.7 28.8 31.5 33.8 35.7 37.2 38.4 39.2 39.7 40.0 40.0 40.0 

MFR2 
Multi-Family 
Residential 2-story 

S 0 0 0 0 0 0 0 3.0 6.2 9.3 12.3 15.2 18.1 20.9 26.3 31.4 36.2 40.7 44.9 48.8 52.4 55.7 58.7 61.4 63.8 65.9 67.7 

C 0 0 0 0 0 0 0 1.0 3.0 5.0 6.9 8.7 10.5 12.2 15.5 18.5 21.3 23.9 26.3 28.4 30.3 32.0 33.4 34.7 35.6 36.4 36.9 
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Table C-1.  CVFPP HEC-FDA Structure and Damage Functions (contd.) 

 

Water Depth (in Feet) 

-8 -7 -6 -5 -4 -3 -2 -1 -0.5 0 0.5 1 1.5 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

MH  
Mobile Home 
Single/Double 

S 0 0 0 0 0 0 0 6.4 7.3 9.9 43.4 44.7 45.0 45.7 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 

C 0 0 0 0 0 0 0 0 0 0.0 85.0 85.0 90.0 95.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 

MISC-
COM1* 

Miscellaneous 
Commercial 1-Story 

S  

C  

MISC-
COM2* 

Miscellaneous 
Commercial 2-Story 

S  

C  

MISC-
IND1* 

Miscellaneous 
Industrial 1-Story 

S  

C  

MISC-
IND2* 

Miscellaneous 
Industrial 2-Story 

S  

C  

MISC-
PUB1* 

Miscellaneous Public 
1-Story 

S  

C  

MISC-
PUB2* 

Miscellaneous Public 
2-Story 

S  

C  

MISC-
RES1* 

Miscellaneous 
Residential 1-Story 

S  

C  

MISC-
RES2* 

Miscellaneous 
Residential 2-Story 

S  

C  

Note: 

*Structure and content values for miscellaneous categories are calculated based on the distribution of occupancy types and therefore vary between each impact area. 

Key: 

C = Content 

S = Structure 
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Table D-1.  Citrus and Sub-Tropical Fruits 

DWR Land Use 
Class 

DWR Description 
Crops in CVFPP Flood 

Damage Analysis 

C Not Classified Oranges 

C1 Grapefruit Oranges 

C10 Eucalyptus Oranges 

C11 Mixed Subtropical Fruits Oranges 

C2 Lemons Oranges 

C3 Oranges Oranges 

C4 Dates Oranges 

C5 Avocados Oranges 

C6 Olives Oranges 

C7 Misc. Subtropical Oranges 

C8 Kiwis Oranges 

C9 Jojoba Oranges 

C99 Not Classified Oranges 

Note: 

The short term and long term cost per acre for oranges were calculated and applied to all Citrus & 
Sub-Tropical acreages. 

Table D-2.  Deciduous Fruits and Nuts 

DWR Land Use 
Class 

DWR Description 
Crops in CVFPP Flood 

Damage Analysis 

D Not Classified  

D1 Apples Prunes 

D10 Misc. Deciduous Almonds 

D11 N/A  

D12 Almonds Almonds 

D13 Walnuts Walnuts 

D14 Pistachios Walnuts 

D2 Apricots Prunes 

D3 Cherries Prunes 

D4 N/A  

D5 Peaches and Nectarines Peaches 

D6 Pears Pears 

D7 Plums Prunes 

D8 Prunes Prunes 

D9 Figs Prunes 

D99 Not Classified  

Notes: 

1. The short term and long term costs per acre for Almonds, Walnuts, Peaches and Nectarines, Pears, and 
Prunes were calculated. 
2. A representative was chosen for each crop that did not fall into one of the categories listed above. 

3. The short and long-term costs of the representative were applied to the appropriate crop. 

Table D-3.  Field Crops 

DWR Land Use DWR Description Crops in CVFPP Flood 
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Class Damage Analysis 

F Not Classified  

F1 Cotton Cotton 

F10 Beans Beans 

F11 Misc. Field Corn 

F12 Sunflowers Corn 

F13 Hybrid Sorghum/Sudan Corn 

F14 Millet Safflower 

F15 Sugar Cane Corn 

F2 Safflower Safflower 

F3 Flax Millet 

F4 Hops Beans 

F5 Sugar Beets Beans 

F6 Corn Corn 

F7 Sorghum Corn 

F8 Sudan Corn 

F9 Castor Beans Beans 

F99 Not Classified  
Notes: 
1. The short term and long term costs per acre for Cotton, Beans, Safflower, and Corn were 
calculated. 

2. A representative was chosen for each crop that did not fall into one of the categories listed 
above. 
3. The short and long-term costs of the representative were applied to the appropriate crop. 

Table D-4.  Grains and Hay 

DWR Land Use 
Class 

DWR Description 
Crops in CVFPP Flood 

Damage Analysis 

G Misc. Wheat 

G1 Barley Wheat 

G2 Wheat Wheat 

G3 Oats Wheat 

G6 Misc. Mixed Wheat 

G7 Mixed Grain and Hay Wheat 

G99 Not Classified Wheat 

Note: 
1. The short term and long term costs per acre for Wheat were calculated and applied to all 

Grains and Hay acreage. 
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Table D-5.  Idle 

DWR Land Use 
Class DWR Description 

Crops in CVFPP Flood 
Damage Analysis 

I Idle Idle 

I1 Within Past 3 Years Idle 

I2 Being Prepared Idle 

Note: 
The short term and long term costs per acre for Idle were calculated and applied to all Idle 

acreage. 

Table D-6.  Native Vegetation 

DWR Land Use 
Class DWR Description 

Crops in CVFPP Flood 
Damage Analysis 

NV Not Classified Native vegetation 

NV1 Grassland Native vegetation 

NV2 Light Brush Native vegetation 

NV3 Medium Brush Native vegetation 

NV4 Heavy Brush Native vegetation 

NV5 Brush and Timber Native vegetation 

NV6 Forest Native vegetation 

NV7 Oak Grassland Native vegetation 

Note: 
The short term and long term costs per acre for Native Vegetation were calculated and applied to 

all Native Vegetation acreage. 

Table D-7.  Pasture 

DWR Land Use 
Class DWR Description 

Crops in CVFPP Flood 
Damage Analysis 

P Not Classified Pasture 

P1 Alfalfa Pasture 

P2 Clover Pasture 

P3 Mixed Pasture 

P4 Native Pasture 

P5 High Water Native Pasture 

P6 Misc. Grasses Pasture 

P7 Turf Farms Pasture 

P8 Bermuda Grass Pasture 

P9 Rye Grass Pasture 

P10 Klein Grass Pasture 

P99 Not Classified Pasture 

Notes: 
1. The short term and long term cost per acre for Alfalfa and Pasture were calculated individually. 
2. The short term and long term costs per acre for Alfalfa were applied to all Alfalfa acreage. 

3. The short term and long term cost per acre for Pasture were applied to all other acreage in the 
Pasture category. 
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Table D-8.  Rice 

DWR Land Use 
Class 

DWR Description 
Crops in CVFPP Flood 

Damage Analysis 

R Not Classified Rice 

R1 Rice Rice 

R2 Wild Rice Rice 

R99 Not Classified Rice 

Note: 
The short term and long term cost per acre for rice were calculated and applied to all rice 
acreage. 

Table D-9.  Semi-agricultural 

DWR Land Use 
Class 

DWR Description 
Crops in CVFPP Flood 

Damage Analysis 

S Not Classified Semi-agricultural 

S1 
Farmsteads (Includes a farm 

residence) 
Semi-agricultural 

S2 Livestock Feed Lots Semi-agricultural 

S3 Dairies Semi-agricultural 

S4 Poultry Farms Semi-agricultural 

S5 
Farmsteads (without a farm 

residence) 
Semi-agricultural 

S99 Not Classified Semi-agricultural 

Note: 
The short term and long term costs for semi- agricultural were calculated and applied to all semi-

agricultural acreage. 
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Table D-10.  Truck, Nursery, and Berry 

DWR Land Use 
Class 

DWR Description 
Crops in CVFPP Flood 

Damage Analysis 

T Not Classified Melons 

T1 Artichokes Melons 

T10 Onions and Garlic Melons 

T11 Peas Melons 

T12 Potatoes Melons 

T13 Sweet Potatoes Melons 

T14 Spinach Melons 

T15 Tomatoes (Processing) Melons 

T16 
Flowers, Nursery, Christmas 

Tree Farms 
Melons 

T17 Mixed Melons 

T18 Miscellaneous Truck Melons 

T19 Bush Berries Melons 

T2 Asparagus Melons 

T20 Strawberries Melons 

Notes: 

1. The short term and long term cost for melons and tomatoes were calculated individually. 
2. Due to the variation in cost and differences in agricultural practices it was difficult to assign a 
representative crop.  Because of this, Melons were chosen to provide a conservative estimate. 

Table D-10.  Truck, Nursery, and Berry 

CLASS_SUB SUB_NAME Representative Crops 

T21 Peppers (Chili, bell, etc.) Melons 

T22 Broccoli Melons 

T23 Cabbage Melons 

T24 Cauliflower Melons 

T25 Brussels Sprouts Melons 

T26 Tomatoes (Market) x 

T27 Greenhouse Melons 

T3 Beans (Green) Melons 

T4 Cole Crops (Mixture of 22-25) Melons 

T5 N/A Melons 

T6 Carrots Melons 

T7 Celery Melons 

T8 Lettuce (All types) Melons 

T9 
Melons, Squash and 

Cucumbers 
x 

T99 Not Classified Melons 

Notes: 

1. The short term and long term cost for Melons and Tomatoes were calculated individually. 
2. Due to the variation in cost and differences in agricultural practices it was difficult to assign a 
representative crop.  Because of this, Melons were chosen to provide a conservative estimate. 

Table D-11.  Vineyard 
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CLASS_SUB SUB_NAME Representative Crops 

V Not Classified Wine Grapes 

V1 Table Grapes Wine Grapes 

V2 Wine Grapes x 

V3 Raisin Grapes Wine Grapes 

V99 Not Classified Wine Grapes 

Note: 
The short term and long term cost for Wine Grapes were calculated and applied to all vineyard 
acreage. 
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1.0 Introduction 
This section states the purpose of this attachment, gives background 
information (including a description of planning areas, goals, and 
approaches), provides an overview of flood risk and the use of life risk as 
an indicator of flood risk, and provides an overview of the report 
organization. 

1.1 Purpose of this Attachment 

The 2012 Central Valley Flood Protection Plan (CVFPP) measures flood 
risk for the No Project condition and various 2012 CVFPP approaches so 
that quantitative comparisons can be made among the different flood risk 
management approaches, summarized below (Section 2 of the 2012 
CVFPP describes the approaches in more detail). Economic analysis for the 
2012 CVFPP is described in the Attachment 8F: Flood Damage Analysis. 
This attachment describes the 2012 CVFPP Life Risk Calculation (LRC) 
method and results. 

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the CVFPP, for adoption by the Central Valley Flood Protection 
Board (Board).  The 2012 CVFPP provides a systemwide approach to 
protecting lands currently protected from flooding by existing facilities of 
the State Plan of Flood Control (SPFC), and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta). 
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1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010a)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

• Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 

The life risk analysis described in this attachment was conducted entirely 
within the SPFC Planning Area. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals: 
 Improve Operations and Maintenance 

 Promote Ecosystem Functions 

 Improve Institutional Support 

 Promote Multi-Benefit Projects 

The life risk analysis is directly related to the primary goal because 
improving flood risk management will reduce life risk in areas protected by 
levees. 

1.5 2012 CVFPP Planning Approaches 

In addition to No Project, three fundamentally different preliminary 
approaches to flood management were initially compared to explore 
potential improvements in the Central Valley.  These approaches are not 
alternatives; rather, they bracket a range of potential actions and help 
explore trade-offs in costs, benefits, and other factors important in decision 
making.  The preliminary approaches are as follows: 

• Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

• Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 

Comparing these preliminary approaches helped identify the advantages 
and disadvantages of different combinations of management actions, and 
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demonstrated opportunities to address the CVFPP goals to different 
degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 
developed that encompasses aspects of each of the approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

The life risk analysis reported herein includes results for the following: 

• No Project condition 

• Achieve SPFC Design Flow Capacity Approach 

• Protect High Risk Communities Approach 

• Enhanced Flood System Capacity Approach 

• State Systemwide Investment Approach 

 

 
Figure 1-2.  Formulation Process for State Systemwide Investment Approach 
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1.6 Flood Risk Concepts 

Since 1986, flood disasters in California have claimed 137 lives, as shown 
in Table 1-1 (DWR, 2009).  Lives were lost during extreme and not-as-
extreme events because of system capacity exceedence and other reasons. 
A goal of the CVFPP is to reduce this life risk. 

1.7 Definition of Flood Risk 

Flood risk is the likelihood of undesirable consequences due to flood 
inundation within an identified area given a specified climate condition, 
land use condition, and flood management system (existing or planned) in 
place. For convenience, risk often is expressed as the average annual 
consequence. Flood risk is a function of (1) loading, which is the frequency 
and magnitude of flood flows, (2) performance of flood risk reduction 
measures, (3) exposure and vulnerability of people and property in the 
floodplain, and (4) consequence of inundation. 

Flood management actions may reduce risk by changing one or more of the 
factors listed above. The 2012 CVFPP approaches analyzed in this study 
aim to reduce flood risk through changes in loading (increased storage and 
bypass conveyance), performance (levee improvements), and/or 
consequence (floodplain management actions). 

1.8 Life Risk as Indicator of Flood Risk 

The consequence of flood inundation may be measured in terms of direct 
and/or indirect economic cost, loss of life, environmental impact, or other 
specified measure of flood effect. In the analysis described herein, the 
consequence of flood risk is represented in terms of potential loss of life. 

Life risk, as described herein, is the long-term average annual number of 
lives potentially lost in an identified area, considering a given climate and 
land use condition, with a specified plan of flood protection in place. 
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Table 1-1.  California Flood Disasters Since 1986 

Date Disaster 
Number 

Scope 
(number 

of 
counties) 

Number 
of Deaths 

FEMA 
Damage 
Costs 

($ millions)1 

California 
Emergency 

Management 
Agency 
Damage 
Costs 

($ millions)2 

Combined 
Damage 
Costs 

($ millions)3 

Feb 1986 758-DR-CA  13 Not reported $407.50 $715.80 

Jan 1988 FP 87-06  Not 
reported Not reported $49.40 $82.20 

Feb 1992 935-DR-CA 6 5 $123.20 $53.90 $178.40 
Jan 1993 979-DR-CA 25 20 $600 $226 $848.90 
Jan 1995 1044-DR-CA 45 11 $741.40 $221.90 $1,005.20 
Feb 1995 1046-DR-CA 57 17 $1,100 $132 $1,491.40 
Jan 1997 1155-DR-CA 48 84 $1,800 $194.40 $2,350 
Feb 1998 1203-DR-CA 40 17 $550 $385.10 $710.30 
Jun 2003 1498-DR-CA5 2 16 — — — 
Jun 2004 1529-DR-CA 1 0 $57 $27.20 $65.40 
Feb 2005 1577-DR-CA 8 24 $573.10 $291.40 $636.30 
Apr 2005 1585-DR-CA 7 0 $198.70 $76.10 $220.60 
Feb 2006 1628-DR-CA 40 5 $327.80 $129 $352.10 
Jun 2006 1646-DR-CA 16 1 $129.50 $28.90 $139.10 
Total — — 137 $6,200 $2,220 $11,000 
Sources: 
Office of Emergency Services (OES), Origins and Development—A Chronology 1917-1999 and OES After Action Reports 
FEMA: California Disaster History (http://www.fema.gov/news/disasters_state.fema) 
State of California Multi-Hazard Mitigation Plan, October 2007. 
Notes: 
1  Costs not adjusted for inflation to 2009 dollars and only report amount FEMA pays out within a defined time frame (e.g., 24 

months) after declaration is made. 
2  The costs in this column show only certain OES-administered disaster costs, such as individual and household, Public 

Assistance, Fire Management Assistance Grants, and Community Disaster Assistance Act costs, together with certain Small 
Business Act and individual and Household costs. These reflect only a portion of total disaster costs when taking into 
account other government-funded housing, transportation, and economic development costs, plus insurance and business 
interruption costs. Totals are unadjusted for inflation to 2009 dollars. 

3  Costs adjusted to 2009 dollars using the gross Domestic Product Implicit Price Deflator method. 
4  The death toll varies by 1 from previously stated source document. 
5  DR-1498, the 2003 southern California Fires, caused the elimination of vegetation securing soils to the hillsides. In December 

2003, mild flooding caused mudflows and landslides, killing 16 people. The costs of the flood damages were not segregated 
from the fire damages. 

Key: 
FEMA = Federal Emergency Management Agency 
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1.9 Report Organization 

Organization of this document is as follows: 

• Section 1 describes the purpose of this attachment. 

• Section 2 provides a summary of results and findings for the life risk 
analysis. 

• Section 3 describes the methodology used in this analysis. 

• Section 4 provides complete results for the life risk analysis. 

• Section 5 contains references for the sources cited in this document. 

• Section 6 lists abbreviations and acronyms used in this document. 
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2.0 Results Summary and Findings 
This section summarizes the life risk values and findings for all approaches 
by basin. 

2.1 Life Risk Values for 2012 CVFPP Approaches 

Table 2-1 summarizes the estimated life risk values for the Sacramento and 
San Joaquin river basins, for the No Project condition and 2012 CVFPP 
approaches. These values are the expected annual statistics computed by 
the U.S. Army Corps of Engineers (USACE) Hydrologic Engineering 
Center Flood Damage Analysis (HEC-FDA). The total life risk value for 
each basin is the sum of the life risk values for that basin’s constituent 
impact areas presented in Section 4.1. 

Table 2-1.  Summary of Life Risk Values: Sacramento and San 
Joaquin River Basins and Stockton Area 

CVFPP Approaches Sacramento 
River Basin 

San 
Joaquin 

River Basin 

Stockton  
Area Total 

No Project Condition 58.6 4.1 1.4 64.1 
Achieve SPFC Design Capacity 56.0 4.0 0.2 60.2 
Protect High Risk Communities 31.6 3.9 0.2 35.7 
Enhance Flood System Capacity 23.2 2.0 0.2 25.4 
State Systemwide Investment  28.1 3.9 0.2 32.2 
Key: 
CVFPP = Central Valley Flood Protection Plan 
SPFC = State Plan of Flood Control 

2.2 Findings 

Figure 2-1 displays the percent reductions in life risk results for the 
Sacramento and San Joaquin river basins and Stockton area, and all 
approaches studied, compared to the No Project condition. All of the 
approaches reduce life risk compared to the No Project condition, with the 
greatest reduction attributable to Enhance Flood System Capacity 
Approach. 

The life risk values are conditional: they represent consequences for a 
given area with a specified set of hydrologic and hydraulic conditions for 
the system, with best representation of performance of system levees and 
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other features, and with stated assumptions regarding public warning and 
response. As such, the results are informative indices of life risk, and the 
values shown herein provide a reliable metric for comparing the life risk 
reduction attributable to the proposed 2012 CVFPP approaches. 

These life risk results differ from the recorded flood deaths shown in 
Table 1-1. This is because the LRC results shown above are planning 
estimates to be used as indices comparing the relative performances of the 
proposed 2012 CVFPP approaches in reducing flood life risk, to inform the 
decision making process. However, LRC results are not forecasts of deaths 
expected to occur from flood events to be used for emergency planning or 
other purposes; that would require much more detailed analyses and 
supporting data than used in the LRC. 

 
Figure 2-1.  CVFPP Approach Life Risk Value Percent Reductions Compared to 
No Project Condition for Sacramento and San Joaquin River Basins and 
Stockton Area 

 

0
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3.0 Life Risk Analysis Method 
This section presents an overview of the methods used to calculate life risk, 
the requirements for this analysis, a summary of existing life risk methods, 
the need for and description of the 2012 CVFPP LRC Method, the HEC-
FDA model inputs used for this analysis, and a description of the limitation 
and benefits of this method. 

3.1 Overview of 2012 CVFPP Life Risk 
Calculation Method 

To inform decision making for formulation and evaluation of management 
options, a systematic, repeatable, rigorous method for quantifying life 
risk — considering the response of those in harm’s way — is required. 
With that method, consequences of flooding in the absence of flood 
management actions and with various approaches can be estimated and 
compared. 

Accordingly, the LRC Method described herein was developed and 
applied. This LRC Method incorporates commonly used procedures for 
assessing life risk, as influenced by flood hazard, system performance, and 
vulnerability and exposure of people. The LRC Method is tied closely to 
the economic risk calculations described in Attachment 8F: Flood Damage 
Analysis, using a common numerical description of flood hazard and levee 
system performance. Exposure of people is tied to exposure of property. 
With this analysis strategy, computations for both economic and life risk 
were accomplished with the USACE HEC-FDA software application. 

As stated previously, the resulting life risk values are conditional: they 
represent consequences for a given area with a specified set of hydrologic 
and hydraulic conditions of the system, with best representation of 
performance of system levees and other features, and with stated 
assumptions regarding public warning and response. As such, the results 
are informative indices of life risk, and the values shown herein provide a 
reliable metric for comparing the life-risk reduction attributable to the 
proposed 2012 CVFPP approaches. 
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3.2 Requirements of 2012 CVFPP Life Risk 
Analysis 

The 2012 CVFPP required a systematic, repeatable, and rigorous life risk 
analysis that does the following: 

• Estimates potential life loss as a statistic that can be used as a benefit 
measure for comparing approaches 

• Shows life loss reduction attributable to the proposed approaches due to 
the following: 

 Reduced flood depth 

 Reduced flood frequency 

 Reduced exposure of people to flooding 

• Uses readily available data 

3.3 Existing Methods for Calculating Life Risk 

This subsection provides an overview of the existing methods used to 
calculate life risk. 

3.3.1 Software Currently Available for Calculating Life 
Risk 

Two nationally recognized software programs for calculating life risk were 
initially considered: LIFESim (Aboelata and Bowles, 2005) and the 
USACE HEC Flood Impact Analysis (HEC-FIA) program (USACE, 2004). 
LIFESim’s development was sponsored by USACE and the Australian 
National Committee on Large Dams (Aboelata and Bowles, undated). The 
USACE HEC developed HEC-FIA. 

LIFESim is a modular, spatially distributed, dynamic simulation system for 
estimating potential loss of life from natural and dam and levee failure 
flood events. LIFESim considers detailed flood dynamics, evacuation, loss 
of shelter, and historically based life loss. 

HEC-FIA is a stand-alone software application that provides techniques for 
calculating post-flood or forecasted-flood impacts for a user-specified 
event. In addition to estimating urban and agricultural damage, HEC-FIA 
also estimates loss of life using methods similar to LIFESim (and, in fact, 
includes a simplified version of LIFESim). 
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Both of these software programs have intensive data requirements, and 
both are intended for analyses of single events. Each can be run for 
multiple events, and a value of expected annual fatalities can thus be 
computed, but time limitations of the 2012 CVFPP precluded such 
analyses. 

3.3.2 Jonkman Method of Life Risk Estimation 
S. N. Jonkman et al. (2009) devised a method to estimate potential loss of 
life from floods based on research into many factors that affect flood 
mortality. To compute life risk, Jonkman et al. followed these steps: 

1. Analyze historical flood characteristics such as water depth, rise rate, 
and flow velocity. 

2. Estimate the number of people exposed to the historical flooding, 
taking into account the effects of warning, evacuation, and shelter. 

3. Assess mortality among those exposed to the flood. 

Mortality was defined as the number of fatalities divided by the number of 
people exposed to flooding in a given area. Jonkman divided the inundation 
area into two zones: the breach zone, in which flood velocities and depths 
are considered, and the remaining zone, in which only depth is considered. 

The mortality fraction, FD, for the breach zone was calculated to be 0.053, 
indicating that approximately 5 percent of those in the breach zone will die. 
The mortality fraction for the remaining zone is given by Equation 1. 
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between flood depth and mortality fraction evident from the figure and 
similar conditions in the SPFC Planning Area (i.e., significant dependence 
on levees for protection of floodplains) suggested that the remaining zone 
Equation 1 was applicable to the 2012 CVFPP life risk analysis. Although 
all of the CVFPP impact areas would likely contain levee breach zones, 
these zones of high flood velocities and depths would only apply to areas 
immediately adjacent to a levee breach, and not an entire impact area. An 
impact area is a unique, contiguous floodplain located along a stream or 
waterway.  The SPFC Planning Area is separated into different impact 
areas. 

 
Source: Jonkman, 2009 
Figure 3-1.  Relationship Between Water Depth and Mortality for 
Orleans and St. Bernard “Bowls” 

3.4 Need for New Method to Satisfy 2012 CVFPP 
Requirements for Life Risk Analysis 

None of the available methods, described above, satisfied all the 
requirements for the 2012 CVFPP life risk analysis, as shown in Table 3-1. 

LIFESim and HEC-FIA could not be used to develop the life risk analysis 
in the relatively short time available for this life risk study. LIFESim 
requires DEM information, time series of depth grids, road network 
information, and vehicle databases; HEC-FIA requires digital elevation 
model (DEM) information and arrival time grids or hydrographs. This 
information was not readily available within the time frame of this study. 
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Table 3-1.  Ability of Existing Methods to Meet 2012 CVFPP Life Risk 
Analysis Requirements 

2012 CVFPP Life Risk Analysis 
Requirement 

Available Method 
LIFESim HEC-FIA Jonkman 

Assess plan performance    

Develop and apply on schedule X X  

Use available information on loading, 
performance, exposure, consequences X X  

Make consistent with CVFPP economic 
analysis X X X 

Source: David Ford Consulting Engineers, Inc., 2011 
Key: 
X = Cannot meet CVFPP life risk analysis requirements 
 = Can meet CVFPP life risk analysis requirements 
CVFPP = Central Valley Flood Protection Plan 
HEC-FIA = Hydrologic Engineering Center’s Flood Impact Analysis software 
LIFESim = Loss of life simulation analysis software 

In addition, the two programs are intended for analysis of single events. 
While each can be run for multiple events, and a value of expected annual 
fatalities can thus be computed, the time required to complete those 
analyses would be excessive for the purposes of this study. 

Another well-known computer program, the Federal Emergency 
Management Agency’s (FEMA) Hazards U.S. Multi-Hazard (HAZUS-
MH) software (FEMA, 2011), was not considered because it does not 
estimate casualties from flood events. (It does estimate casualties from 
earthquakes and hurricanes.) 

Accordingly, a new procedure that incorporates features of the existing 
methods was developed and used for the 2012 CVFPP life risk analysis. 

3.5 2012 CVFPP Life Risk Calculation Method 

Life risk values were calculated for the No Project condition and 2012 
CVFPP approaches for each of the 110 impact areas described in 
Attachment 8F: Flood Damage Analysis and illustrated in Figures 3-2 and 
3-3. The method uses the USACE HEC-FDA software application 
(USACE, 2008) with nonmonetary consequence inputs. 
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Figure 3-2.  Sacramento River Basin Impact Areas 
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Figure 3-3.  San Joaquin River Basin and Stockton Area Impact Areas 
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3.5.1 Summary of 2012 Life Risk Calculation Method 
The 2012 LRC Method life risk analysis follows the same steps as for an 
economic analysis, except that the result is expected annual life risk values 
instead of expected annual damages. For the No Project condition and 2012 
CVFPP approaches, HEC-FDA was used to complete the following 
actions: 

1. Considering the historical record, synthesize a long series of annual 
maximum hydrologic and hydraulic states in a channel, inferring with 
standard methods the statistical properties of this loading. 

2. Considering the behavior of the physical system and performance of the 
engineered flood management system, transform the series of hydraulic 
loadings of a channel to a series of depths of inundation in the impact 
area. 

3. Transform the series of impact area loading to a series of impact area 
consequences, computing the annual inundation fatalities per structure, 
and then summing fatalities for all structures in the impact area. 

4. Average the consequence to compute expected annual life risk. 

HEC-FDA has the capability to incorporate uncertainty into the LRC 
computation using Monte Carlo simulation. This uncertainty can be 
described for the HEC-FDA hydraulic, geotechnical, and economic inputs.  
For the LRC Method, uncertainties were retained for the hydraulic and 
geotechnical inputs, but they were not described for the persons-per-
structure relationships that replaced the structure economic values because 
the analysis focused on the relative differences among the No Project 
condition and 2012 CVFPP approaches, as shown in Figure 2-1, rather than 
on absolute differences. 

3.5.2 2012 CVFPP Life Risk Calculation Method 
Procedure 

The procedure in the 2012 CVFPP LRC Method consisted of the following 
steps: 

1. For each impact area, a persons-per-structure relationship for four 
residential occupancy types (single family, multiple family, mobile 
home, and miscellaneous) was estimated. These estimates represented 
the “persons exposed” (in residential structures) before flood 
occurrence. 
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2. The persons-per-structure relationships determined in Step 1 were 
adjusted using a warning system efficiency factor to account for 
evacuations resulting from existing warning systems. 

3. The 2012 CVFPP structure inventories were obtained for all impact 
areas, and residential structure economic values were replaced with 
adjusted persons-per-structure relationships from Step 2 to assign 
persons to each residential structure. 

4. The revised structure inventories were imported into the 2012 CVFPP 
HEC-FDA models for each impact area. All other CVFPP HEC-FDA 
model inputs, including hydraulics (channel stage-frequency and 
floodplain depths) and geotechnical, were retained. 

5. To compute life risk based on estimated depths at the structures, a water 
depth-percent mortality function was entered into HEC-FDA in place of 
the common depth-percent damage functions. HEC-FDA used these 
functions similarly to the depth-percent damage functions typically 
used for expected annual damage computation. 

6. HEC-FDA computed expected annual life risk values for the No Project 
condition and the 2012 CVFPP approaches. 

3.6 HEC-FDA Model Inputs and Functions for 
2012 CVFPP Life Risk Calculation 

The inputs and functions required for the LRC Method are as follows: 

• Persons-per-structure function 

• Warning system efficiency factor 

• Structure inventories 

• Water depth-percent mortality function 

3.6.1 Persons-per-Structure Function 
Life risk was computed for each residential structure in each impact area, 
and then aggregated. For such computation, a particular number of persons 
needed to be assigned to each structure. 

To estimate number of persons for each structure in each impact area, a 
persons-per-structure function was developed. (The resulting values were 
then reduced with a warning system efficiency factor to account for 
effective flood response by a proportion of the persons in each structure.) 
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Data Source for Persons-per-Structure Relationship 
Census tract information from the 2000 U.S. Census database was used to 
determine the unadjusted persons-per-structure relationship, consistent with 
other CVFPP analyses (U.S. Census Bureau, 2001). (The 2010 Census data 
were not yet complete at the time of the analysis.) 

Geographic information system (GIS) tools were used to identify relevant 
census tracts for the analysis, starting with a TIGER/Line® shape file for 
each census tract, available on the U.S. Census Bureau’s Web site. By 
intersecting (overlaying) the shape file with a GIS delineation of the impact 
areas, the census tracts that intersected each of the 110 impact areas were 
identified. Using this information, the number of people and number of 
structures for each census tract that intersected an impact area were 
obtained. Figure 3-4 shows an example analysis in which an impact area 
has been overlaid on census blocks; some census blocks are entirely within 
the impact area, whereas for others, only a portion lies within the impact 
area. 

 
Figure 3-4.  Example of Census Tracts Intersecting an Impact Area 
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Development of Persons-per-Structure Relationship 
A persons-per-structure relationship for each of the 104 impact areas was 
developed for four residential occupancy types: 

• SFR – single-family residence 

• MFR – multiple-family residence 

• MH – mobile home 

• MISC-RES – miscellaneous residence 

• The persons-per-structure relationship is a function of the estimated 
persons-per-housing unit for each occupancy type and the estimated 
number of housing units of each occupancy type. 

Persons-per-Housing Unit   To calculate persons-per-housing unit, the 
total number of housing units was determined by occupancy type using 
Table 32 of the 2000 Census database (U.S. Census Bureau, 2001), 
“Tenure (owner and renter) by Occupied Units in Structure,” as follows: 

• For SFR, the total number of housing units was determined using 
owner-occupied and renter-occupied, attached and detached, single-
housing units for each census tract that intersected an impact area. 

• For MFR, the total number of housing units was determined using 
owner-occupied and renter-occupied multihousing units, for all groups 
of multiple units (e.g., 2, 3, or 4; 5 to 9) for each census tract that 
intersected an impact area. 

• For MH, the total number of housing units was determined using 
owner-occupied and renter-occupied mobile home units for each census 
tract that intersected an impact area. 

The total population was calculated by occupancy type using Table 33 from 
the 2000 Census database (U.S. Census Bureau, 2001), “Total population 
in occupied housing units by tenure (owner and renter) by units in 
structure,” as follows: 

• For SFR, both the owner-occupied and renter-occupied attached and 
detached single-housing residents for each census tract that intersected 
an impact area were totaled. 
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• For MFR, both the owner-occupied and renter-occupied multihousing 
residents for each census tract that intersected an impact area were 
totaled. 

• For MH, both the owner-occupied and renter-occupied mobile home 
residents for each census tract that intersected an impact area were 
totaled. 

To calculate persons-per-housing unit for each impact area, the total 
population for each residential occupancy type was divided by the total 
number of housing units for that residential occupancy type to obtain 
persons-per-housing unit. 

Persons-per-Structure 
To obtain persons-per-structure, the persons-per-housing unit estimates 
were multiplied by the number of units for that occupancy type: 1 for SFR 
and MH, and the median number of units for MFR. For MISC-RES, the 
total population was divided by the total number of housing units for both 
residential occupancy types (SFR and MFR). Persons-per-structure results 
are shown in Tables 3-2 and 3-3. Results in these tables have not been 
adjusted to account for residents who will respond to a flood warning and 
evacuate. 

3.6.2 Flood Warning Efficiency Factor 
For the LRC Method, a flood warning efficiency factor is applied to reduce 
the population exposed because of people’s response to flood warning. For 
this life risk study, Equation 2 of the Enhanced Flood Response and 
Emergency Preparedness Initial Project Feasibility Study from the 
Sacramento and San Joaquin River Basins Comprehensive Study 
(Comprehensive Study) (USACE, 2003) was used. The Comprehensive 
Study’s use of Equation 2 to predict flood warning efficiency in the Central 
Valley suggested that it was applicable for this life risk study, as well. 
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Table 3-2.  Unadjusted Persons-per-Structure Relationships for 
Sacramento River Basin Impact Areas 
Impact Area SFR MFR MH MISC-RES 

SAC01 2.82 9.39 2.57 2.79 
SAC02 2.84 10.53 2.67 2.85 
SAC03 3.41 11.33 3.38 3.39 
SAC04 3.08 11.67 3.04 3.09 
SAC05 2.95 8.73 2.68 2.92 
SAC06 2.70 1.75 2.98 2.70 
SAC07 2.99 8.63 2.85 2.94 
SAC08 2.88 0.00 2.36 2.87 
SAC09 3.09 18.94 3.09 3.04 
SAC10 3.13 11.96 3.20 3.17 
SAC11 3.11 10.75 3.18 3.11 
SAC12 2.97 20.35 3.07 2.96 
SAC13 2.97 20.35 3.07 2.96 
SAC14 2.83 9.74 3.16 2.83 
SAC15 2.86 7.60 3.27 2.82 
SAC16 3.08 14.44 3.12 2.65 
SAC17 2.82 14.44 3.12 2.65 
SAC18 3.11 9.08 2.45 3.07 
SAC20 3.01 0.65 2.26 2.94 
SAC21 3.10 8.60 2.21 3.05 
SAC22 3.39 10.71 1.90 3.36 
SAC23 2.91 7.79 2.25 2.77 
SAC24 3.07 9.59 2.60 3.05 
SAC25 2.99 16.54 2.38 2.84 
SAC26 2.96 18.11 2.29 2.85 
SAC27 3.12 9.39 2.54 3.03 
SAC28 3.18 11.33 2.96 3.19 
SAC29 2.97 5.79 2.61 2.96 
SAC30 2.98 13.53 2.54 3.01 
SAC32 3.01 9.72 2.86 2.98 
SAC33 2.70 15.05 2.85 2.85 
SAC34 2.97 20.35 3.07 2.96 
SAC35 2.97 21.09 2.58 2.97 
  



2012 Central Valley Flood Protection Plan 
Attachment 8G: Life Risk Analysis 

3-14 January 2012 
 Public Draft 

Table 3-2.  Unadjusted Persons-per-Structure Relationships for 
Sacramento River Basin Impact Areas (contd.) 
Impact Area SFR MFR MH MISC-RES 

SAC36 2.98 15.60 2.29 2.69 
SAC37 3.31 22.42 2.76 3.29 
SAC38 2.86 29.87 1.94 2.54 
SAC39 2.54 15.70 1.96 2.46 
SAC40 2.83 14.67 2.06 2.60 
SAC 41 2.82 15.06 2.47 2.67 
SAC42 2.65 15.12 2.33 2.59 
SAC43 2.89 20.84 2.47 2.90 
SAC44 3.27 36.30 2.55 3.17 
SAC45 2.89 20.84 2.47 2.90 
SAC46 2.81 10.45 2.68 2.82 
SAC47 2.81 10.45 2.68 2.82 
SAC48 2.85 10.55 2.78 2.87 
SAC49 2.71 17.80 2.29 2.68 
SAC50 2.64 17.25 2.12 2.61 
SAC51 2.70 10.35 2.68 2.73 
SAC52 2.70 10.35 2.68 2.73 
SAC53 2.48 14.43 2.20 2.39 
SAC54 2.69 9.40 2.18 2.69 
SAC55 2.65 17.48 2.27 2.63 
SAC56 2.61 16.29 1.98 2.57 
SAC57 2.53 8.04 2.00 2.49 
SAC58 2.53 8.04 2.00 2.49 
SAC59 2.53 8.04 2.00 2.49 
SAC60 2.72 16.91 2.66 2.69 
SAC61 2.72 16.91 2.66 2.69 
SAC62 2.61 16.29 1.98 2.57 
SAC63 2.83 14.67 2.06 2.60 
Source: David Ford Consulting Engineers, Inc., 2011 
Key: 
MFR = multiple-family residential unit 
MH = mobile home unit 
MISC-RES = miscellaneous residential unit 
SAC = Sacramento River basin impact area 
SFR = single-family residential unit 
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Table 3-3.  Unadjusted Persons-per-Structure Relationships for San 
Joaquin River Basin Impact Areas 
Impact Area SFR MFR MH MISC-RES 

SJ01 2.97 15.24 2.88 2.86 
SJ02 3.28 24.05 3.43 3.29 
SJ03 3.25 21.71 3.60 3.24 
SJ04 3.20 19.94 2.80 3.17 
SJ05 3.33 16.47 3.54 3.37 
SJ06 3.43 25.35 3.78 3.45 
SJ07 3.41 25.39 3.79 3.43 
SJ08 4.00 25.25 3.66 3.93 
SJ09 3.39 21.67 2.93 3.36 
SJ10 3.41 21.77 3.10 3.39 
SJ11 3.19 11.09 3.12 3.19 
SJ12 3.35 15.90 3.24 3.40 
SJ13 3.36 15.90 3.26 3.39 
SJ14 3.36 0.00 3.31 3.36 
SJ15 3.23 20.03 2.76 3.20 
SJ16 3.18 9.28 2.73 3.15 
SJ17 3.12 9.15 2.78 3.08 
SJ18 3.26 9.61 2.67 3.25 
SJ19 3.15 9.62 2.60 3.13 
SJ20 3.47 19.76 2.90 3.44 
SJ21 3.24 11.34 2.77 3.24 
SJ22 3.19 10.12 2.70 3.17 
SJ23 3.28 12.17 3.17 3.28 
SJ24 3.56 7.11 2.92 3.56 
SJ25 3.44 9.21 2.55 3.33 
SJ26 3.11 11.87 3.15 3.12 
SJ27 3.12 9.45 2.54 3.03 
SJ28 3.08 15.32 2.90 3.02 
SJ29 2.94 5.75 2.78 2.94 
SJ30 3.29 6.62 3.05 3.29 
SJ31 2.81 5.75 2.78 2.81 
SJ32 3.26 8.05 2.83 3.19 
SJ33 3.07 46.25 3.46 3.08 
SJ34 3.49 7.35 4.00 3.50 
SJ35 3.75 14.05 2.52 3.77 
SJ36 3.75 14.05 2.52 3.77 
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Table 3-3.  Unadjusted Persons-per-Structure Relationships for San 
Joaquin River Basin Impact Areas (contd.) 
Impact Area SFR MFR MH MISC-RES 

SJ37 3.24 16.03 2.94 3.39 
SJ38 3.35 6.17 2.30 3.34 
SJ39 3.35 6.17 2.30 3.34 
SJ40 3.23 6.04 2.34 3.22 
SJ41 3.29 6.62 3.05 3.29 
SJ42 3.22 6.23 3.00 3.16 
SJ43 3.56 6.43 3.48 3.54 
Source: David Ford Consulting Engineers, Inc., 2011 
Key: 
MFR = multiple-family residential unit 
MH = mobile home unit 
MISC-RES = miscellaneous residential unit 
SFR = single-family residential unit 
SJ = San Joaquin River basin impact area 

Table 3-4.  Unadjusted Persons-per-Structure Relationships for 
Stockton Area (STK) Impact Areas 
Impact Area SFR MFR MH MISC-RES 

STK 01 3.35 6.17 2.30 3.34 
STK 06 3.21 11.64 2.35 3.21 
STK 07 2.85 34.51 2.08 2.71 
STK 08 3.31 10.06 2.11 3.23 
STK 09 3.10 11.85 2.32 3.13 
STK 10 3.23 19.11 2.60 3.12 
Source: David Ford Consulting Engineers, Inc., 2011 
Key: 
MFR = Multi-family residential unit 
MH = Mobile home unit 
MISC-RES = Miscellaneous residential unit 
SFR = Single-family residential unit 
STK = Stockton region impact area 

In the life risk study described herein, the result of Equation 2, the flood 
warning efficiency factor (eff), was used to adjust the persons-per-structure 
relationship to account for a reduction in exposure attributable to the 
State/federal/local warning system. In this study, variables in the equation 
were assigned values as follows: 

• Frw: Equations developed by Sorensen and Mileti (1988), shown in 
Table 3-5, were used to determine Frw. 

• Fw: The Comprehensive Study value of 1.00, derived from an expert 
elicitation, was used. 
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• Fc: Comprehensive Study value of 0.70, derived from an expert 
elicitation, was used. 

These variables are described in greater detail below. 

Value of Fraction of Public That Receives Warning (Frw) 
To assign a value to Frw, Sorensen and Mileti (1988) assessed the 
importance of two factors: the fraction of people at risk who could possibly 
be warned in a given time, and the fraction of people who will evacuate 
when ordered or advised to do so. In a comparative analysis of two dozen 
studies on public evacuation, the authors concluded that the number of 
people who will receive a warning increases as the available warning time 
increases. Sorensen and Mileti developed the equations in Table 3-5 to 
predict the fraction of public warned. The equations in Table 3-5 were used 
in the 2012 CVFPP life risk analysis. 

Table 3-5.  Fraction of Public Warned Given Available Warning Time 

Available Warning Time 
Equation, 

where X = available warning time 
(hours) 

Available warning time < 0.8 hours 
(50 minutes) Percent warned = 81.83(X)3.488 

0.8 hours ≤ available warning time < 3 
hours Percent warned = 59.58(X)0.4753 

3 hours ≤ available warning time < 7 
hours Percent warned = 66.63(X)0.2089 

Available warning time ≥ 7 hours Percent warned = 100 
Source: Sorensen and Mileti, 1988 

Sorensen and Mileti suggested that the evacuation rate (the fraction of 
people who leave the hazardous area) ranges from 0.32 to 0.98. Evacuation 
rates under conditions of perceived high risk ranged from 0.4 to 1.00. 

The Comprehensive Study impact areas are nearly identical to the impact 
areas for the 2012 CVFPP. Therefore, the without-project warning times 
provided in the Comprehensive Study were used in the Sorensen and Mileti 
equations in this life risk analysis. (Note that the Comprehensive Study 
used the term “mitigation time” for the period of time that this life risk 
study refers to as “warning time.”) Attachment A provides information on 
how the Comprehensive Study warning times were determined. 

In this life risk study, the differences in the impact areas were accounted 
for as follows: (1) the Comprehensive Study did not include Impact Area 
SAC63, so the Comprehensive Study Impact Area SAC40 was divided into 
two impact areas (SAC40 and SAC63) for this study, (2) the 
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Comprehensive Study did not include a warning time for Impact Area 
SJ40, so the warning time for the surrounding areas was used for SJ40, and 
(3) the Comprehensive Study did not include a warning time for Impact 
Area SJ43, so the warning time for SJ26, located just downstream from 
SJ43, was used here. 

A final change involved Impact Area SAC36, Natomas. Although this 
impact area is located along the left bank of the Sacramento River (just 
upstream of Sacramento), the warning time developed for the 
Comprehensive Study (0 hours) is primarily influenced by the local streams 
along the northern and eastern boundaries, and the American River to the 
south. However, for purposes of the SAC36 HEC-FDA model, flooding is 
assumed to occur from the Sacramento River. Thus, a warning time was 
used from an impact area directly across the Sacramento River from 
SAC36: SAC35 (Elkhorn). This time is 21 hours, which reflects the 
downstream location of SAC35 and SAC36 along the Sacramento River. 

Comprehensive Study Sacramento River basin warning times are listed in 
Table 3-6, and Comprehensive Study San Joaquin River basin warning 
times are listed in Table 3-7. Appendix A provides information on how the 
Comprehensive Study warning times were determined. 

Comprehensive Study warning times were not developed for the Stockton 
region. Thus, warning times for Stockton region impact areas were 
assigned based upon warning times in other San Joaquin and Sacramento 
impact areas with similar flood sources, as simulated within the HEC-FDA 
models.  For example, STK 01 (Lower Roberts Island) floods from the San 
Joaquin River, thus a mitigation time from nearby impact areas along the 
San Joaquin River was used: 36 hours. For all of the other Stockton impact 
areas, flooding occurs from local streams with potentially much shorter 
warning times, thus a warning time from SAC 40 and SAC 63 along the 
American River was used: 0 hours. Stockton region mitigation times are 
shown in Table 3-8. 

Value of Fraction of Public That Is Willing to Respond to Warning (Fw) 
Comprehensive Study experts suggested that Fw is close to 1.00. The 
experts argued that, in the Central Valley, a floodplain occupant who 
receives a credible warning is willing to take some kind of action. For 
purposes of the 2012 CVFPP, ongoing flood awareness activities by State 
and local governments throughout the Central Valley justify the value of 
1.00 for Fw. For example, the DWR Flood Risk Notification Program, 
which is part of the DWR FloodSAFE California initiative, is overseeing 
several activities to increase flood awareness in the Central Valley. 
Whether or not the actions taken are effective at reducing consequence is 
taken into account in Fc. 
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Value of Fraction of Public That Knows How to Respond Effectively 
and Is Capable of Responding (with or without assistance) (Fc) 
Comprehensive Study experts suggested that Fc ranges from 0.50 to 1.00, 
with an average of 0.70. This value falls within the range from Sorensen 
and Mileti (0.32 to 0.98). 

3.6.3 Adjusted Persons-per-Structure Values 
The unadjusted persons-per-structure values provided in Tables 3-2 and 3-3 
were adjusted to account for the fraction of floodplain occupants who will 
respond effectively and evacuate. The adjustment was made for each 
impact area and applied to the four residential occupancy types using 
Equation 3. 

 

 

 

-
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Table 3-6.  Comprehensive Study No Project Condition Warning (Mitigation) 
Times for Sacramento River Basin Impact Areas 

Impact 
Area Description 

Warning 
Time 
(hour) 

Impact 
Area Description 

Warning 
Time 
(hour) 

SAC01 Woodson Bridge East 0 SAC34 RD 1500 East 4 
SAC02 Woodson Bridge West 6 SAC35 Elkhorn 21 
SAC03 Hamilton City 0 SAC36 Natomas 211 
SAC04 Capay 0 SAC37 Rio Linda 0 
SAC05 Butte Basin 3 SAC38 West Sacramento 0 
SAC06 Butte City 3 SAC39 RD 900 24 
SAC07 Colusa Basin North 7 SAC40 Sacramento North 0 
SAC08 Colusa 13 SAC41 RD 302 24 
SAC09 Colusa Basin South 19 SAC42 RD 999 24 
SAC10 Grimes 16 SAC43 Clarksburg 24 
SAC11 RD 1500 West 4 SAC44 Stone Lake 24 
SAC12 Sycamore Slough 21 SAC45 Hood 24 
SAC13 Knight's Landing 21 SAC46 Merritt Island 24 
SAC14 Ridge Cut (North) 21 SAC47 RD 551 24 
SAC15 Ridge Cut (South) 21 SAC48 Courtland 24 
SAC16 RD 2035 21 SAC49 Sutter Island 27 
SAC17 East of Davis 21 SAC50 Grand Island 27 
SAC18 Upper Honcut 0 SAC51 Locke 27 
SAC20 Gridley 0 SAC52 Walnut Grove 27 
SAC21 Sutter Buttes East 0 SAC53 Tyler Island 27 
SAC22 Live Oak 0 SAC54 Andrus Island 27 
SAC23 Lower Honcut 0 SAC55 Ryer Island 27 
SAC24 Levee District #1 0 SAC56 Prospect Island 27 
SAC25 Yuba City 0 SAC57 Twitchell Island 27 
SAC26 Marysville 0 SAC58 Sherman Island 27 
SAC27 Linda-Olivehurst 0 SAC59 Moore 27 
SAC28 RD 784 0 SAC60 Cache Slough 27 
SAC29 Best Slough 0 SAC61 Hastings 27 
SAC30 RD 1001 0 SAC62 Lindsey Slough 27 
SAC32 RD 70-1660 0 SAC63 Sacramento South 02 

SAC33 Meridian 0 
Source: USACE, 2003 
Notes: 
1   This time was obtained from SAC36 (Elkhorn). 
2   Comprehensive Study did not include impact area SAC63. The original SAC40 was divided into two impact areas 

(SAC40 and SAC63) for this study and the same mitigation time as for the original SAC40 was used for both. 
Key: RD = Reclamation District; SAC = Sacramento River basin impact area 



 3.0 Life Risk Analysis Method 

January 2012 3-21 
Public Draft 

Table 3-7.  Comprehensive Study No Project Condition Warning 
(Mitigation) Times for San Joaquin River Basin (SJ) Impact Areas 

Impact 
Area Description 

Warning 
Time 
(hour) 

Impact 
Area Description 

Warning 
Time 
(hour) 

SJ01 Fresno 0 SJ23 Tuolumne South 0 
SJ02 Fresno Slough East 0 SJ24 Tuolumne River 0 
SJ03 Fresno Slough West 0 SJ25 Modesto 0 
SJ04 Mendota 0 SJ26 Three Amigos 24 
SJ05 Chowchilla Bypass 0 SJ27 Stanislaus South 0 
SJ06 Lone Willow Slough 0 SJ28 Stanislaus North 3 
SJ07 Mendota North 0 SJ29 Banta Carbona 36 
SJ08 Firebaugh 0 SJ30 Paradise Cut 36 
SJ09 Salt Slough 15 SJ31 Stewart Tract 36 
SJ10 Dos Palos 9 SJ32 East Lathrop 36 
SJ11 Fresno River 0 SJ33 Lathrop/Sharpe 36 
SJ12 Berenda Slough 0 SJ34 French Camp 36 
SJ13 Ash Slough 0 SJ35 Moss Tract 36 
SJ14 Sandy Mush 15 SJ36 Roberts Island 36 
SJ15 Turner Island 15 SJ37 Rough and Ready 

Island 
36 

SJ16 Bear Creek 33 SJ38 Drexler Tract 36 
SJ17 Deep Slough 24 SJ39 Union Island 36 
SJ18 West Bear Creek 24 SJ40 Union Island Toe 361 
SJ19 Fremont Ford 33 SJ41 Fabian Tract 36 
SJ20 Merced River 33 SJ42 RD 1007 36 
SJ21 Merced River North 30 SJ43 Grayson 242 
SJ22 Orestimba 30 

Source: USACE, 2003 
Notes: 
1  Comprehensive Study did not include a mitigation time for Impact Area SJ40, so David Ford Consulting 

Engineers used the same mitigation time as the surrounding impact areas. 
2  Comprehensive Study did not include a mitigation time for impact area SJ43; therefore, David Ford 

Consulting Engineers used the same mitigation time as from Impact Area SJ26, which is just 
downstream from SJ43. 

Key: 
RD = Reclamation District 
SJ = San Joaquin River basin impact area 
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Table 3-8.  Assigned No Project Warning (Mitigation) Times for 
Stockton Area (STK) Impact Areas 
Impact 
Area Description Warning 

Time (hr) 
Impact 
Area Description Warning 

Time (hr) 
STK 01 Lower Roberts Island1 36 STK 08 Bear Creek South2 0 
STK 06 Stockton East2 0 STK 09 Bear Creek North2 0 
STK 07 Calaveras River2 0 STK 10 Central Stockton2 0 

Notes: 
1  The Comprehensive Study did not include mitigation times for the Stockton area, thus a mitigation time 

for STK01 was obtained from surrounding impact areas along San Joaquin River. 
2  A mitigation time for the other Stockton impact areas, with flooding from local sources, was obtained 

from SAC 40 and SAC 63 along the American River. 
Key: 
hr = hour 
STK= Stockton region impact area 

The adjusted persons-per-structure values for the impact areas are listed in 
Tables 3-9 and 3-11. In many impact areas, the flood warning system 
efficiency is 0.00 because the warning times are 0.00. As a result, there is 
no reduction in the unadjusted persons-per-structure relationships for these 
impact areas shown in Tables 3-2 and 3-3. 

3.6.4 Water Depth-Percent Mortality Function 
Jonkman’s (2009) remaining zone water depth-percent mortality 
relationship (Equation 1 above) was used to calculate the 2012 CVFPP 
LRC Method water depth-percent mortality results shown in Table 3-12. 

3.6.5 Other Inputs to 2012 CVFPP Life Risk Calculation 
Model 

The HEC-FDA models developed for the economic evaluation of flood 
damages were modified as noted below for this life risk analysis. These 
HEC-FDA models required the following inputs: 

• Stage-frequency curve (stream hydraulics and hydrology) 

• Levee fragility curve (geotechnical considerations) 

• Flood depth grid (floodplain hydraulics) 

For this life risk analysis, the economic information necessary to compute 
expected annual damages was replaced with persons-per-structure 
functions and water depth-percent mortality functions, as described earlier 
in this report. 
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Table 3-9.  Adjusted Persons-per-Structure Relationships for 
Sacramento River Basin Impact Areas 

Impact 
Area 

Flood 
Warning 

Efficiency 
SFR MFR MH MISC-RES 

SAC01 0.00 2.82 9.39 2.57 2.79 
SAC02 67.81 0.91 3.37 0.85 0.91 
SAC03 0.00 3.41 11.33 3.38 3.39 
SAC04 0.00 3.08 11.67 3.04 3.09 
SAC05 58.67 1.21 3.58 1.10 1.20 
SAC06 58.67 1.11 0.72 1.22 1.11 
SAC07 70.00 0.90 2.59 0.85 0.88 
SAC08 70.00 0.86 0.00 0.71 0.86 
SAC09 70.00 0.93 5.68 0.93 0.91 
SAC10 70.00 0.94 3.59 0.96 0.95 
SAC11 62.31 1.18 4.09 1.21 1.18 
SAC12 70.00 0.89 6.10 0.92 0.89 
SAC13 70.00 0.89 6.10 0.92 0.89 
SAC14 70.00 0.85 2.92 0.95 0.85 
SAC15 70.00 0.86 2.28 0.98 0.85 
SAC16 70.00 0.92 4.33 0.93 0.79 
SAC7 70.00 0.85 4.33 0.93 0.79 
SAC18 0.00 3.11 9.08 2.45 3.07 
SAC20 0.00 3.01 0.65 2.26 2.94 
SAC21 0.00 3.10 8.60 2.21 3.05 
SAC22 0.00 3.39 10.71 1.90 3.36 
SAC23 0.00 2.91 7.79 2.25 2.77 
SAC24 0.00 3.07 9.59 2.60 3.05 
SAC25 0.00 2.99 16.54 2.38 2.84 
SAC26 0.00 2.96 18.11 2.29 2.85 
SAC27 0.00 3.12 9.39 2.54 3.03 
SAC28 0.00 3.18 11.33 2.96 3.19 
SAC29 0.00 2.97 5.79 2.61 2.96 
SAC30 0.00 2.98 13.53 2.54 3.01 
SAC32 0.00 3.01 9.72 2.86 2.98 
SAC33 0.00 2.70 15.05 2.85 2.85 
SAC34 62.31 1.13 7.73 1.17 1.12 
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Table 3-9.  Adjusted Persons-per-Structure Relationships for 
Sacramento River Basin Impact Areas (contd.) 

Impact 
Area 

Flood 
Warning 

Efficiency 
SFR MFR MH MISC-RES 

SAC35 70.00 0.89 6.33 0.77 0.89 
SAC36 70.001 0.89 4.68 0.69 0.81 
SAC37 0.00 3.31 22.42 2.76 3.29 
SAC38 0.00 2.86 29.87 1.94 2.54 
SAC39 70.00 0.76 4.71 0.59 0.74 
SAC40 0.00 2.83 14.67 2.06 2.60 
SAC41 70.00 0.84 4.52 0.74 0.80 
SAC42 70.00 0.79 4.53 0.70 0.78 
SAC43 70.00 0.87 6.25 0.74 0.87 
SAC44 70.00 0.98 10.89 0.76 0.95 
SAC45 70.00 0.87 6.25 0.74 0.87 
SAC46 70.00 0.84 3.14 0.80 0.85 
SAC47 70.00 0.84 3.14 0.80 0.85 
SAC48 70.00 0.86 3.17 0.83 0.86 
SAC49 70.00 0.81 5.34 0.69 0.81 
SAC50 70.00 0.79 5.17 0.64 0.78 
SAC51 70.00 0.81 3.10 0.81 0.82 
SAC52 70.00 0.81 3.10 0.81 0.82 
SAC53 70.00 0.74 4.33 0.66 0.72 
SAC54 70.00 0.81 2.82 0.65 0.81 
SAC55 70.00 0.80 5.24 0.68 0.79 
SAC56 70.00 0.78 4.89 0.59 0.77 
SAC57 70.00 0.76 2.41 0.60 0.75 
SAC58 70.00 0.76 2.41 0.60 0.75 
SAC59 70.00 0.76 2.41 0.60 0.75 
SAC60 70.00 0.82 5.07 0.80 0.81 
SAC61 70.00 0.82 5.07 0.80 0.81 
SAC62 70.00 0.78 4.89 0.59 0.77 
SAC63 0.00 2.83 14.67 2.06 2.60 
Source: David Ford Consulting Engineers, Inc., 2011 
Notes: 
1 Based on mitigation time of 21 hours obtained from SAC36 (Elkhorn). 
Key: 
MFR = multiple-family residential unit 
MH = mobile home unit 
MISC-RES = miscellaneous residential unit 
SFR = single-family residential unit 
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Table 3-10.  Adjusted Persons-per-Structure Relationships for San 
Joaquin River Basin Impact Areas 

Impact 
Area 

Flood 
Warning 

Efficiency 
SFR MFR MH MISC-RES 

SJ01 0.00 2.97 15.24 2.88 2.86 
SJ02 0.00 3.28 24.05 3.43 3.29 
SJ03 0.00 3.25 21.71 3.60 3.24 
SJ04 0.00 3.20 19.94 2.80 3.17 
SJ05 0.00 3.33 16.47 3.54 3.37 
SJ06 0.00 3.43 25.35 3.78 3.45 
SJ07 0.00 3.41 25.39 3.79 3.43 
SJ08 0.00 4.00 25.25 3.66 3.93 
SJ09 70.00 1.02 6.50 0.88 1.01 
SJ10 70.00 1.02 6.53 0.93 1.02 
SJ11 0.00 3.19 11.09 3.12 3.19 
SJ12 0.00 3.35 15.90 3.24 3.40 
SJ13 0.00 3.36 15.90 3.26 3.39 
SJ14 70.00 1.01 0.00 0.99 1.01 
SJ15 70.00 0.97 6.01 0.83 0.96 
SJ16 70.00 0.95 2.79 0.82 0.95 
SJ17 70.00 0.94 2.75 0.83 0.92 
SJ18 70.00 0.98 2.88 0.80 0.97 
SJ19 70.00 0.94 2.89 0.78 0.94 
SJ20 70.00 1.04 5.93 0.87 1.03 
SJ21 70.00 0.97 3.40 0.83 0.97 
SJ22 70.00 0.96 3.04 0.81 0.95 
SJ23 0.00 3.28 12.17 3.17 3.28 
SJ24 0.00 3.56 7.11 2.92 3.56 
SJ25 0.00 3.44 9.21 2.55 3.33 
SJ26 70.00 0.93 3.56 0.94 0.94 
SJ27 0.00 3.12 9.45 2.54 3.03 
SJ28 58.67 1.26 6.28 1.19 1.24 
SJ29 70.00 0.88 1.73 0.83 0.88 
SJ30 70.00 0.99 1.99 0.92 0.99 
SJ31 70.00 0.84 1.73 0.84 0.84 
SJ32 70.00 0.98 2.42 0.85 0.96 
SJ33 70.00 0.92 13.88 1.04 0.92 
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Table 3-10.  Adjusted Persons-per-Structure Relationships for San 
Joaquin River Basin Impact Areas (contd.) 

Impact Area 
Flood 

Warning 
Efficiency 

SFR MFR MH MISC-RES 

SJ34 70.00 1.05 2.20 1.20 1.05 
SJ35 70.00 1.12 4.21 0.76 1.13 
SJ36 70.00 1.12 4.21 0.76 1.13 
SJ37 70.00 0.97 4.81 0.88 1.02 
SJ38 70.00 1.00 1.85 0.69 1.00 
SJ39 70.00 1.00 1.85 0.69 1.00 
SJ40 70.00 0.97 1.81 0.70 0.97 
SJ41 70.00 0.99 1.99 0.92 0.99 
SJ42 70.00 0.96 1.87 0.90 0.95 
SJ43 70.00 1.07 1.93 1.04 1.06 
Source: David Ford Consulting Engineers, Inc., 2011 
Key: 
MFR = multiple-family residential unit 
MH = mobile home unit 
MISC-RES = miscellaneous residential unit 
SFR = single-family residential unit 

Table 3-11.  Adjusted Persons-per-Structure Relationships for 
Stockton Area (STK) Impact Areas 
Impact Area SFR MFR MH MISC-RES 
STK 01 1.00 1.85 0.69 1.00 
STK 06 3.21 11.64 2.35 3.21 
STK 07 2.85 34.51 2.08 2.71 
STK 08 3.31 10.06 2.11 3.23 
STK 09 3.10 11.85 2.32 3.13 
STK 10 3.23 19.11 2.60 3.12 
Source: David Ford Consulting Engineers, Inc., 2011 
Key: 
MFR = multiple-family residential unit 
MH = mobile home unit 
MISC-RES = miscellaneous residential unit 
SFR = single-family residential unit 
STK = Stockton area impact area 
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Table 3-12.  Water Depth-Percent Mortality Results 
Water Depth (feet) Percent Mortality 

0 0.0 
1 0.1 
2 0.2 
3 0.4 
4 0.6 
5 0.8 
6 1.1 
7 1.3 
8 1.6 
9 1.8 
10 2.1 
11 2.3 
12 2.5 
13 2.8 
14 3.0 
15 3.3 
16 3.5 
25 5.7 

Source: David Ford Consulting Engineers, Inc., 2011 

3.7 Limitations and Advantages of 2012 CVFPP 
Life Risk Calculation Method 

The 2012 CVFPP LRC Method incorporates commonly used procedures 
for assessing life risk, as influenced by flood hazard, system performance, 
and vulnerability and exposure of people. The LRC Method is consistent 
generally with USACE methods. For consistency, the LRC Method 
integrated the life risk calculation method with the economic risk 
calculations described in Attachment 8F: Flood Damage Analysis, using a 
common numerical description of flood hazard and levee system 
performance. Exposure of people is tied to exposure of property. With this 
analysis strategy, computations for both economic and life risk were 
accomplished with the USACE HEC-FDA software application, as 
described above. The resulting life risk values are conditional: they 
represent consequences for a given area with a specified set of hydrologic 
and hydraulic conditions of the system, with best representation of 
performance of system levees and other features, and with stated 
assumptions regarding public warning and response. As such, the results 
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are informative indices of life risk, and the values shown herein provide a 
reliable metric for comparing the life-risk reduction attributable to 2012 
CVFPP approaches. However, the analysis is not a detailed life safety 
analysis suitable for other purposes, such as to forecast mortality for 
emergency response. 

For example, the LRC Method does not account explicitly for the 
following: 

• Changes in the distribution of people (exposure) as they respond to any 
flood warnings that may be issued. 

• Floods arriving at different times of the day, or on different days of the 
week. 

• Number of people who reach safety by moving to a higher elevation in 
a structure (“sheltering”), compared to those who are able to flee the 
structures and reach safety outside the flood zone. 

Nevertheless, given that it is used to evaluate relative differences in life risk 
among different approaches for each impact area, the LRC method is 
appropriate for the 2012 CVFPP life risk analysis for the following reasons: 

• Meets the plan evaluation objectives 

• Is systematic, reproducible, and defendable 

• Is based on reasonable science 

• Relies on empirical data 

• Relies on readily available data 

• Is applicable systemwide 
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4.0 Results 

4.1 Life Risk Results 

The computed life risk values for the No Project condition and the 2012 
CVFPP approaches for each impact area of the Sacramento and San 
Joaquin river basins, and Stockton area, are shown in Tables 4-1, 4-2, and 
4-3, respectively. 

4.1.1 Results for No Project Condition 
The No Project condition life risk values for the Sacramento River basin 
range from 0 to 32.2 (Table 4-1). Impact areas with some of the higher life 
risk values include SAC25-Yuba City (8.2), SAC27-Linda-Olivehurst 
(1.2), SAC36-Natomas (2.5), SAC37-Rio Linda (1.7), SAC38-West 
Sacramento (2.4), SAC40-Sacramento North (7.0), and SAC63-Sacramento 
South (32.2). The total No Project condition life risk value for this basin is 
58.6. 

The variation in life risk values for the San Joaquin River basin is much 
less, ranging from 0 to 3.0 (Table 4-2). Impact areas with some of the 
higher life risk values include SJ09-Salt Slough (3.0), SJ24-Tuolumne 
River (0.3), SJ25-Modesto (0.2), and SJ33-Lathrop/Sharpe (0.3). The total 
No Project condition life risk value for this basin (4.1) is much less than the 
Sacramento River basin. 

For the Stockton area, No Project life risk values range from 0 to 1.0 as 
shown in Table 4-3. 

For all basins, No Project life risk values for most impact areas are less 
than 1. 

4.1.2 Results for 2012 CVFPP Approaches 
For the Sacramento River basin, all of the 2012 CVFPP approaches have 
lower life risk values than the No Project condition, with the greatest 
reduction occurring with the Enhanced Flood System Capacity Approach 
(23.2 compared to 58.6). 

For the San Joaquin River basin, all of the 2012 CVFPP approaches have 
lower life risk values than the No Project condition, with the greatest 
reduction occurring with the Enhanced Flood System Capacity Approach 
(2.0 compared to 4.1). 
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For the Stockton area, all of the 2012 CVFPP approaches have the same 
components of levee improvement, except for STK01, and therefore reduce 
the No Project condition life risk value by the same amount (0.2 compared 
to 1.4).  The Protect High Risk Communities Approach results were used to 
represent all approaches (excluding No Project), except for STK01. All 
approaches were estimated in STK01. 

Figures 4-1, 4-2, and 4-3 show the percent life risk reductions for all 
approaches, compared to the No Project condition, for the Sacramento and 
San Joaquin river basins, and Stockton area, respectively. Tables 4-1, 4-2, 
and 4-3 present the life risk values for all approaches, by impact area, for 
the Sacramento and San Joaquin river basins, and Stockton area, 
respectively. 

 
Figure 4-1.  CVFPP Approach Life Risk Value Percent Reductions Compared to 
No Project Condition for Sacramento River Basin 
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Figure 4-2.  CVFPP Approach Life Risk Value Percent Reductions 
Compared to No Project Condition for San Joaquin River Basin 

 
Figure 4-3.  CVFPP Approach Life Risk Value Percent Reductions 
Compared to No Project Condition for Stockton Area 
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Table 4-1.  2012 CVFPP Life Risk Values for Sacramento River Basin 
Impact Areas 

Impact 
Area Description No 

Project SPFC PHRC EFSC SSIA 

SAC01 Woodson Bridge East 0.0 0.0 0.0 0.0 0.0 
SAC02 Woodson Bridge West 0.0 0.0 0.0 0.0 0.0 
SAC03 Hamilton City 0.2 0.3 0.3 0.3 0.3 
SAC04 Capay 0.0 0.0 0.0 0.0 0.0 
SAC05 Butte Basin 0.0 0.0 0.0 0.0 0.0 
SAC06 Butte City 0.0 0.0 0.0 0.0 0.0 
SAC07 Colusa Basin North 0.0 0.0 0.0 0.0 0.0 
SAC08 Colusa 0.0 0.0 0.0 0.0 0.0 
SAC09 Colusa Basin South 0.0 0.0 0.0 0.0 0.0 
SAC10 Grimes 0.0 0.0 0.0 0.0 0.0 
SAC11 RD 1500 West 0.0 0.0 0.0 0.0 0.0 
SAC12 Sycamore Slough 0.0 0.0 0.0 0.0 0.0 
SAC13 Knight's Landing 0.3 0.1 0.3 0.0 0.1 
SAC14 Ridge Cut (North) 0.0 0.0 0.0 0.0 0.0 
SAC15 Ridge Cut (South) 0.0 0.0 0.0 0.0 0.0 
SAC16 RD 2035 0.0 0.0 0.0 0.0 0.0 
SAC17 East of Davis 0.0 0.0 0.0 0.0 0.0 
SAC18 Upper Honcut 0.0 0.0 0.0 0.0 0.0 
SAC20 Gridley 0.1 0.1 0.1 0.1 0.1 
SAC21 Sutter Buttes East 0.1 0.1 0.1 0.1 0.1 
SAC22 Live Oak 0.2 0.3 0.2 0.2 0.2 
SAC23 Lower Honcut 0.1 0.1 0.1 0.1 0.1 
SAC24 Levee District #1 0.1 0.0 0.2 0.0 0.0 
SAC25 Yuba City 8.2 3.4 2.7 2.5 2.4 
SAC26 Marysville 0.4 0.5 0.5 0.5 0.5 
SAC27 Linda-Olivehurst 1.2 1.3 1.4 1.3 1.3 
SAC28 RD 784 0.4 0.8 0.5 0.2 0.4 
SAC29 Best Slough 0.2 0.0 0.2 0.1 0.2 
SAC30 RD 1001 0.1 0.0 0.1 0.0 0.1 
SAC32 RD 70-1660 0.1 0.0 0.1 0.0 0.1 
SAC33 Meridian 0.1 0.0 0.1 0.0 0.1 
SAC34 RD 1500 East 0.0 0.0 0.0 0.0 0.0 
SAC35 Elkhorn 0.0 0.0 0.0 0.0 0.0 
SAC36 Natomas 2.5 2.9 0.7 0.6 0.8 
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Table 4-1.  2012 CVFPP Life Risk Values for Sacramento River Basin 
(SAC) Impact Areas (contd.) 

Impact 
Area Description No 

Project SPFC PHRC EFSC SSIA 

SAC37 Rio Linda 1.7 2.1 1.2 1.0 1.2 
SAC38 West Sacramento 2.4 1.8 1.2 0.8 1.2 
SAC39 RD 900 0.4 0.4 0.1 0.1 0.1 
SAC40 Sacramento North 7.0 6.0 3.2 3.0 3.2 
SAC41 RD 302 0.0 0.0 0.0 0.0 0.0 
SAC42 RD 999 0.0 0.0 0.0 0.0 0.0 
SAC43 Clarksburg 0.0 0.0 0.0 0.0 0.0 
SAC44 Stone Lake 0.2 0.8 0.0 0.1 0.0 
SAC45 Hood 0.2 0.0 0.0 0.0 0.0 
SAC46 Merritt Island 0.0 0.0 0.0 0.0 0.0 
SAC47 RD 551 0.0 0.0 0.0 0.0 0.0 
SAC48 Courtland 0.0 0.0 0.0 0.0 0.0 
SAC49 Sutter Island 0.0 0.0 0.0 0.0 0.0 
SAC50 Grand Island 0.1 0.0 0.1 0.0 0.1 
SAC51 Locke 0.0 0.0 0.0 0.0 0.0 
SAC52 Walnut Grove 0.0 0.0 0.0 0.0 0.0 
SAC53 Tyler Island 0.0 0.0 0.0 0.0 0.0 
SAC54 Andrus Island 0.0 0.0 0.0 0.0 0.0 
SAC55 Ryer Island 0.0 0.0 0.0 0.0 0.0 
SAC56 Prospect Island 0.0 0.0 0.0 0.0 0.0 
SAC57 Twitchell Island 0.0 0.0 0.0 0.0 0.0 
SAC58 Sherman Island 0.0 0.0 0.0 0.0 0.0 
SAC59 Moore 0.0 0.0 0.0 0.0 0.0 
SAC60 Cache Slough 0.0 0.0 0.0 0.0 0.0 
SAC61 Hastings 0.0 0.0 0.0 0.0 0.0 
SAC62 Lindsey Slough 0.0 0.0 0.0 0.0 0.0 
SAC63 Sacramento South 32.2 34.8 18.1 12.3 15.6 

TOTAL  58.6 56.0 31.6 23.2 
Notes: 
1   Although individual impact area results are presented in this table for completeness, the most appropriate 

comparison of the life risk values is on an aggregate, systemwide basis, comparing the relative differences in the 
reductions achieved by the approaches. See Section 4.2. 

Key: 
CVFPP = Central Valley Flood Protection Plan 
EFSC = Enhance Flood System Capacity Approach 
PHRC = Protect High Risk Communities Approach 
RD = Reclamation District 
SPFC = Achieve SPFC Design Flow Capacity Approach 
SSIA = State Systemwide Investment Approach 
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Table 4-2.  2012 CVFPP Life Risk Values for San Joaquin River Basin (SJ) 
Impact Areas 

Impact 
Area 

Description No 
Project 

SPFC PHRC EFSC SSIA 

SJ01 Fresno 0.0 0.0 0.0 0.0 0.0 
SJ02 Fresno Slough East 0.0 0.0 0.0 0.0 0.0 
SJ03 Fresno Slough West 0.0 0.0 0.0 0.0 0.0 
SJ04 Mendota 0.0 0.0 0.0 0.0 0.0 
SJ05 Chowchilla Bypass 0.0 0.0 0.0 0.0 0.0 
SJ06 Lone Willow Slough 0.0 0.2 0.0 0.1 0.0 
SJ07 Mendota North 0.0 0.0 0.0 0.0 0.0 
SJ08 Firebaugh 0.0 0.0 0.0 0.0 0.0 
SJ09 Salt Slough 3.0 2.4 3.0 1.40 2.9 
SJ10 Dos Palos 0.0 0.0 0.0 0.0 0.0 
SJ11 Fresno River 0.0 0.0 0.0 0.0 0.0 
SJ12 Berenda Slough 0.0 0.0 0.0 0.0 0.0 
SJ13 Ash Slough 0.0 0.0 0.0 0.0 0.0 
SJ14 Sandy Mush 0.0 0.0 0.0 0.0 0.0 
SJ15 Turner Island 0.0 0.0 0.0 0.0 0.0 
SJ16 Bear Creek 0.0 0.0 0.0 0.0 0.0 
SJ17 Deep Slough 0.0 0.0 0.0 0.0 0.0 
SJ18 West Bear Creek 0.0 0.0 0.0 0.0 0.0 
SJ19 Fremont Ford 0.0 0.0 0.0 0.0 0.0 
SJ20 Merced River 0.0 0.0 0.0 0.0 0.0 
SJ21 Merced River North 0.0 0.0 0.0 0.0 0.0 
SJ22 Orestimba 0.0 0.0 0.0 0.0 0.0 
SJ23 Tuolumne South 0.0 0.1 0.1 0.0 0.1 
SJ24 Tuolumne River 0.3 0.3 0.2 0.0 0.2 
SJ25 Modesto 0.2 0.2 0.2 0.1 0.2 
SJ26 Three Amigos 0.0 0.0 0.0 0.0 0.0 
SJ27 Stanislaus South 0.0 0.0 0.0 0.0 0.0 
SJ28 Stanislaus North 0.0 0.0 0.0 0.0 0.0 
SJ29 Banta Carbona 0.1 0.2 0.1 0.1 0.1 
SJ30 Paradise Cut 0.0 0.0 0.0 0.0 0.0 
SJ31 Stewart Tract 0.0 0.0 0.0 0.0 0.0 
SJ32 East Lathrop 0.0 0.0 0.0 0.0 0.0 
SJ33 Lathrop/ Sharpe 0.3 0.2 0.1 0.1 0.1 
SJ34 French Camp 0.0 0.3 0.0 0.0 0.0 
SJ35 Moss Tract 0.0 0.0 0.0 0.0 0.0 
SJ36 Roberts Island 0.0 0.0 0.0 0.0 0.0 
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Table 4-2. 2012 CVFPP Life Risk Values for San Joaquin River Basin 
Impact Areas (contd.) 

Impact 
Area 

Description No 
Project 

SPFC PHRC EFSC SSI 

SJ37 Rough and Ready 
Island 0.0 0.0 0.0 0.0 0.0 

SJ38 Drexler Tract 0.0 0.0 0.0 0.0 0.0 
SJ39 Union Island 0.0 0.0 0.0 0.0 0.0 
SJ40 Union Island Toe 0.0 0.0 0.0 0.0 0.0 
SJ41 Fabian Tract 0.0 0.0 0.0 0.0 0.0 
SJ42 RD 1007 0.0 0.0 0.0 0.0 0.0 
SJ43 Grayson 0.0 0.0 0.0 0.0 0.0 

TOTAL  4.1 4.0 3.9 2.0 
Notes: 
1  Although individual impact area results are presented in this table for completeness, the most appropriate 

comparison of the life risk values is on an aggregate, systemwide basis, comparing the relative differences in 
the reductions achieved by the approaches. See Section 4.2. 

Key: 
CVFPP = Central Valley Flood Protection Plan 
EFSC = Enhance Flood System Capacity Approach 
PHRC = Protect High Risk Communities Approach 
RD = Reclamation District 
SPFC = Achieve SPFC Design Flow Capacity Approach 
SSIA = State Systemwide Investment Approach 

Table 4-3. 2012 CVFPP Life Risk Values for Stockton Area Impact 
Areas 

Impact 
Area 

Description No 
Project 

SPFC PHRC EFSC SSI 

STK 01 Lower Roberts Island 0.1 0.0 0.0 0.0 0.0 
STK 06 Stockton East 0.0 0.0 0.0 0.0 0.0 
STK 07 Calaveras River 1.0 0.2 0.2 0.2 0.2 
STK 08 Bear Creek South 0.0 0.0 0.0 0.0 0.0 
STK 09 Bear Creek North 0.0 0.0 0.0 0.0 0.0 
STK 10 Central Stockton 0.3 0.0 0.0 0.0 0.0 

TOTAL  1.4 0.2 0.2 0.2 
Notes: 
1  Although individual impact area results are presented in this table for completeness, the most appropriate 

reductions achieved by the approaches. See Section 4.2. 
Key: 
CVFPP = Central Valley Flood Protection Plan 
EFSC = Enhance Flood System Capacity Approach 
PHRC = Protect High Risk Communities Approach 
SPFC = Achieve SPFC Design Flow Capacity Approach 
SSIA = State Systemwide Investment Approach 
STK = Stockton area impact area 
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4.2 Discussion of Results 

These calculated life risk values were computed using HEC-FDA. Revised 
structure inventories (persons-per-structure relationships) and a water 
depth-percent mortality function were imported into the 2012 CVFPP 
HEC-FDA models, retaining the hydraulics and geotechnical inputs. HEC-
FDA integrates the complex hydraulics, geotechnical, and consequence 
information, all of which affect the life risk values. 

In addition to the traditional HEC-FDA inputs, the LRC Method also 
includes population information. Although population is not directly 
entered into HEC-FDA, for the LRC Method, it was indirectly entered with 
the residential persons-per-structure estimates that replaced the economic 
values (Tables 3-2, 3-3, and 3-4). These values were then reduced to 
account for evacuation as a result of existing flood warning system 
efficiencies and associated warning times (Tables 3-5, 3-6, and 3-7). Table 
4-4 compares the 2000 population estimates and warning times for the 
Sacramento River basin impact areas with relatively high life risk values. 
As shown by this table, higher life risk values are consistent with higher 
population estimates. For example, the highest life risk value (32.2) was 
estimated for SAC63 (Sacramento South), which has the highest population 
of all 110 impact areas. 

LRC Method results are also affected by warning times. As shown in 
Table 4-4, all impact areas with higher life risk values have mitigation 
times of 0 hours, except SAC36 (Natomas). With a 0-hour mitigation time, 
the number of persons per structure is not reduced to account for warning 
system efficiency. For example, the mitigation time for SAC36 was 
increased from 0 to 21 hours for this analysis. However, if the original 
Comprehensive Study mitigation time is used (0 hours), the resulting life 
risk value is 8.4 for SAC36. 

Two other impact areas with higher life risk values are SAC40 (Sacramento 
North) and SAC63 (Sacramento South), both located along the American 
River in metropolitan Sacramento. Both of these impact areas show 0-hour 
mitigation times based on the Comprehensive Study estimates of forecast 
lead time and response time. Attachment A provides information on how 
the Comprehensive Study warning times were determined. For these two 
impact areas, a sensitivity analysis was conducted to determine the effect of 
a 2-hour mitigation time on the life risk values and relative ranking of the 
approaches. Not unexpectedly, the total life loss estimates were lower for 
these 2 impact areas, as shown in Table 4-5. The percent reductions among 
the approaches for all impact areas changed somewhat, as shown in Figure 
4-4 (compared to Figure 3-1).  However, more importantly, the relative 
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ranking of the approaches, in terms of percentage reductions compared to 
the No Project condition, did not change significantly. 

Table 4-4.  Comparison of Population and Warning (Mitigation) Times 
 for Impact Areas with High Life Risk Values 

Impact 
Area Description 2000 

Population 

Warning 
Time  

(hours) 

No Project 
Life Risk 

Value 
SAC63 Sacramento South 413,736 0 32.2 
SAC40 Sacramento North 60,314 0 7.0 
SAC25 Yuba City 58,020 0 8.2 
SAC36 Natomas 41,141 21 (0)1 2.5 (8.4)1 
SAC37 Rio Linda 26,173 0 1.7 
SAC38 West Sacramento 25,605 0 2.4 
SAC27 Linda-Olivehurst 25,516 0 1.2 
Note: 
1  For comparison purposes, the original SAC36 mitigation time and resulting life risk value are 

shown in parentheses. 

Table 4-5.  Life Risk Values with 0 Hour and 2 Hour Mitigation Times 
for SAC 40 and SAC 63 

Area No Action SPFC PHRC EFSC SSIA 
0 hour mitigation time 
SAC 40 7.0 6.0 3.2 3.0 3.2 
SAC 63 32.2 34.8 18.1 12.3 15.5 
2 hour mitigation time 
SAC 40 2.9 2.5 1.3 1.3 1.3 
SAC 63 13.5 14.5 7.6 5.2 6.5 
Key: 
EFSC = Enhance Flood System Capacity Approach 
PHRC = Protect High Risk Communities Approach 
SPFC = Achieve SPFC Design Flow Capacity Approach 
SSIA = State Systemwide Investment Approach 
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Figure 4-4.  Total Life Risk Value Percent Reductions with 2 Hour 
Mitigation Times for SAC 40 and SAC 63 

Although the Comprehensive Study mitigation times were developed 
almost 10 years ago, they are still believed to reflect current flood 
emergency forecast, decision making, and notification times for these two 
impact areas. Thus, the original Comprehensive Study 0-hour mitigation 
times have been retained for the No Project condition.  However, it is 
recognized that improvements are, and will continue be, made in 
forecasting, emergency response, and notification in the Central Valley, 
which will further enhance the ability of the recommended State 
Systemwide Investment Approach to reduce flood life risk. This sensitivity 
analysis demonstrates how important these activities are for managing 
residual risk in the Central Valley. 

The LRC Method results can be compared with results of the economic 
analysis. The same depths that were used to compute expected annual 
damages (EAD) were also used to compute life risk values. For example, 
the average depth of flooding for SAC63 for the p=0.002 (500-year) flood 
event is 6.71 feet which affects both the EAD and life risk values. Table 4-
6 indicates that the higher life risk values are consistent with higher EAD 
estimates described in Attachment 8F: Flood Damage Analysis. 

Finally, care should be used when interpreting the computed life risk values 
reported in Tables 4-1, 4-2, and 4-3 for individual impact areas. Because 
(1) uncertainties for the life risk consequence inputs were not defined (e.g., 
persons-per-structure relationships), and (2) because of the inherent 
precision of the calculations in HEC-FDA, the life risk values may not be 
significantly different than 0, especially the smaller values (e.g., 0.1). 
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In addition, caution must be used when comparing the life risk values with 
the expected annual damage (EAD) estimates presented in Attachment 8F 
(Flood Damage Analysis). Although both estimates are sensitive to flood 
depths within the impact areas (one of the key HEC-FDA inputs), the EAD 
estimates are more sensitive to changes in shallower depths than the life 
risk values. This is because the slopes of the depth-% damage and depth-% 
mortality functions are very different, as shown in Figure 4-5.  The depth-
% damage function (the solid green line) is much steeper than the depth-% 
mortality function (the solid red line). Therefore, relative changes in EAD 
values in the individual impact areas may not necessarily correspond to 
relative changes in the life risk values, attributable to the different 
approaches. 

The most appropriate comparison of the life risk values is on an aggregate, 
basin-by-basin basis, comparing the relative differences in the reductions 
achieved by the approaches, as shown in Figure 2-1. 

Table 4-6.  Comparison of HEC-FDA Expected Annual Damage and 
Life Risk Values for Impact Areas with High Life Risk Values 

Impact 
Area Description 

Average 
Depth for 
p=0.002 

Event (feet) 

No Project 
EAD 

($1,000) 

No Project 
Life Risk 

Value 

SAC63 Sacramento South 6.71 107,120 32.2 
SAC36 Natomas 11.46 54,181 2.5 
SAC40 Sacramento North 8.26 27,636 7.0 
SAC38 West Sacramento 7.20 8,528 2.4 
SAC25 Yuba City 3.64 58,944 8.2 
SAC37 Rio Linda 7.47 4,917 1.7 
SAC27 Linda-Olivehurst 5.86 2,080 1.2 
Key: 
EAD = expected annual damages 
HEC-FDA = Hydraulic Engineering Center Flood Damage Analysis 
p=0,002 event = 500-year event 
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Figure 4-5.  Comparison of Depth - Percent Damage and Depth – 
Percent Mortality Functions 

4.3 Recommendations for Life Risk Analysis for 
2017 CVFPP 

For updates to the CVFPP, specialized off-the-shelf software applications, 
including HEC-FIA, HAZUS, and LIFESim, should be considered. If those 
applications are enhanced or otherwise modified to meet the needs for life 
risk analysis in the CVFPP, they may be used. However, such a wholesale 
change in analysis method is not required because the life risk analysis 
method used herein is acceptable and appropriate. It provides a systematic, 
unbiased, reproducible method for assessing risk to people protected by the 
project. Future refinements to the analysis might include (but are not 
limited to) the following: 

• Future estimates of population exposed should be adjusted to account 
for time of day that flooding occurs. The analysis reported herein made 
no distinction between daytime and nighttime flooding. However, in 
some neighborhoods, such as downtown Sacramento, the population 
will be greater during business hours, while in other neighborhoods, 
such as the residential neighborhoods of Sacramento, population will be 
greater during the evening. 
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• Future estimates of population exposed should be adjusted to account 
for enhancements that come with improved emergency response. For 
example, DWR has projects underway to refine emergency response 
plans and to improve forecasting for communities subjected to 
flooding. These projects will increase the warning time, thus reducing 
the exposure of people to flooding. This improvement should be 
accounted for in future estimates of life risk. 

• Future estimates of loading should use the best available models. For 
example, the flood depths used as the basis for computing consequence-
probability functions for life risk analysis should be updated to use the 
results of the Central Valley Hydrology Study and the Central Valley 
Flood Evaluation and Delineation study. 

• The latest census data should be used as each revision of the CVFPP is 
undertaken, thus accounting for increases, decreases, and shifts in 
population. 
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6.0 Acronyms and Abbreviations 
Board ........................ Central Valley Flood Protection Board 

Delta .......................... Sacramento-San Joaquin Delta 

Comprehensive Study Sacramento and San Joaquin River Basins 
Comprehensive Study 

CVFPP ...................... Central Valley Flood Protection Plan 

DWR ......................... California Department of Water Resources 

DEM .......................... Digital Elevation Model 

EAD ........................... expected annual damage 

FEMA ........................ Federal Emergency Management Agency 

GIS ............................ geographic information system 

Hazus-MH ................. Hazards U.S. Multi-Hazard 

HEC .......................... U.S. Army Corps of Engineers’ Hydrologic 
Engineering Center 

HEC-FDA .................. Hydrologic Engineering Center Flood Damage 
Analysis 

HEC-FIA .................... Hydrologic Engineering Center Flood Impact 
Analysis 

LRC ........................... Life Risk Calculation 

MFR .......................... multi-family residential 

MH ............................ mobile home 

MISC-RES ................. miscellaneous residential 

SFR ........................... single-family residential 

SPFC ........................ State Plan of Flood Control 

State .......................... State of California 

USACE ...................... U.S. Army Corps of Engineers 
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Mitigation Times Summary 
Comprehensive Study mitigation times were used to determine the flood 
warning efficiency factors used in the life risk calculation. This appendix 
describes how the Comprehensive Study mitigation times were determined. 
Further explanation is included in Appendix B (and Attachment 3) of the 
Enhanced Flood Response and Emergency Preparedness (EFREP) Initial 
Project Feasibility Study: Methods of Computing Damage Reduction 
(USACE 2003). 

Flood Warning Timeline 

Figure A-1 illustrates how time is spent responding to floods. The triangles 
represent milestones in the process, the last of which is exceedence of a 
threshold at which property is damaged, injuries occur, or lives are lost. If 
warning is available before that, mitigative actions can be taken. The goal 
of a flood warning system is to ensure that this is so. Mitigation time, 
shown in green in Figure A-1, is the time people have to take actions to 
reduce damage and avoid injuries and loss of life. 

 
Figure A-1.  How Time is Spent Responding to Floods 

USACE (1996) provides guidance for estimating the warning time 
provided by a flood warning system. This guidance suggests that the 
maximum potential warning time is the time between the first detectable or 
predictable precipitation and the time at which the stage (water surface 
elevation) exceeds the threshold for damage or threat to life at a critical 
location (i.e., the time between Monitoring begins and Threshold exceeded 
in the timeline). 

This maximum potential warning time varies from storm to storm and 
location to location. For example, if damageable property in a watershed is 
near the outlet, and if a short duration thunderstorm is centered near the 
outlet, the maximum potential warning time will be short. However, if the 
storm is centered at the far extent of the watershed, or if a forecast of the 
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precipitation is available before it actually occurs (a quantitative 
precipitation forecast), the maximum potential warning time for this same 
location will be longer. Likewise, the watershed state plays a role in 
determining the maximum potential warning time: if watershed soils are 
saturated, the time between precipitation and runoff is shorter than if the 
watershed soils are dry. 

But even if a storm is centered far from the outlet and soils are dry, the time 
available for mitigation may be short, because people are not able or 
willing to respond to a flood threat from the very onset or prediction of 
precipitation. For example, roads would not be closed, property moved, and 
evacuation commenced simply because a tipping bucket raingage tips in 
the upper reaches of a watershed. Thus, the actual warning time, the time 
truly available to take action to protect people and property, is less than the 
maximum potential warning time. The time between initiation of 
monitoring and exceedence of the threshold is spent completing other 
necessary tasks. 

Some time is required to detect an event: to collect and transmit 
hydrometeorological data, to analyze these data, and to forecast the stage 
due to the precipitation. This block of time is labeled Detection time in the 
timeline in Figure A-1. After the forecast is developed, additional time is 
required for forecasters to provide the product to emergency responders at 
critical locations in the basins. These responders would take time to 
evaluate the product, to identify vulnerable people and property, and to 
make decisions about what to do. The block of time required for evaluation 
and notification by local responders is labeled Emergency responder 
notification & decision making time in the figure. The emergency 
responders take time to notify the public (labeled Public notification time in 
Figure A-1), who can then take action to protect themselves and their 
property. Finally, response begins. The time remaining for the response 
before the water-level threshold is exceeded is the Action (warning or 
mitigation) time. This is the time that yields the benefit in terms of property 
damage avoided and lives saved. 

For example, suppose that the maximum potential warning time for a 
watershed averages 24 hours. That is, if emergency response began 
immediately on detection of rainfall in that watershed, the mitigation time 
available will be 24 hours. However, this kind of response is unlikely 
because the other activities described consume the time available. A few 
hours will be spent collecting and evaluating data, making decisions, 
notifying responders, and so on. Thus, the time actually available for 
mitigation will be less than 24 hours. If the system fails to detect that the 
rainfall rate is such that water levels are certain to rise to damaging levels, 
if the proper responders are not notified, or if an efficient response plan is 
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lacking, the entire maximum potential warning time may be wasted. In that 
case, the mitigation time would be 0 hours, and the flood warning system 
would have no benefit. 

However, if the flood warning system includes products and services that 
speed the evaluation and notification and improve the response, the flood 
warning system will increase the mitigation time. This will give responders 
and citizens more time to protect lives, property, lifelines, and the 
environment. 

How Comprehensive Study Mitigation Times Were Determined 

For the Comprehensive Study, DWR, National Weather Service 
forecasters, and Central Valley emergency responders were asked to 
provide estimates of the various times shown in Figure A-1 for conditions 
existing at the time of the study (2003) and forecast points throughout the 
Central Valley. These times were then correlated to the Comprehensive 
Study impact areas, which are nearly identical to the CVFPP impact areas. 

The Comprehensive Study without-project condition mitigation times 
derived from this process are listed in Table A-1 for the Sacramento River 
Basin and Table A-2 for the San Joaquin River Basin.  
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Table A-1.  Comprehensive Study Without-Project Condition Warning 
(Mitigation) Times for Sacramento River Basin 

Impact 
Area Description 

Forecast lead 
time 

(hours) 

Notification 
and decision 
making time 

(hours) 

Warning time 
(hours) 

SAC01 Woodson Bridge East 18 21 0 
SAC02 Woodson Bridge West 18 12 6 
SAC03 Hamilton City 18 21 0 
SAC04 Capay 18 21 0 
SAC05 Butte Basin 24 21 3 
SAC06 Butte City 24 21 3 
SAC07 Colusa Basin North 24 17 7 
SAC08 Colusa 30 17 13 
SAC09 Colusa Basin South 36 17 19 
SAC10 Grimes 33 17 16 
SAC11 RD 1500 West 39 35 4 
SAC12 Sycamore Slough 42 21 21 
SAC13 Knight's Landing 42 21 21 
SAC14 Ridge Cut (North) 42 21 21 
SAC15 Ridge Cut (South) 42 21 21 
SAC16 RD 2035 42 21 21 
SAC17 East of Davis 42 21 21 
SAC18 Honcut 12 21 0 
SAC19 Sutter Buttes North 12 21 0 
SAC20 Gridley 12 21 0 
SAC21 Sutter Buttes East 12 35 0 
SAC22 Live Oak 12 35 0 
SAC23 District 10 12 21 0 
SAC24 Levee District #1 12 35 0 
SAC25 Yuba City 12 17 0 
SAC26 Marysville 12 21 0 
SAC27 Linda-Olivehurst 12 21 0 
SAC28 RD 784 15 21 0 
SAC29 Best Slough 15 21 0 
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Table A-1.  Comprehensive Study Without-Project Condition Warning 
(Mitigation) Times for Sacramento River Basin (contd.) 

Impact 
Area Description 

Forecast 
Lead Time 

(hours) 

Notification 
and Decision 
Making Time 

(hours) 

Warning Time 
(hours) 

SAC30 RD 1001 18 35 0 
SAC31 Sutter Buttes South 33 35 0 
SAC32 Rec Dist 70-1660 33 35 0 
SAC33 Meridian 33 35 0 
SAC34 RD 1500 West 39 35 4 
SAC35 Elkhorn 42 21 21 
SAC36 Natomas 8 21 0 
SAC37 Rio Linda 8 17 0 
SAC38 West Sacramento 8 21 0 
SAC39 RD 900 45 21 24 
SAC40 Sacramento 8 17 0 
SAC41 RD 302 45 21 24 
SAC42 RD 999 45 21 24 
SAC43 Clarksburg 45 21 24 
SAC44 Stone Lake 45 21 24 
SAC45 Hood 45 21 24 
SAC46 Merritt Island 45 21 24 
SAC47 RD 551 45 21 24 
SAC48 Courtland 45 21 24 
SAC49 Sutter Island 48 21 27 
SAC50 Grand Island 48 21 27 
SAC51 Locke 48 21 27 
SAC52 Walnut Grove 48 21 27 
SAC53 Tyler Island 48 21 27 
SAC54 Andrus Island 48 21 27 
SAC55 Ryer Island 48 21 27 
SAC56 Prospect Island 48 21 27 
SAC57 Twitchell Island 48 21 27 
SAC58 Sherman Island 48 21 27 
SAC59 Moore 48 21 27 
SAC60 Cache Slough 48 21 27 
SAC61 Hastings 48 21 27 
SAC62 Lindsey Slough 48 21 27 
Source: USACE, 2003 
Key: 
RD = Reclamation District 
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Table A-2.  Comprehensive Study Without-Project Condition Warning 
(Mitigation) Times for San Joaquin River Basin 

Impact 
Area Description 

Forecast lead 
time 
(hrs) 

Notification 
and decision 
making time 

(hrs) 

Warning time 
(hrs) 

SJ01 Fresno 12 27 0 
SJ02 Fresno Slough East 12 27 0 
SJ03 Fresno Slough West 12 27 0 
SJ04 Mendota 12 27 0 
SJ05 Chowchilla Bypass 12 27 0 
SJ06 Lone Willow Slough 24 27 0 
SJ07 Mendota North 24 27 0 
SJ08 Firebaugh 24 27 0 
SJ09 Salt Slough 30 15 15 
SJ10 Dos Palos 24 15 9 
SJ11 Fresno River 24 27 0 
SJ12 Berenda Slough 24 27 0 
SJ13 Ash Slough 24 27 0 
SJ14 Sandy Mush 30 15 15 
SJ15 Turner Island 30 15 15 
SJ16 Bear Creek 48 15 33 
SJ17 Deep Slough 39 15 24 
SJ18 West Bear Creek 39 15 24 
SJ19 Fremont Ford 48 15 33 
SJ20 Merced River 48 15 33 
SJ21 Merced River North 48 18 30 
SJ22 Orestimba 48 18 30 
SJ23 Tuolumne South 12 18 0 
SJ24 Tuolumne River 12 18 0 
SJ25 Modesto 12 18 0 
SJ26 3 Amigos 42 18 24 
SJ27 Stanislaus South 15 18 0 
SJ28 Stanislaus North 15 12 3 
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Table A-2.  Comprehensive Study Without-Project Condition 
Mitigation Times for San Joaquin River Basin (contd.) 

Impact 
Area Description 

Forecast 
Lead Time 

(hours) 

Notification 
and Decision 
Making Time 

(hours) 

Warning 
Time 

(hours) 

SJ29 Banta Carbona 48 12 36 
SJ30 Paradise Cut 48 12 36 
SJ31 Stewart Tract 48 12 36 
SJ32 East Lathrop 48 12 36 
SJ33 Lathrop/Sharpe 48 12 36 
SJ34 French Camp 48 12 36 
SJ35 Roberts Island 48 12 36 
SJ36 Roberts Island 48 12 36 
SJ37 Rough and Ready 

Island 
48 12 36 

SJ38 Drexler Tract 48 12 36 
SJ39 Union Island 48 12 36 
SJ41 Fabian Tract 48 12 36 
SJ42 RD 1007 48 12 36 
Source: USACE, 2003 
Key: 
RD = Reclamation District 
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1.0 Introduction 
This section states the purpose of this attachment, gives background 
information (including a description of planning areas, goals, and 
approaches), and provides an overview of the report organization. 

1.1 Purpose of this Attachment 

This attachment documents findings of a regional economic analysis 
evaluating the State Systemwide Investment Approach (SSIA) presented in 
the 2012 Central Valley Flood Protection Plan (CVFPP) compared to No 
Project (described in Attachment 7: Plan Formulation). 

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the CVFPP, for adoption by the Central Valley Flood Protection 
Board (Board).  The 2012 CVFPP provides a systemwide approach to 
protecting lands currently protected from flooding by existing facilities of 
the State Plan of Flood Control (SPFC), and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta). 
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1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

• Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals: 

 Improve Operations and Maintenance 

 Promote Ecosystem Functions 

 Improve Institutional Support 

 Promote Multi-Benefit Projects 

1.5 2012 CVFPP Planning Approaches 

In addition to No Project, three fundamentally different approaches to 
flood management were initially compared to explore potential 
improvements in the Central Valley.  These approaches are not alternatives; 
rather, they bracket a range of potential actions and help explore trade-offs 
in costs, benefits, and other factors important in decision making.  The 
approaches are as follows: 

• Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

• Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 

Comparing these approaches helped identify the advantages and 
disadvantages of different combinations of management actions, and 
demonstrated opportunities to address the CVFPP goals to different 
degrees. 
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Based on this evaluation, a State Systemwide Investment Approach was 
developed that encompasses aspects of each of the approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

 
Figure 1-2.  Formulation Process for State Systemwide Investment Approach 

1.6 Report Organization 

Organization of this document is as follows: 

• Section 1 introduces and describes the purpose of this report. 

• Section 2 summarizes results and findings for the regional economic 
impact analysis. 

• Section 3 describes the methodology used in this analysis. 

• Section 4 provides complete results for the regional economic impact 
analysis. 

• Section 5 contains references for the sources cited in this document. 

• Section 6 lists abbreviations and acronyms used in this document. 
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2.0 Result Summary and Findings 
A summary of the findings of the regional economic impact analysis for the 
SSIA is presented and described below. The regional economic analysis 
assesses potential employment and industry output effects associated with 
implementation of the SSIA. Assumptions and limitations and complete 
results for the of the regional economic impact analysis are presented in 
Section 4. The SSIA will affect the regional economy in two primary ways: 

1. Implementation of the SSIA will improve flood management, resulting 
in reduced flood damages and business losses. Avoided business losses 
will result in direct, indirect, and induced employment and industry 
output effects. 

2. Construction expenditures to improve flood protection facilities in the 
Sacramento and San Joaquin river basins will stimulate regional 
economies resulting in direct, indirect, and induced employment and 
industry output effects. 

2.1 Employment Effects of State Systemwide 
Investment Approach 

Annual employment effects of the SSIA are estimated for project 
construction and avoided business losses for the Sacramento and San 
Joaquin river basins using Impact Analysis for Planning (IMPLAN)1. The 
total employment effect for each basin is the sum of the direct, indirect, and 
induced employment effects, which are defined as: 

• Direct employment: Jobs2 created in industry sector(s) of initial 
spending as a result of initial spending. 

• Indirect employment: Jobs created as a result of purchases of goods, 
services, energy, and labor from supporting industries by the industry 
sector(s) where initial spending occurred. 

• Induced employment: Jobs created when households who see increased 
income, as a result of direct and indirect employment effects, purchase 
goods and services, such as groceries and healthcare. 

                                                           
1 IMPLAN is computer-driven system of software and data commonly used to perform 

input-output based economic impact analyses. 
2 All job impacts are converted to equivalent annual full-time jobs for reporting purposes. 
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Project Construction 
Table 2-1 summarizes the estimated annual employment (equivalent annual 
full-time jobs) effects of project construction for the Sacramento and San 
Joaquin river basins, for the 2012 CVFPP SSIA low and high construction 
expenditure estimates. These values are annual statistics computed by 
IMPLAN, based on a 20-year construction period. The total employment 
effect for each basin is the sum of the direct, indirect, and induced 
employment effects for SSIA construction activities. Table 2-1 shows that 
the Sacramento River Basin would experience greater total employment 
effects than the San Joaquin River Basin. This is because of the larger 
magnitude of SSIA investments in the Sacramento River Basin compared 
to the San Joaquin River Basin, which is commensurate with population 
and assets at risk in each basin. 

Table 2-1.  Summary of Annual SSIA Project Construction1 
(20-Year Period) Employment Effects (Jobs per Year) 2, 3– Low and 
High Construction Expenditure Estimates 

Employment 
Effects 

Sacramento 
River Basin 

San Joaquin 
River Basin Total 

Low High Low High Low High 
Direct Employment 2,527 3,052 429 537 2,955 3,588 

Indirect Employment 736 888 119 149 855 1,037 

Induced Employment 1,311 1,582 204 256 1,515 1,838 

Total Employment 4,573 5,522 752 942 5,326 6,463 
Notes: 
1  Project construction expenditure estimates include FloodSAFE Early Implementation Program projects 
under construction. 
2  Annual SSIA project construction employment effects are temporary and limited to 20-year 
construction period, and are based on the low and high project construction cost estimates of $13.9 
billion and $16.9 billion (2011 dollars), respectively. Construction expenditures were uniformly distributed 
over the 20-year construction period. 
3  All jobs are converted to equivalent annual full-time jobs for reporting purposes. 

2.1.1 Avoided Business Losses 
Table 2-2 summarizes the estimated annual employment (equivalent annual 
full-time jobs) effects of avoided business losses for the Sacramento and 
San Joaquin river basins, for the 2012 CVFPP SSIA. Business losses are 
based on expected annual statistics computed by Hydrologic Engineering 
Center Flood Damage Reduction Analysis software (HEC-FDA), and 
IMPLAN. The total employment effect for each basin is the sum of the 
direct, indirect, and induced employment effects for that basin’s constituent 
impact areas related to avoided business losses expected with flood 
management improvements under the SSIA.  Table 2-2 shows that the 
Sacramento River Basin would experience greater total employment effects 
than the San Joaquin River Basin. This is because of the larger magnitude 
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of assets at risk in the Sacramento River Basin compared to the San 
Joaquin River Basin. 

Table 2-2.  Summary of Expected Annual (Long-Term Average) SSIA 
Avoided Business Loss Employment Effects (Jobs per Year) 1, 2 

Employment Effects Sacramento 
River Basin 

San Joaquin 
River Basin Total 

Direct Employment 558 6 564 
Indirect Employment 69 1 70 

Induced Employment 246 2 248 
Total Employment 873 9 882 
Notes: 
1  Expected annual SSIA avoided business loss employment effects represent temporary 
effects in a given year based on the long-term average of avoided business losses 
originating from probable flood events. A 500-year flood event in a given year would likely 
result in substantially more employment effects than displayed here, while a 10-year flood 
event would likely result in fewer employment effects. 
2  All jobs are converted to equivalent annual full-time jobs for reporting purposes. 

2.2 Industry Output Effects of State Systemwide 
Investment Approach 

Annual industry output effects of the SSIA are estimated for project 
construction and avoided business losses for the Sacramento and San 
Joaquin river basins using IMPLAN. Industry output is the monetary value 
of goods and services produced in a region, which includes the value of 
intermediate inputs (i.e., goods and services) used in the production process 
and value added. The change in total industry output for each basin is the 
sum of the direct, indirect, and induced output effects, which are defined 
as: 

• Direct output effects: industry output created in industry sector(s) of 
initial spending as a result of initial spending.  

• Indirect output effects: industry output created as a result of purchases 
of goods, services, energy, and labor from supporting industries by the 
industry sector(s) where initial spending occurred. 

• Induced output effects: industry output created when households see 
increased income as a result of direct and indirect employment creation, 
purchase goods and services, such as groceries and healthcare. 
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2.2.1 Project Construction 
Table 2-3 summarizes the estimated annual output effects of project 
construction for the Sacramento and San Joaquin river basins for the 2012 
CVFPP SSIA low and high construction expenditure estimates. These 
values are annual statistics computed by IMPLAN. The total output effect 
for each basin is the sum of the direct, indirect, and induced output effects 
for SSIA construction activities. The Sacramento River Basin would 
experience greater total economic output than the San Joaquin River Basin. 
This is because of the larger magnitude of SSIA investments in the 
Sacramento River Basin compared to the San Joaquin River Basin, 
commensurate with population and assets at risk in each basin. 

Table 2-3.  Summary of Annual SSIA Project Construction1 
(20-Year Period) Industry Output Effects (2011 Dollars, Million per 
Year)2 – Low and High Construction Expenditure Estimates 

Industry 
Output 
Effects 

Sacramento River  
Basin 

San Joaquin River  
Basin 

Total 

Low High Low High Low High 
Direct Effect $379 $458 $62 $78 $441 $535 

Indirect Effect $101 $122 $15 $19 $116 $141 

Induced Effect $167 $202 $24 $30 $191 $232 

Total Effect $647 $781 $101 $127 $748 $908 
Note: 
1  Project construction expenditure estimates include FloodSAFE Early Implementation Program 
projects under construction. 
2  Annual SSIA project construction industry output effects are temporary and limited to 20-year 
construction period, and are based on the low and high project construction cost estimates of $13.9 
billion and $16.9 billion, respectively. Construction expenditures were uniformly distributed over the 
20-year construction period. 

2.2.2 Avoided Business Losses 
Table 2-4 summarizes the estimated annual output effects of avoided 
business losses for the Sacramento and San Joaquin river basins, for the 
2012 CVFPP SSIA. These values are based on expected annual statistics 
computed by HEC-FDA and IMPLAN. The total output effect for each 
basin is the sum of the direct, indirect, and induced output effects for that 
basin’s constituent impact areas related to avoided business losses expected 
with flood management improvements and the SSIA. The Sacramento 
River Basin would experience greater total economic output than the San 
Joaquin River Basin. This is because of the larger magnitude of assets at 
risk in the Sacramento River Basin compared to the San Joaquin River 
Basin. 
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Table 2-4.  Summary of Expected Annual (Long-Term Average) SSIA 
Avoided Business Loss Industry Output Effects (2011 Dollars, 
Million per Year) 1 

Industry Output Effects Sacramento 
River Basin 

San Joaquin 
River Basin Total 

Direct Effect $61 $0.64 $62  
Indirect Effect $10 $0.12 $10  
Induced Effect $32 $0.26 $32  
Total Effect $103 $1.03 $104  
Note: 
1  Expected annual SSIA avoided business loss industry output effects represent temporary 
effects in a given year based on the long-term average of avoided business losses 
originating from probable flood events. A 500-year flood event in a given year would likely 
result in substantially more employment effects than displayed here, while a 10-year flood 
event would likely result in fewer employment effects. 
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3.0 Methodology 
This regional economic impact analysis estimates the effects of the 
proposed flood management improvements on regional economic activity, 
specifically employment and industry output. This section describes the 
regional economic impact analysis methodology and its application to the 
2012 CVFPP, which was guided by the following documents: 

• DWR. 2008. Economic Analysis Guidebook 

• U.S. Army Corp of Engineers (USACE). 1983. Economic and 
Environmental Principles and Guidelines for Water and Related Land 
Resources Implementation Studies 

• USACE. 2000. Planning Guidance Notebook 

• USACE. 2011. Regional Economic Development Procedures 
Handbook 

3.1 Economic Impact Analysis with Input-Output 
Modeling 

Various approaches have historically been used to assess the effect a 
change in production or expenditure will have on a region’s economy.  The 
most common approach has arguably been the use of input-output (I-O) 
models.  The use of I-O models in economic impact analyses has increased 
dramatically with the advent of ready-made regional models.  Ready-made 
models reduce both the time and cost of using I-O models for economic 
input assessment. 

3.1.1 Concept 
I-O analysis represents a means of measuring the flow of commodities and 
services among industries, institutions, and final consumers within an 
economy (or study area). An I-O model uses a matrix representation of a 
region’s economy to predict the effect that changes in one industry will 
have on others as well as consumers, government, and foreign suppliers in 
the economy.  I-O models capture all monetary market transactions in an 
economy, accounting for inter-industry linkages and availability of 
regionally produced goods and services. The resulting mathematical 
formulas allow I-O models to simulate or predict the economic impacts of a 

http://en.wikipedia.org/wiki/Matrix_(mathematics)
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change in one or several economic activities on an entire economy. It is a 
static, linear model of all purchases and sales, or linkages, between sectors 
of an economy. 

The measurement of linkages within a regional economy is based on the 
concept of a multiplier. A multiplier is a single number that quantifies the 
total economic effect resulting from initial spending, or output in a sector. 
For example, an output multiplier of 1.7 for the “widget” production sector 
indicates that every $100,000 of widgets produced (the initial spending, or 
output in this industry) supports a total of $170,000 in business sales 
throughout the economy (total output of all linked industries), including the 
initial $100,000 in widget output. Many types of multipliers can be 
produced by an I-O model, including specific multipliers for estimating 
impacts on industry output, employment, and value added – the main 
metrics of I-O analysis results. Each of these metrics is defined and 
described below. 

• Industry output is the value of goods and services produced in a 
region, which includes the value of intermediate inputs (i.e., goods and 
services) used in the production process and value added. Intermediate 
inputs may or may not originate from a region. For example, direct 
industry output for construction refers to the value of construction, 
although some of the intermediate inputs used in the construction 
process may be imported into the region. 

• Value added is the difference between industry output and the cost of 
intermediate inputs, and consists of four components (1) employee 
compensation, (2) proprietor income, (3) other property income, and 
(4) indirect business tax. Labor income represents the sum of employee 
compensation and proprietor income. 

• Employment is measured by the number of equivalent annual full-time 
jobs. One annual job is equivalent to one person being employed during 
a single year. One person being employed for 5 years is equal to five 
equivalent annual full-time jobs. Estimated changes in employment are 
tied to economic relationships between industry output and labor 
productivity, regardless of availability and fluidity in the local labor 
force. 

Components of industry output are displayed in Figure 3-1. 
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Figure 3-1.  Components of Industry Output 

3.1.2 I-O Modeling Limitations 
While I-O models are useful in providing ballpark estimates of very short-
run responses to changes in production/expenditures, their key limitations 
are linearity, absence of behavioral considerations, absence of markets and 
prices, and lack of formal constraints. 

The limitations of I-O models are also the key advantages of Computable 
General Equilibrium (CGE) modeling.  A CGE model is a nonlinear model 
of individual behavioral response to price signals, subject to labor, capital, 
and natural resources constraints (Rose, 2006). These advantages come 
with increased modeling complexity, much greater data needs, and time 
resources for operation.  Therefore, while the use of CGE modeling is 
increasing, resource and data constraints make its use impractical at the 
multi-region level, and the use of I-O modeling is a practical choice for a 
large study area. 

3.1.3 I-O Model Selection for 2012 CVFPP  
In the United States, the three most widely used ready-made models are the 
IMPLAN3 model initially produced by the U.S. Department of Agriculture 
Forest Service, the REMI model produced by Regional Economic Models 
Inc., and the RIMS II model developed by the U.S. Department of 
Commerce, Bureau of Economic Analysis (BEA). The REMI model is 
dynamic and the most flexible, but requires detailed data that are 
prohibitive for high-level systemwide assessments. RIMS II has a relatively 
less data requirement but is not as flexible, which limits its use for more 
detailed analysis over a long study period. Given the limitations of REMI 

                                                           
3 The current IMPLAN I-O database and model are maintained and sold by Minnesota 

IMPLAN Group (MIG Inc.). 
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and RIMS II, IMPLAN was selected to model regional economic effects 
associated with the SSIA. 

3.1.4 IMPLAN 
IMPLAN (a computer-driven system of software and data commonly used 
to perform I-O based economic impact analysis) regional multipliers were 
used to assess the regional economic impacts associated with the CVFPP. 
The economic data needed to construct the central I-O table are extracted 
from various sources generated by the Department of Commerce, the 
Bureau of Labor Statistics, and other federal and State agencies. 

Data are collected for 528 distinct industry sectors of the national economy, 
commonly known as North American Industry Classification (NAICS) 
(formerly Standard Industry Codes (SIC)). Industry sectors are classified 
on the basis of the primary commodity or service produced. National data 
are de-aggregated to produce data sets for each county in the United States, 
allowing analysis at the county level and for geographic aggregations such 
as clusters of contiguous counties, states, or groups of states. 

IMPLAN predicts changes in industry output, value added, and 
employment as direct, indirect, and induced economic effects for affected 
industries within the study area, where: 

Total Effects = Direct Effects + Indirect Effects + Induced Effects 

• Direct Economic Effects refer to the response of a given industry (i.e., 
changes in output, income, and employment) based on final demand for 
that industry. 

• Indirect Effects refer to changes in output, income, and employment 
resulting from the iterations of industries purchasing from other 
industries caused by the direct economic effects. 

• Induced Economic Effects refer to changes in output, income, and 
employment caused by the expenditures associated with changes in 
household income generated by direct and indirect economic effects. 

For this study, the 2009 California State IMPLAN dataset was used in the 
analysis, and no adjustments were made to the regional data (Minnesota 
IMPLAN Group, 2009). 
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3.2 Regional Economic Analysis for the 2012 
CVFPP 

The regional economic analysis for the 2012 CVFPP is focused on the 
effects of the SSIA. The SSIA is likely to affect the regional economy in 
two primary ways: (1) proposed flood management improvement will 
reduce business losses, and (2) improvements to flood protection facilities 
will introduce construction expenditure in the regional economy. 

Most of these regional economic effects resulting from the implementation 
of the SSIA will occur within the counties (shown in Table 3-1) where the 
impact areas targeted by the proposed flood management improvements are 
located. These impact areas are the HEC-FDA zones used to estimate direct 
flood damages, which is documented in Attachment 8F: Flood Damage 
Analysis. The affected counties are grouped into four impact analysis 
regions based primarily on the location of major urban centers and county 
boundaries (see Figure 3-2). The four impact analysis regions are: Upper 
Sacramento, Lower Sacramento, Lower San Joaquin, and Upper San 
Joaquin. 

Specific I-O regional economic models were developed within IMPLAN to 
assess regional economic impacts associated with each of these four 
regions to assess effects of the avoided business losses under the SSIA, and 
project construction expenditure. For each region, IMPLAN estimates 
direct, indirect, and induced employment (equivalent annual full-time jobs) 
and industry output (2011 dollars) impacts expected with implementation 
of the SSIA. 

Figure 3-3 displays the relationship of flood damage analyses and the 
project construction cost estimate to this regional economic impact 
analysis. Flood damage analysis estimates structure and content damage, 
agricultural crop damages, and business income loss (documented in 
Attachment 8F: Flood Damage Analysis), and life loss potential 
(documented in Attachment 8G: Life Risk Analysis). SSIA construction 
costs are detailed in Attachment 8J: Designs and Costs. Expected annual 
avoided business losses were used in this analysis to estimate regional 
economic effects of the SSIA. Regional economic effects related to 
structure and content damages, and agricultural production damages were 
not quantified in this analysis, as discussed below. Estimation of regional 
economic effects related to life loss potential is not in the scope of this 
analysis. 
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Table 3-1.  Regional Economic Analysis Regions, Counties, and 
Impact Areas 

Regional 
Economic Impact 
Analysis Regions 

Counties HEC-FDA* Impact Areas 

Upper 
Sacramento 

Tehama SAC-02 

Glenn SAC-03, SAC-04, SAC-06 

Butte SAC-01, SAC-05, SAC-20, SAC-18 

Colusa SAC-07, SAC-09, SAC-08, SAC-10 

Sutter SAC-11, SAC-21, SAC-22, SAC-24, SAC-25, SAC-
30, SAC-32, SAC-33, SAC-34 

Yuba SAC-23, SAC-26, SAC-27, SAC-28, SAC-29 

Lower 
Sacramento 

Yolo 
SAC-12, SAC-13, SAC-14, SAC-15, SAC-16, SAC-
17, SAC-35, SAC-38, SAC-39, SAC-41, SAC-42, 
SAC-43, SAC-46 

Sacramento 
SAC-36, SAC-37, SAC-40, SAC-44, SAC-45, SAC-
47, SAC-48, SAC-49, SAC-50, SAC-51, SAC-52, 
SAC-53, SAC-54, SAC-57, SAC-58, SAC-63 

Solano SAC-55, SAC-56, SAC-59, SAC-60, SAC-61, SAC-62 

Lower San 
Joaquin 

San 
Joaquin 

SJ-28, SJ-29, SJ-30, SJ-31, SJ-32, SJ-33, SJ-34, SJ-
35, SJ-36, SJ-37, SJ-38, SJ-39, SJ-40, SJ-41, SJ-42, 
STK-01, STK-06, STK-07, STK-08, STK-09 

Upper San 
Joaquin 

Stanislaus SJ-21, SJ-22, SJ-23, SJ-24, SJ-25, SJ-26, SJ-27, SJ-
43 

Merced SJ-09, SJ-10, SJ-14, SJ-15, SJ-16, SJ-17, SJ-18, SJ-
19, SJ-20 

Fresno SJ-01, SJ-02, SJ-03, SJ-04, SJ-07, SJ-08 

Madera SJ-05, SJ-06, SJ-11, SJ-12, SJ-13 
Note: 
*Hydrologic Engineering Center Flood Damage Reduction Analysis software program 
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Figure 3-2.  Regional Economic Impact Analysis Regions 
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Figure 3-3.  Economic Analysis Diagram
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3.3 Economic Effects of Project Construction 

Preliminary construction cost estimates for the SSIA have been completed 
for the CVFPP, and documented in Attachment 8J: Designs and Costs. 
Construction expenditures related to the SSIA are expected to take place 
over 20 years. Construction expenditures will primarily and most directly 
benefit each regional economic impact analysis region’s construction 
sectors. The magnitude of the project’s economic impact, within a region, 
is determined by (1) out-of-region investment; (2) the proportion of the 
work performed and the resulting labor, equipment, and materials that 
originate from within each region. Spending is assumed to benefit the 
businesses and residents in the region where the spending occurs if funding 
is from outside the region. It is likely that some direct spending could “leak 
out” of the region and be used to acquire labor, equipment, or materials 
from another region, thus benefiting the economy in that other region. For 
this analysis, it is assumed that such leakages are insignificant. 

In addition, direct spending will generate indirect and induced economic 
impacts on other sectors of the region’s economy. The nature of out-of-
region investment; direct, indirect, and induced economic effects; and the 
approach used to quantify each effect and their magnitude are discussed 
below. 

3.3.1 Out-of-Region Investment 
Development of the SSIA will require substantial capital investment costs 
both during the construction period and over the project’s subsequent life 
and repayment period. The origin of the funding for both the capital 
investment and subsequent repayment will affect the extent that future 
construction and operation of the SSIA project will represent net new 
spending to the region. SSIA implementation projects assumed the local or 
regional funded share of the construction cost would be approximately 8 
percent, with the State and federal government paying for the remaining 46 
and 46 percent, respectively. This cost share was used in the analysis. 

Construction paid for by the local or regional cost share would not 
represent any net new economic activity for the region since there would be 
a corresponding and likely offsetting decrease in economic activity. The 
positive effects of local increased spending to the region’s construction 
sector will be offset by reduced spending elsewhere within the local 
economy that would otherwise have occurred if that money was not used 
for SSIA project construction. However, the out of region, State and 
federally funded portions of the project’s construction cost would represent 
new spending and income for the region’s economy. 
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3.3.2 Direct Impacts 
The SSIA cost estimate, provided in Attachment 8J: Designs and Costs, 
includes two types of costs, (1) “field” costs (i.e., onsite construction 
spending) and, (2) “non-field costs” (i.e., “soft” costs for offsite project 
development and implementation as well as project-related land and 
mitigation costs). Both types of costs are evenly distributed over a 20-year 
construction period by region. The annualized construction cost estimates 
(by region) were used in IMPLAN to determine the direct, indirect, and 
induced economic effects of the project construction activity on 
employment and output. 

The initial direct spending in a region related to each of these types of costs 
is considered the direct economic impact, which has employment and 
output effects tied to it. The source of funding for project construction costs 
has key importance in determining the magnitude of economic impacts. 

Field Costs  
The project’s field costs can be expected to represent a major direct 
regional economic effect of the project construction. Field costs consist of 
onsite construction expenditures for materials, equipment, and labor. 

For the purposes of this regional economic impact analysis it is assumed 
that all of the project’s field cost spending will be performed with material, 
equipment, and labor sourced from within the same region that the 
construction activity is located. In other words, the regional economic 
impact analysis assumes that there is no significant leakage of field cost 
construction-related spending out of each region’s economy. Full field-
costs in each regional economic impact analysis region are considered 
direct new spending, before consideration of out-of-region investment. 

This assumption is considered practical for several reasons. First, the nature 
of the levee construction and improvement work is relatively 
straightforward and would not require skills, materials, or equipment that 
would necessarily need to be imported from outside the county-based 
regional economic impact analysis regions. Second, each of the county-
based regional economic impact analysis regions is relatively large and 
therefore expected to have sufficient quantities of construction labor, 
materials, and equipment to meet the project’s needs. 
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Field- costs for labor, materials and equipment were input into the  
three – digit NAICS4 aggregated IMPLAN sector Construction (IMPLAN 
Code 34), as this sector was determined to be most representative of the 
construction work necessary for the flood management improvement and 
environmental mitigation work. 

Non-Field Costs 
In addition to the project’s field cost, non-field costs are expected to also 
contribute new economic activity to the regions’ economies. Non-field 
costs include the various technical work necessary for project design and 
construction (i.e., legal services, environmental compliance, engineering, 
design, and construction management). Most of this technical work can be 
performed off site and, given the SSIA’s magnitude and complexity, will 
require specialized technical skills. Environmental mitigation, cultural 
resource mitigation, and land acquisition or easement right-of-way 
purchases are also considered non-field costs for the SSIA cost estimate, 
and were dealt with differently from legal service, environmental 
compliance, engineering, design, and construction management costs. 

As most of the technical work for non-field costs for legal services, 
environmental compliance, engineering, design, and construction 
management can be performed off site and requires specialized technical 
skills, it is likely that not all non-field-cost-related spending would occur in 
each regional economic impact analysis region. Consequently, it is 
assumed that approximately half of this technical work would likely be 
performed by government agencies or private firms located outside the 
region, or leaked to areas outside the four regional economic impact 
analysis regions. The other half is assumed to be performed by the 
specialized government agencies and private businesses located near the 
California State Capitol, Sacramento, and within the Lower Sacramento 
regional economic impact region. Half of non-field costs for legal services, 
environmental compliance, engineering, design, and construction 
management expected for each regional economic impact analysis region 
are attributed as the direct effect to the Lower Sacramento regional 
economic impact region. 

A portion of the environmental mitigation-related spending may occur 
within each regional economic impact analysis region. Land improvements 
are expected for environmental mitigation that will likely involve similar 
construction activities as those necessary for levee improvements and 
setbacks. For this reason, half of environmental mitigation costs were 
                                                           
4 NAICS is the North American Industry Classification System and is the standard used by 

federal statistical agencies in classifying business establishments for the purpose of 
collecting, analyzing, and publishing statistical data related to the U.S. business 
economy. 
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assumed to be treated as field costs, and as a direct effect to occur within 
the regional economic impact analysis region that the environmental 
mitigation takes place. 

Cultural resource mitigation costs likely require specialized skills and are 
small in proportion of the overall SSIA cost estimate for each regional 
economic impact analysis region. Considering the small magnitude of the 
cultural resource mitigation cost, no direct effect of cultural resource 
mitigation, or indirect and induced effects were quantified. 

Land acquisition and easement right-of-way purchases are other non-field 
cost items. Payments for land purchases or right of ways generally 
represent monetary reallocation that may or may not result in any new 
spending within the region. Payments to property owners living outside the 
region will be highly unlikely to increase their spending within the region. 
Even landowners living within the region may be likely to reinvest new 
income from any land or easement sales and consequently this would be a 
transfer within the region and not result in any substantial new spending 
within the region. Consequently, for the purposes of the regional economic 
impact analysis, it is conservatively assumed that none of the land 
acquisition and easement spending would result in direct regional economic 
impact effects. 

Project spending for non-field costs, or offsite construction-related 
spending (i.e., legal services, environmental compliance, engineering, 
design, and construction management), was attributed solely to the Lower 
Sacramento regional economic impact region and input into the three-digit 
NAICS aggregated IMPLAN sector, Professional, Scientific and 
Technological Services (IMPLAN Code 367). 

3.3.3 Indirect and Induced Impacts 
IMPLAN estimated the total regional economic response of SSIA project 
construction using the 2009 IMPLAN California counties dataset. A matrix 
representation of a region’s economy was used to predict the effect of 
changes in one industry on others (indirect effect) and changes in 
household income (induced effect) through multipliers, taking into account 
inter-industry linkages and leakages outside the region. Indirect and 
induced impacts of project construction on employment and output related 
to the SSIA were estimated. The results of the project construction analysis 
are presented in Section 4. 

http://en.wikipedia.org/wiki/Matrix_(mathematics)
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3.4 Economic Effects of Flood Damage 
Reduction  

Several types of potential direct flood-related economic impacts were 
estimated in Attachment 8F: Flood Damage Analysis, based on the known 
condition of the regions’ flood damage reduction facilities and expected 
conditions related to flood management improvements under the SSIA. 
Given the type and location of existing structures and agricultural 
commodities within the floodplain, and expected hydrological and physical 
factors, the extent and incidence of the future flood conditions were applied 
to determine: 

• Physical damages to structures and contents 

• Physical damages to agricultural production and commodities 

• Business income losses from flood-related operating disruptions 

In these three cases, the benefit of the project stems from the avoidance of 
each flood-related damage. Each of the above avoided direct flood-related 
damages may result in indirect and induced effects throughout each 
regional economy. 

For this regional economic impact analysis, indirect and induced economic 
effects were not quantified for avoided content and structure, and 
agricultural production damages, as well as avoided loss of life. These 
effects may be considered in future State basin-wide feasibility studies and  
to support regional planning activities. Only avoided potential business 
losses indirect, and induced effects on employment and output were 
quantified. Regional economic impacts associated with avoided potential 
structure and content damages, agricultural production and commodity 
damages, and loss of business production are described below. 

3.4.1 Avoided Structure and Content Damages 
Conceptually, assuming no flood insurance, estimated structural and 
content damages can also be viewed as an adverse income effect for those 
local households and other property owners incurring damages. The 
rationale is that flood damages can either be considered a reduction in net 
worth if property is not replaced or repaired, thereby affecting spending 
patterns; or, if property owners pay to repair or replace the damaged 
property, this increased property cost represents a net loss in discretionary 
income available to purchase new goods and services. This reduction in 
discretionary income, in turn, would have regional economic effects due to 
associated decreased spending in the local economy. 
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The adverse income effects described above cannot be considered distinctly 
from reconstruction efforts that would inject substantial money into the 
local economy. It is likely that most home and property owners would seek 
to reconstruct and/or replace their damaged items, such as automobiles, 
furniture, and business supplies. Expenditures on reconstruction efforts 
would induce significant spending in the local economy, thereby 
stimulating regional economic activity. Conceptually, these effects would 
serve to offset a portion of the adverse income effects described above. 
Further, if damages were covered by homeowner and other property 
insurance, then it is likely that new money from outside the region would 
be available to make repairs and replace damaged property, resulting in 
economic benefits to the region. 

In order to estimate regional economic effects of reconstruction and 
replacement, the extent of avoided reconstruction/replacement would be 
based on two key factors, listed below. For the 2012 CVFPP, available 
information did not support this detailed analysis. 

1. Insurance coverage and availability of public assistance to 
reconstruct damaged structures or replace contents – Spending of 
owners’ equity and /or future income for uninsured 
reconstruction/replacement is a transfer of spending between sectors in 
a regional economy and would result in no significant regional 
economic impacts. The insured, or eligible for public assistance, 
portion of the damages determines the proportion of spending to 
reconstruct/replace that will be paid for with new money coming into 
the region; therefore, resulting in a positive regional economic impact 
due to reconstruction/replacement after flooding. To determine the 
extent of reconstruction/replacement, it is necessary to estimate the 
portion of this spending originating from insurance coverage or public 
assistance. 

2. Portion of residents that are permanently displaced or that relocate 
out of the region – Residents that experience flood damages to their 
property may be permanently displaced or may choose to relocate out 
of the flood-prone region. If residents are permanently displaced or 
relocate out of the region, then reconstruction of structures and 
replacement of contents will not take place in the region in which the 
flood damages were experienced. To determine the extent of 
reconstruction/replacement, it is necessary to determine the portion of 
residents that are permanently displaced or that relocate out of the 
region. 

The estimation of the effect of avoided structure and content damages 
requires detailed information on these two factors in order to accurately 
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estimate the potentially offsetting nature of these damage and 
reconstruction and replacement effects. For the 2012 CVFPP, available 
information did not support this detailed analysis. These analyses may be 
completed for future State basin-wide feasibility studies to support regional 
planning activities. 

3.4.2 Avoided Agricultural Production and Commodity 
Damages 

Avoided agricultural production and commodity damages, which represent 
an avoided loss of agricultural output within a region, are a direct economic 
effect to the region. This direct economic effect in agricultural production 
has a multiplier effect throughout the regional economy impacting jobs and 
output in other related processing and transportation sectors. This analysis 
did not estimate the regional effects of the agricultural production damages, 
because the value of avoided potential damages in the agricultural sector is 
small relative to potential structural and content damages and business 
losses. 

3.4.3 Avoided Loss of Business Production 
The focus of the quantitative component of the regional economic impact 
analysis for flood damage reduction is on the potential regional economic 
losses associated with decreased business activity caused by flooding. 
Flooding in the Central Valley region would force some local businesses 
located in the floodplain to temporarily or permanently close, resulting in a 
decline in business production, which would have adverse ripple effects 
throughout the regional economy. No permanent business closures were 
considered in this analysis because detailed information and analyses to 
understand the proportion of businesses to permanently close were not 
available. The avoided business losses are based on estimated periods of 
business interruption as a result of flooding, and relationships between 
these businesses and total economic production in the study area. Business 
losses were estimated for each impact area and are documented in 
Attachment 8F: Flood Damage Analysis. 

Direct, indirect, and induced effects of avoided business losses were 
quantified using IMPLAN, based on the distribution of business losses 
among business types. This analysis was conducted by identifying losses to 
specific sectors of the economy and using IMPLAN to estimate how those 
losses impact the rest of the regional economy. 

Direct Impacts 
To estimate the direct impact of avoided business losses related to the 
SSIA, avoided business losses were aggregated by regional economic 
impact analysis region and input into each regional IMPLAN model as 
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local direct industry effects, based on the estimated distribution of business 
losses. Regional avoided business losses were input into IMPLAN sectors 
based on estimated proportions of expected annual business losses for each 
of three-digit NAICS aggregated IMPLAN sectors. These proportions are 
listed in Table 3-2, and were developed by assessing the distribution of 
business losses for five flood frequencies (i.e. 10-, 50-, 100-, 200, and 500-
year events) for the Sacramento and San Joaquin river basins separately. 

Table 3-2.  Proportions of Avoided Business Loss for Aggregated 
IMPLAN Economic Sectors 

Three-Digit NAICS1 
Aggregated Sectors 

IMPLAN 
Code 

Flood Damage 
Analysis 

Occupancy 
Type(s) 

Description2 

Lower & 
Upper 

Sacramento 
Regions 

Lower & 
Upper San 

Joaquin 
Regions 

Government and Non-
NAICS  427 

Government and 
Miscellaneous 

Public Structures 
40% 20% 

Professional – Scientific & 
Technical Services  367 Office Structures 25% 35% 

Electrical Equipment and 
Appliances  259 Light Industrial 

Structures 15% 25% 

Miscellaneous Retailers  330 
Retail and 

Miscellaneous 
Structures 

5% 5% 

Repair and Maintenance  414 Auto Service 
Structures 5% 5% 

Warehousing and Storage  340 

Warehouse and 
Miscellaneous 

Industrial 
Structures 

5% - 

Fabricated Metal 
Production  181 

Heavy 
Manufacturing 

Structures 
5% 5% 

Food Services and 
Drinking Places 413 

Restaurant and 
Fast Food 
Restaurant 
Structures 

- 5% 

TOTAL 100% 100% 

Notes: 
1  NAICS is the North American Industry Classification System and is the standard used by federal 
statistical agencies in classifying business establishments for the purpose of collecting, analyzing, and 
publishing statistical data related to the U.S. business economy. 
2  Business losses were estimated for non-residential structures. The occupancy type(s) descriptions 
listed here represent the type of commercial, industrial, and public structures that expected business 
losses were estimated for. See Attachment 8F: Flood Damage Analysis for details.  

Indirect and Induced Impacts 
The total regional economic effects of avoided business production losses 
under the SSIA were estimated using the 2009 IMPLAN California 
counties dataset. A matrix representation of a region’s economy was used 
to predict the effect of changes in one industry on others (indirect effect) 
and changes in household income (induced effect) through multipliers. 

http://en.wikipedia.org/wiki/Matrix_(mathematics)
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Indirect and induced impacts of avoided business losses on employment 
and industry output related to the SSIA were estimated and presented in 
Section 4. 

3.5 Other Potential Regional Economic Impact 
Effects 

In addition to effects associated with project construction and avoided 
business losses, numerous other regional economic effects will occur (e.g., 
property values, fiscal impacts on municipalities, and regional economic 
competitiveness and diversity). However, these effects are only described 
qualitatively in this attachment because of the limitation of available 
information to support these detailed analyses. In addition, some of these 
effects have relatively minor magnitude of effects compared to project 
construction and avoided business losses. These other effects are discussed 
in Section 5. 

  



2012 Central Valley Flood Protection Plan 
Attachment 8H: Regional Economic Analysis 

3-18 January 2012 
 Public Draft 

 

This page left blank intentionally. 
 



 4.0 Results and Discussion 

January 2012 4-1 
Public Draft 

4.0 Results and Discussion 
This section presents the results of the regional economic impact analysis 
for the SSIA. The regional economic impact results are organized into two 
components, corresponding to unique economic effects anticipated under 
the SSIA: (1) effects of project construction expenditure, and (2) avoided 
business losses. 

4.1 Economic Effects of Project Construction 

Implementation of the proposed SSIA would result in substantial 
construction-related expenditures and generate demand for construction 
labor and support services, which would provide temporary short-term 
benefits to each regional economy. Expenditures on construction goods, 
materials, and equipment that are made within a region would generate 
additional economic benefits as spending ripples through the local 
economy via inter-industry linkages. In addition, SSIA project 
implementation would support a substantial construction labor force hired 
to physically construct projects in each region, as well as a professional and 
technical labor force, to provide design, construction management, and 
oversight services. 

4.1.1 SSIA Construction Cost Estimates 
The estimated total cost for the SSIA is approximately $13.9 billion to 
$16.9 billion (2011 dollars), documented in Attachment 8J: Designs and 
Costs. Of this total, it is estimated that $6.7 billion to $8.1 billion would be 
for field costs and $7.3 billion to $8.8 billion for non-field costs. 
Implementation of the SSIA is expected to take place over a 20-year 
construction period. These construction parameters represent the direct 
project construction effects of the SSIA. IMPLAN was used to generate 
annual estimates of the regions’ economic responses to proposed 
construction activities. 

The total direct effects of project construction were translated into uniform 
annual values across the 20-year construction period for each region. The 
estimated annual values for the low and high estimates represent the direct 
inputs into each IMPLAN model developed for Lower and Upper 
Sacramento and Lower and Upper San Joaquin regional economic impact 
analysis regions. Table 4-1 displays low and high estimates total 
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construction costs, and related annual field and non-field cost inputs into 
IMPLAN by region. 

Table 4-1.  SSIA Project Construction Expenditure1 (2011 
Dollar, Millions) and Annual2 (20-Year Period) IMPLAN Inputs – 
Low and High Construction Expenditure Estimates 

Regional 
Economic 

Impact Analysis 
Regions 

Low and 
High 

Construction 
Expenditure 

Estimate 

Construction Activity Costs 

Total 
Cost3 

Annual 
Field 
Cost 

Annual 
Non-Field4 

Cost 

Upper 
Sacramento 

Low $4,380 $109 $ - 

High $5,350 $133 $ - 

Lower 
Sacramento 

Low $7,160 $193 $77 

High $8,560 $230 $94 

Lower San 
Joaquin 

Low $1,310 $29 $ - 

High $1,670 $38 $ - 

Upper San 
Joaquin 

Low $1,080 $33 $ - 

High $1,330 $40 $ - 

Total Regional 
Economic 

Impact Study 
Area 

Low $13,930 $364 $77 

High $16,910 $441 $94 

Notes: 
1  Project construction expenditure estimates include FloodSAFE Early Implementation 
Program projects under construction. 
2  Annual field and non-field costs are evenly distributed over the 20-year construction 
period and represent new money to each region based on the State and federal cost share, 
with 8 percent locally funded construction costs excluded. 
 3  Total cost is the basis for annualized field and non-field costs and are not direct inputs 
into IMPLAN. 
4  Non-field costs, or costs for professional and technical services, were assumed to 
primarily be spent in the Lower Sacramento region due to concentration of professional, 
technical, and government services within the region and assumed capacity to meet 
construction activity demand relative to other regional economic impact analysis regions. 

4.1.2 Employment and Industry Output Effects  
A summary of the regional economic impacts of project construction is 
presented in Table 4-2. The values reported for industry output, value-
added, and labor income represent monetary impacts and are reported in 
2011 dollars. Because output incorporates the value of goods and materials 
used in the production process, it does not reflect the net economic value to 
the region. More pertinent to each region is the value added by local 
workers and businesses in the form of labor earnings, other property 
income, and indirect business taxes. Employment impacts represent the 
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change in the number of equivalent annual full-time jobs in each region. 
Figures 4-1 and 4-2 display employment and industry output effects, by 
regional economic impact analysis region, for the high construction 
expenditure estimate. Table 4-3 displays total industry output effects for the 
high and low construction expenditure estimates as a percentage of total 
regional output by region. 

The results of the regional economic analysis show positive economic 
impacts for each region during project construction. During construction, 
the industries that would primarily benefit from construction activities 
would be the local construction industry, as well as those industries 
providing construction goods and materials. Construction suppliers, such as 
building stores, concrete/cement plants, and heavy equipment 
manufacturing, would realize many of the indirect construction benefits 
generated by the project. Purchases by local workers would also generate 
induced benefits to local retailers, such as gas stations, food stores, 
restaurants, and hotels/motels. 
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Table 4-2.  Summary of Annual SSIA Project Construction1, 2 (20-Year Period) Employment and 
Industry Output (2011 Dollars, Million per Year) Effects – Low and High Construction 
Expenditure Estimates 

Regional 
Economic 

Impact 
Analysis 
Regions 

Economic 
Effect 

Employment Industry Output6 

Jobs3 Labor Income4 Value Added5 Total Output 
Low High Low High Low High Low High 

Upper 
Sacramento 

Direct Effect 764 933  $44  $54  $52  $63  $109  $133  
Indirect Effect 189 230  $9  $10  $13  $16  $22  $27  
Induced Effect 311 380  $13  $16  $22  $27  $36  $44  
Total Effect 1,263 1,543  $65  $80  $87  $107  $167  $204  

Lower 
Sacramento 

Direct Effect 1,763 2,119  $127  $152  $148  $178  $270  $324  
Indirect Effect 547  658  $30  $37  $47  $57  $79  $95  
Induced Effect 1,000 1,202  $48  $58  $85  $102  $131  $158  
Total Effect 3,310 3,978  $205  $247  $280  $337  $480  $577  

Lower San 
Joaquin 

Direct Effect 199 254  $12  $15  $14  $18  $29  $38  
Indirect Effect 54 69  $3  $3  $4  $5  $7  $9  
Induced Effect 98 125  $4  $5  $7  $9  $12  $15  
Total Effect 352 448  $19  $24  $26  $33  $48  $61  

Upper San 
Joaquin 

Direct Effect 230 283  $13  $16  $16  $19  $33  $40  
Indirect Effect 65 80  $3  $4  $5  $6  $8  $10  
Induced Effect 106 130  $4  $5  $8  $9  $12  $15  
Total Effect 401 494  $21  $25  $28  $35  $53  $65  

Regional 
Economic 

Impact Study 
Area 

Direct Effect 2,955 3,588  $196  $238  $230  $279  $441  $535  
Indirect Effect 855 1,037  $45  $54  $69  $84  $116  $141  
Induced Effect 1,515 1,838  $70  $84  $122  $148  $191  $232  
Total Effect 5,326 6,463  $310  $376  $421  $511  $748  $908  

Notes: 
1  Project construction expenditure estimates include FloodSAFE Early Implementation Program projects under construction. 
2  Annual SSIA project construction industry employment and output effects are temporary and limited to 20-year construction period. 
3  Jobs are equivalent annual full-time jobs. One annual job is equivalent to one person being employed during a single year. One 
person being employed for 5 years is equal to five equivalent annual full-time jobs. 
4  Labor income represents the sum of employment income, including employee compensation (wages and benefits), and proprietor 
income. 
5  Value added is the difference between industry total output and the cost of intermediate inputs, and consists of four components – 
employee compensation, proprietor income, other property income, and indirect business tax. 
6  Output represents the total value of industry production. 
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Figure 4-1.  Annual Employment Effects of SSIA Project Construction 
Expenditure – High Estimate (20-Year Period) 

 
Figure 4-2.  Annual Industry Output (2011 Dollars, Million per Year) 
Effects of SSIA Project Construction Expenditure – High Estimate 
(20-Year Period) 
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Table 4-3.  Summary of Annual SSIA Project Construction1 Industry Output Total Effect2 
as Percentage of Total Regional Output3 – Low and High Construction Expenditure 
Estimates (2011 Dollars, Million per Year) 

Regional 
Economic 

Impact 
Analysis 
Regions 

Low High 
Construction 
Expenditure  
Output Effect 
(Total Effect2) 

Percentage of 
Total Regional 

Output3 

Construction 
Expenditure  

Output Effect 
(Total Effect2) 

Percentage of 
Total Regional 

Output3 

Upper 
Sacramento $167 0.66% $204 0.80% 

Lower 
Sacramento $480 0.34% $577 0.41% 

Lower San 
Joaquin $48 0.13% $61 0.16% 

Upper San 
Joaquin $53 0.05% $65 0.06% 

Regional 
Economic Impact 

Study Area 
$748 0.24% $908 0.29% 

Notes: 
1  Project construction expenditure estimates include FloodSAFE Early Implementation Program projects under 
construction. 
2  Total effect is the sum of direct, indirect, and induced effects. 
3  Total regional output is based on 2009 California county IMPLAN dataset. 

4.2 Economic Effects of Avoided Business 
Interruption 

Flooding in commercial and industrial areas, as well as government 
centers, would force businesses to temporarily (and possibly permanently) 
discontinue operations. At a minimum, businesses would not be able to 
operate until structures have been dewatered, and health and safety 
inspections allow normal business operations to resume. The resumption of 
business activity would also be tied to the return of households to the local 
area, particularly for retail and other population-serving industries. 

4.2.1 Annual Expected Avoided Business Loss 
From a regional perspective, not all business production subject to flooding 
would be lost. Some portion of lost business production would simply be 
transferred to other parts of the study area; however, businesses that are not 
subject to flooding do not have unlimited capacity, and in fact, are limited 
by available labor and infrastructure. The analysis of potential business 
production impacts takes into account both business interruption and 
substitute production effects. A detailed description of the process and 
assumptions used to estimate direct business production impacts is outlined 
in Attachment 8F: Flood Damage Analysis. Table 4-4 displays avoided 
business losses by analysis region. 
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Table 4-4.  SSIA Expected Annual (Long-Term Average) Avoided 
Business Losses1, 2 (2011 Dollars, Million per Year) by Regional 
Economic Impact Analysis Regions 

Regional Economic 
Impact Analysis 

Regions 

Expected Annual 
Avoided Business 

Losses1 

Upper  
Sacramento $10.93 

Lower  
Sacramento $50.13 

Lower  
San Joaquin $0.60 

Upper  
San Joaquin $0.04 

Total Regional 
Economic Impact   

Study Area 
$61.70 

Note: 
1  Expected annual avoided business losses were estimated in 
Attachment 8F: Flood Damage Analysis by impact areas and were 
then aggregated by regional economic impact areas. 
2  Expected annual avoided business losses estimated in 
Attachment 8F: Flood Damage Analysis were adjusted to 2011 
price levels using Consumer Price Index: All Urban Consumers. 

4.2.2 Employment and Industry Output Effects 
A summary of the direct, indirect, and induced, regional economic impacts 
of avoided business losses is presented in Table 4-5. The values reported 
for industry output, value-added, and labor income represent monetary 
impacts and are reported in 2011 dollars. Because output incorporates the 
value of goods and materials used in the production process, it does not 
reflect the net economic value to the region. More pertinent to each region 
is the value added by local workers and businesses in the form of labor 
earnings, other property income, and indirect business taxes. Employment 
impacts represent the change in the number of equivalent annual full-time 
jobs in each region. Figures 4-3 and 4-4 display employment and industry 
output effects by each regional economic impact analysis region. 

The results of the regional economic analysis show positive economic 
impacts for each region related to avoided business losses. Industries 
located in the floodplain would be the most affected in terms of potential 
declines in business production associated with flood events. 

Table 4-5 displays total industry output effects as a percentage of total 
regional output by region. The largest avoided economic losses within the 
Lower and Upper Sacramento regional economic impact analysis regions 
are expected to occur in government and other non-NAICs industries. 
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Other prominently affected industries include professional and technical 
services and light manufacturing. 

Within the Lower and Upper San Joaquin regional economic impact 
analysis regions, the largest avoided economic losses are expected in light 
manufacturing. Other prominently affected industries include government 
and non-NAICs, and professional and technical services. 

Table 4-5.  Summary of Expected Annual (Long-Term Average) SSIA 
Avoided Business Loss Employment and Industry Output Effects (2011 
Dollars, Million per Year) 

Regional 
Economic 

Impact 
Analysis 
Regions 

Economic 
Effect 

Employment Industry Output4 

Jobs1 Labor 
Income2 Value Added3 Total Output 

Upper 
Sacramento 

Direct Effect 116 $6.01 $7.33 $10.93 
Indirect Effect 11 $0.49 $0.84 $1.40 
Induced Effect 38 $1.55 $2.72 $4.37 
Total Effect 164 $8.06 $10.89 $16.70 

Lower 
Sacramento 

Direct Effect 443 $29.91 $36.33 $50.13 
Indirect Effect 58 $3.25 $5.34 $8.63 
Induced Effect 208 $10.09 $17.64 $27.38 
Total Effect 709 $43.24 $59.31 $86.14 

Lower San 
Joaquin 

Direct Effect 5.4 $0.28 $0.36 $0.60 
Indirect Effect 0.8 $0.04 $0.07 $0.12 
Induced Effect 2.1 $0.09 $0.16 $0.25 
Total Effect 8.3 $0.40 $0.59 $0.97 

Upper San 
Joaquin 

Direct Effect 0.3 $0.02 $0.02 $0.04 
Indirect Effect 0.1 $0.00 $0.00 $0.01 
Induced Effect 0.1 $0.01 $0.01 $0.01 
Total Effect 0.5 $0.02 $0.04 $0.06 

Regional 
Economic 

Impact 
Study Area 

Direct Effect 564 $36.21 $44.04 $61.70 
Indirect Effect 70 $3.78 $6.26 $10.15 
Induced Effect 248 $11.74 $20.53 $32.01 
Total Effect 882 $51.73 $70.82 $103.86 

Notes: 
1  Jobs are equivalent annual full-time jobs. One annual job is equivalent to one person being employed during a 
single year. One person being employed for 5 years is equal to five equivalent annual full-time jobs. 
2  Labor income represents the sum of employment income, including employee compensation (wages and 
benefits), and proprietor income. 
3  Value added is the difference between industry total output and the cost of intermediate inputs, and consists 
of four components – employee compensation, proprietor income, other property income, and indirect business 
tax. 
4  Output represents the total value of industry production. 
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Figure 4-3.  Expected Annual (Long-Term Average) Employment 
Effects of SSIA Avoided Business Losses 

 
Figure 4-4.  Expected Annual (Long-Term Average) Industry Output 
(2011 Dollars, Million per Year) Effects of SSIA Avoided Business 
Losses 
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Table 4-6.  Summary of Expected Annual (Long-Term 
Average) SSIA Avoided Business Loss Industry 
Output Total Effect1 as Percentage of Total Regional 
Output2 (2011 Dollars, Million per Year) 

Regional Economic 
Impact Analysis 

Regions 

Avoided Loss of  
Output 

(Total Effect1) 

Percentage 
of Total 

Regional 
Output2 

Upper 
Sacramento $16.70 0.06% 

Lower 
Sacramento $86.14 0.06% 

Lower San 
Joaquin $0.97 0.00% 

Upper San 
Joaquin $0.06 0.00% 

Regional Economic 
Impact Study Area $100.86 0.03% 

Notes: 
1  Total effect is the sum of direct, indirect, and induced effects. 
2  Total regional output is based on 2009 California county IMPLAN dataset. 

4.3 Assumptions and Limitations 

The results of the regional economic analysis are affected by technical 
considerations and modeling assumptions that include the following for 
employment effects, project construction, avoided business losses, and 
other economic effects not analyzed. 

4.3.1 Employment Effects 
Employment values are presented as equivalent annual full-time jobs, 
which are equivalent to one person being employed for a single year. 
Therefore, one person being employed for 5 years is equal to five 
equivalent annual full-time jobs. Estimated changes in employment are tied 
to economic relationships between industry output and labor productivity, 
regardless of availability and fluidity in the local labor force. In reality, 
hiring decisions are complex and typically take into account the duration of 
anticipated changes in production. Project construction and flooding are 
short-term events that may not necessarily result in hiring of new 
employees; instead, existing employee work patterns may be adjusted in 
response to fluctuations in demands. 

4.3.2 Project Construction 
Because the IMPLAN model is based on annual data, construction 
expenditures expected in each region were translated into annual values. 
Annual data were not developed based on project schedule and phasing, 
which reflect construction material, equipment, and labor requirements of 
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the SSIA over time. Rather, construction expenditures were uniformly 
distributed over the 20-year construction period. Consequently, annual 
construction expenditures based on project schedule and phasing may be 
different from the uniform distribution of annual expenditures. The 
implications of this is that in a given year throughout the 20-year 
construction period, employment and output effects may be higher or lower 
than those displayed here, based on the expected construction activities to 
take place in a given year. 

Project construction estimates include FloodSAFE Early Implementation 
Program projects that are under construction. Therefore, a portion of 
project construction employment and industry output effects may already 
be realized in regions where project construction has occurred. 

Project construction impacts are based on the estimate of current 
construction costs and were not adjusted to account for escalation of costs. 

Project construction will be funded by a mix of federal, State, and local 
funds. Project construction paid for with local funds will result in minimal 
if any net economic effects on the regional economy. This is because the 
positive effects of increased spending to the region’s construction sector 
will be offset by reduced spending elsewhere within the region’s economy. 
Consequently, it is project construction spending funded by federal and 
State funds that will contribute “new” money to the region’s economy. 
SSIA implementation projects assumed 46 percent, 46 percent, and 8 
percent of project construction costs to be funded by federal, State, and 
local funds, respectively. This cost share was used in this analysis. If the 
local cost share for project construction is lower or higher than 8 percent, 
employment and output effects would be lower or higher than those 
displayed here, respectively. 

4.3.3 Avoided Business Losses 
Avoided business loss impacts are expected annual effects and represent 
temporary effects in a given year, based on expected (long-term average) 
avoided business losses. A 500-year flood event in a given year would 
likely result in substantially more employment effects than displayed here, 
while a 10-year flood event would likely result in fewer employment 
effects, if any at all. Outlays for emergency services may help offset some 
portion of the adverse economic effects associated with business loss 
damages in a flood event. 

Business activities are tied to residents in a local area, particularly for retail 
and other population-serving industries. During a flood event it is likely 
that residents in a local area will temporarily, and potentially permanently, 
relocate from a flooded area, which would change the demand for business 
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goods and services. For this analysis, permanent relocations were not 
analyzed, nor their effects on demand for business related goods and 
services were considered. 

During a flood event, businesses would likely temporarily or permanently 
suspend business operations. Temporary business interruption is the basis 
for business losses estimated in Attachment 8F: Flood Damage Analysis, 
and the economic impacts displayed here. No permanent business closures 
were considered in this analysis because detailed information and analyses 
to understand the proportion of businesses to permanently close were not 
available. 

Not all business production subject to flooding would be lost. Some portion 
of lost business production would simply be transferred to other parts of the 
study area; however, businesses that are not subject to flooding do not have 
unlimited capacity, and in fact, are limited by available labor and 
infrastructure. The analysis of potential business production impacts takes 
into account substitute production effects. For more details, please see 
Attachment 8F: Flood Damage Analysis. 

Business loss insurance would offset some portion of the adverse economic 
effects associated with business loss damages in a flood event. No business 
loss insurance was considered in this analysis because detailed information 
and analyses to understand the proportion of businesses to receive business 
loss insurance and the value of coverage were not available. 

4.3.4 Other Economic Effects Not Analyzed 
Regional economic effects related to structure and content damages were 
not quantified in this analysis because detailed information and analyses to 
understand the potentially offsetting nature of flood damages and 
reconstruction and replacement effects were not available. 

This analysis did not estimate the regional economic effects of agricultural 
production damages because the value of avoided potential damages in the 
agricultural sector is small relative to potential structural and content 
damages and business losses. 

Regional economic effects related to transportation and energy disruptions, 
emergency services, and population displacement due to flooding were not 
analyzed. 

Regional economic effects of recreation disruptions during project 
construction were not analyzed. 
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5.0 Other Regional Economic 
Impact Effects 

This section describes other potential regional economic effects of the 
SSIA that were not quantified in Section 4. These effects include: 

• Property values 

• Fiscal impacts on municipalities 

• Regional economic competitiveness and diversity 

5.1 Property Value Impacts 

The values of inundated residential, commercial, and industrial properties 
would all be adversely affected by floods (residential, commercial, and 
industrial structures at risk of flooding are documented in Attachment 8F: 
Flood Damage Analysis). The immediate extent of lost value would depend 
on such factors as the level of inundation and the time required for 
dewatering. Property values would likely decline if flood damage forced 
permanent abandonment of the structures or otherwise caused significant 
damage. Future values would be based on the buyers’ willingness to pay 
for the properties, which would depend, in part, on flood damage reduction 
measures implemented following major flood events. Neither the 
diminution nor the future values of properties could be estimated for this 
study. 

5.2 Fiscal Impacts on Municipalities 

The fiscal effects of the SSIA on municipalities would be due to changes in 
sales tax, property tax, and income tax revenues, as well as the local 
government expenditures made during emergency responses during flood 
events. 

During construction, the SSIA would generate sales tax revenues attributed 
to the local purchase of construction goods, materials, and equipment 
subject to sales taxes. Sales taxes would also be augmented by local 
purchases made by construction workers and federal workers supported by 
project payrolls. Indirectly, businesses that supply construction goods and 
materials and serve the project labor force would also generate sales tax 
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revenues through inter-industry purchases and expenditures made to 
support standard business operations. The latter effects are captured in the 
estimates of indirect business taxes that are included in the estimated value 
added reported by IMPLAN (refer to Section 4). Other components of 
indirect business taxes captured in the IMPLAN results include excise 
taxes, property taxes, fees, and licenses paid by local businesses. Finally, 
project payrolls would generate State and federal income taxes paid by 
workers. Although most income taxes do not go directly to local 
municipalities, income tax revenues can provide local benefits through 
inter-governmental transfers of fiscal revenues. 

During and after flood events, both local sales and income tax revenues 
would likely decrease as a result of lost business production and reduced 
household spending. However, the primary fiscal effect on local 
governments would likely be a reduction in property tax revenues. In the 
short term, coinciding with the flood event and subsequent reconstruction 
efforts, the property tax base in the inundated region could be substantially 
reduced as a result of structural and property damages. Depending on the 
duration of reconstruction efforts, the assessed value of damaged properties 
may decline substantially, resulting in reductions in the locally assessed 
value of properties and corresponding effects on property tax revenues. 
These adverse tax effects would likely be temporary, lasting until 
reconstruction efforts are complete. Implementation of the SSIA would 
reduce the chance of flooding, therefore reducing these potential negative 
financial effects on municipalities. 

5.3 Regional Economic Competitiveness and 
Diversity 

In the short term, the floods considered for this study could potentially 
cause drastic losses of lives as well as property. In those events, and during 
the cleanup and restoration periods, the area would be less competitive than 
otherwise because of reduced outputs, employment, and income. In the 
long run, however, it is likely that businesses looking to move from other 
locations or deciding on whether to remain in each region would continue 
to analyze the factors most important for such decisions, such as proximity 
to markets, labor, and required raw materials, costs of electricity, natural 
gas, water, telephone services, transportation infrastructure, and taxes. 

In the short and long run, economic and industrial diversity in each region 
may adversely be affected by floods. If certain industries in the area are 
concentrated in the impact areas, many of those businesses are likely to 
close temporarily and potentially permanently. Consequently, the aggregate 
output of those businesses will decline in the near term. In the long term, 
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however, assuming those impacted businesses reopen, it is more likely that 
each region will continue to diversify. Available data, however, do not 
permit the estimation of those impacts. 
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7.0 Acronyms and Abbreviations 
BEA ........................... U.S. Department of Commerce Bureau of Economic 

Analysis 

Board ........................ Central Valley Flood Protection Board 

CGE .......................... Computable General Equilibrium 

CVFPP ...................... Central Valley Flood Protection Plan 

Delta .......................... Sacramento-San Joaquin Delta 

DWR ......................... California Department of Water Resources 

HEC-FDA .................. Hydrologic Engineering Center Flood Damage 
Reduction Analysis Software 

IMPLAN ..................... IMPact Analysis for PLANning 

I-O ............................. input-output 

NAICS ....................... North American Industry Classification 

SIC ............................ Standard Industry Codes 

SPFC ........................ State Plan of Flood Control 

SSIA .......................... State Systemwide Investment Approach 
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1.0 Introduction 
This section provides the purpose of this attachment, background 
information (including planning areas, goals, and approaches), and report 
organization. 

1.1 Purpose of this Attachment 

The 2012 Central Valley Flood Protection Plan (CVFPP) includes the 
formulation of four systemwide approaches, including the State 
Systemwide Investment Approach (SSIA). These approaches present 
different combinations of potential flood management improvements to 
address flood risk challenges. This attachment highlights potential ways of 
assessing economic benefits and describes a benefit assessment approach to 
be conducted for the CVFPP.   

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the CVFPP, for adoption by the Central Valley Flood Protection 
Board (Board).  The 2012 CVFPP provides a systemwide approach to 
protecting lands currently protected from flooding by existing facilities of 
the State Plan of Flood Control (SPFC), and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta).  
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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1.1 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

• Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 

1.2 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

• Primary Goal:  Improve Flood Risk Management 

• Supporting Goals: 

- Improve Operations and Maintenance 

- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 
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1.3 2012 CVFPP Planning Approaches 

Approaches to flood management were initially compared to explore 
potential improvements in the Central Valley.  These approaches are not 
alternatives; rather, they bracket a range of potential actions and help 
explore trade-offs in costs, benefits, and other factors important in decision 
making.  The approaches are as follows: 

• Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

• Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 

Comparing these approaches helped identify the advantages and 
disadvantages of different combinations of management actions, and 
demonstrated opportunities to address the CVFPP goals to different 
degrees. 

Based on this evaluation, a State Systemwide Investment Approach 
(SSIA) was developed that encompasses aspects of each of the approaches 
to balance achievement of the goals from a systemwide perspective, and 
includes integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

This attachment documents the benefit assessment conducted for the No 
Project condition and each of the approaches. 
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Figure 1-2.  Formulation Process for State Systemwide Investment Approach 

1.4 Report Organization 

Organization of this document is as follows: 

• Section 1 describes the purpose of the attachment, provides background 
information on the CVFPP, and describes CVFPP planning areas, the 
CVFPP planning process, and planning approaches. 

• Section 2 provides an overview of key State and federal guidelines and 
considerations for benefit assessment. 

• Section 3 describes the benefit assessment approach used in the 2012 
CVFPP. 

• Section 4 summarizes the benefits quantitatively assessed for the 2012 
CVFPP. 

• Section 5 describes the benefits qualitatively considered for the 2012 
CVFPP. 

• Section 6 provides a summary of findings of the benefit assessment. 

• Section 7 contains references for the sources cited in this document. 

• Section 8 lists abbreviations and acronyms used in this document. 
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2.0 Guidelines and Considerations 
for Benefit Assessment 

This section provides background information on State and federal 
guidelines for benefit assessment for flood improvements and related water 
management purposes. It also gives an overview of economic evaluation 
methods for different types of benefits. 

Benefits are the increased values of goods and services produced by a 
project. Benefits play a critical role in determining the economic 
justification of a project and in allocating costs among different purposes. 
The CVFPP is expected to provide multipurpose benefits, including flood 
damage reduction, ecosystem restoration, and other water resources-related 
benefits, requiring different measurement methods, as described below. 

2.1 Monetary Methods of Benefit Valuation 

Where possible, benefits are expressed in monetary terms. The monetary 
value of a good or service to a person who is a buyer is equal to his or her 
“willingness to pay” for the outputs of the project. Because flood risk 
reduction projects can provide both private and public benefits, a number 
of market and nonmarket methods to estimate “willingness to pay” for the 
project outputs can be used, including the following: 

• Revealed willingness to pay, in which values are determined from 
market prices such as prices paid for goods directly produced from the 
project, prices paid for related goods (e.g., higher prices paid for homes 
with views), or prices paid for travel to a recreation area. Some goods 
and services are used as inputs in production (i.e., improved water 
quality can lead to improved crop production), and their value may be 
measured by their contribution to the value obtained from the final 
goods, usually measured by changes in net income. 

• Imputed willingness to pay, in which value can be estimated based on 
(1) reduction of costs, or (2) avoided (more costly) alternatives. 

• Expressed willingness to pay, in which value is estimated through 
surveys (contingent valuation) that query people directly regarding 
what they are willing to pay based on a hypothetical scenario, or what 
they would be willing to accept in compensation if an amenity were 
taken away. Alternatively, people can be asked to make trade-offs 



2012 Central Valley Flood Protection Plan 
Attachment 8I: Framework for Benefit Assessment 

2-2 February 2012 
 Public Draft 

among different alternatives, from which their willingness to pay can be 
estimated (contingent choice). 

• Benefit transfers, in which values developed by other studies for 
similar projects are transferred to the projects being evaluated. 

• Administratively established values, in which representative values 
for specific goods and services are cooperatively assigned by water 
resources agencies. 

Table 2-1 summarizes the benefit valuation methods that are typically used 
for different water management project purposes. The CVFPP is expected 
to provide many of these benefits. 

Table 2-1.  Water Management Benefit Valuation Methods 

Benefit Valuation Method 

Water Management Purpose 
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Market price         

Price of related goods         

Travel cost         

Imputed willingness to pay 

Reduction in costs         

Alternative costs avoided         

Expressed willingness to pay 

Contingent  valuation         

Contingent choice         

Benefit transfers         

Administratively established values         
Source: Adapted from DWR, 2008 
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2.2 Nonmonetary Methods of Benefit Valuation 

Nonmonetary methods do not place a monetized value on project benefits. 
Without a monetary measure of benefits, it is not possible to conduct a 
traditional benefit-cost analysis. However, short of benefit-cost analysis, 
economics can provide other methods of valuation to assist investment 
decisions. Two of these methods are cost effectiveness analysis and 
incremental-cost analysis: 

• Cost effectiveness analysis is used to filter out plans that produce the 
same output level as other plans, but cost more. 

• Incremental cost analysis shows changes in costs as levels of outputs 
increase. 

The results of these analyses can permit decision makers to compare 
progressively alternative levels of project outputs and ask if the next level 
is “worth it.” That is, is the additional output in the next attainable level 
worth its monetary cost? However, a major disadvantage of projects 
evaluated with cost effectiveness and incremental cost analysis is that 
conducting a “combined” analysis for multi-objective projects, which have 
monetized benefit values, is more difficult (USACE IWR, 1995). 

2.3 Tools for Multi-Benefit Analysis 

Numerous economic analysis computer software packages and other 
analytical tools can be used to assist in water resources economic 
justification and socioeconomic impact analyses. These are described in 
DWR’s Economic Analysis Guidebook (DWR, 2008). 

2.4 Consideration of Federal Principles and 
Guidelines 

Water resources projects are often large and costly, and require cooperative 
efforts and resources from the local agencies that will directly benefit from 
the project, the State, and the federal government. In many cases, a large 
portion of the funds to complete water resources projects, and especially 
flood risk management projects, is obtained through federal funding 
programs. As a result, State projects are analyzed and formulated with 
consideration of federal guidelines as embodied in the federal Economic 
and Environmental Principles and Guidelines for Water and Related land 
Resources Implementation Studies (P&Gs) (WRC, 1983; DWR, 2008). 
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• Secondary Economic Effects – Most direct, or primary, monetary 
losses (or gains) will have secondary “ripple” effects (both positive and 
negative) in a regional, State, or even national economy. Secondary 
effects include: 

1. Indirect effects. Changes in output, income, and employment of a 
given industry resulting from the iterations of industries purchasing 
from the other industries caused by the direct effects. 

2. Induced effects. Changes in output, income, and employment 
caused by household expenditures generated by direct and indirect 
economic effects. 
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3.0 2012 CVFPP Benefit 
Assessment Approach 

This section describes the benefit assessment approach used in the 2012 
CVFPP, including a summary of the benefit categories considered. 

3.1 Benefit Categories Considered 

The preliminary approaches and the SSIA were formulated to primarily 
improve flood risk management and to contribute to the other supporting 
goals, reflecting a wide range of benefits, including the following: 

• Improved public health and safety – Flood management 
improvements can reduce the potential for injuries and loss of life, and 
release of hazardous materials during floods. 

• Reduced economic flood damages – Flood management 
improvements can reduce damages to structures (residential, 
commercial, industrial, and government buildings), agricultural crop 
losses and livestock losses, damages to public infrastructure 
(transportation, energy, utilities, etc.), and business income losses. 

• Benefits to local and regional economies – Flood management 
improvements can reduce the potential for loss of production and 
industry relocation, effects on employment, impacts on agricultural 
sustainability, and potential for disruption of public services. In 
addition, investment in flood improvements can result in positive 
regional economic effects. 

• Reduced long-term system management costs – Flood management 
improvements can reduce long-term emergency response and recovery 
needs, and long-term operations and maintenance costs. Additional 
benefits can also be gained from implementing regional approaches to 
permitting and regulatory compliance to reduce long-term costs of 
project implementation and maintenance. 

• Increased flood system resiliency and climate change adaptability – 
Flood management features such as storage and floodway expansion 
can enhance system adaptability to future changes in climate and 
hydrologic uncertainties, and to changes in population and land uses. 
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• Ecosystem Restoration Benefits – Restoration features integrated in 
flood management improvements can contribute to improved riparian 
habitat quantity, quality, and connectivity, and enhanced fish passage 
and habitat. 

• Water Management Benefits – Certain flood management features 
can contribute to water supply and quality. 

• Open Space and Recreation Opportunities – Certain flood 
management features can enhance the open space and opportunities for 
recreation and tourism. 

Table 3-1 displays the relationships between these benefit categories and 
the CVFPP goals, 1983 federal P&G requirements, and proposed federal 
PR&G requirements. 
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Table 3-1.  CVFPP Benefits Categories Related to CVFPP Goals, and 
Existing Federal P&Gs and Proposed PR&Gs 

Considered Benefit 
Categories  

2012 CVFPP Goals 1983 P&G 
Accounts 
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Improved public health and 
safety             

Reduced economic flood 
damages             

Benefits to local and regional 
economies             

Reduced long-term system 
management costs             

Increase flood system 
resiliency and climate change 
adaptability  

            

Ecosystem Restoration 
Benefits             

Water Management Benefits             

Open Space and Recreational 
Opportunities             
Key: 
CVFPP = Central Valley Flood Protection Plan 
P&G = Economics and Environmental Principles and Guidelines for Water and Related Land Resources Implementation 
Studies 
PR&G = Principles, Requirements and Guidelines

3.2 Benefit Assessment Approach 

The benefit categories considered in the 2012 CVFPP encompass a wide 
range of benefits, requiring detailed data and analyses. The CVFPP is 
primarily a systemwide reconnaissance study and not a detailed feasibility 
study, thus information is limited for conducting detailed analyses to 
quantify benefits. For the 2012 CVFPP, a mix of quantitative and 
qualitative assessments was conducted for the various benefits considered, 
consistent with the available data and details of proposed flood 
improvement actions and projects. 
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Table 3-2 identifies the analysis method (quantitative or qualitative) 
applied to the various benefits considered. Quantitative analyses have been 
conducted for the following benefits: 

• Improved Public Health and Safety – Reduction in life risk has been 
quantified for each of the preliminary approaches and the SSIA, using 
USACE Hydraulic Engineering Center Flood Damage Analysis Model 
(HEC-FDA). This analysis is documented in Attachment 8G: Life Risk 
Analysis. 

• Reduced Economic Flood Damages – Flood damage reduction 
benefits were assessed for (1) structure and content values, (2) 
agricultural crop production, and (3) business income. These benefits 
were assessed for each of the preliminary approaches and the SSIA, 
using HEC-FDA. The flood damage reduction analysis is documented 
in Attachment 8F: Flood Damage Analysis. 

• Benefits to Local and Regional Economies – Secondary “ripple” 
effects are associated with avoided flood-related business losses and 
construction expenditures. These secondary effects include indirect and 
induced industry output and employment (both short term and long 
term) resulting from direct effects. Secondary effects were only 
assessed for the SSIA, as described in Attachment 8H: Regional 
Economic Analysis for the State Systemwide Investment Approach. 

Benefits quantitatively and qualitatively evaluated are summarized in 
Section 4 and Section 5, respectively.  Figure 3-1 illustrates the CVFPP 
economic assessment approach. 

 

Figure 3-1. CVFPP Economic Assessment Approach 
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Table 3-2.  Analysis Approach Applied to Assess Benefits 
Considered in 2012 CVFPP 

Considered Benefits 
Quantitative Analysis 

Qualitative 
Analysis Preliminary 

Approaches SSIA 

Improved Public Health and Safety    
Reduced potential for injuries and loss of life     
Reduced release of hazardous materials during floods    

Reduced Economic Flood Damages    
Reduced structures and content damages      
Reduced agricultural crop losses     
Reduced livestock losses    
Reduced damages to public infrastructure     
Avoided business income losses     

Benefits to Local and Regional Economies     
Increased benefits to regional economies     
Enhanced agricultural sustainability    
Reduced disruption of public services    

Reduced Long-Term Flood System Management Costs    
Reduced  long-term emergency response and recovery 
needs    

Reduced long-term operations and maintenance costs    
Efficiency through regional approaches to permitting and 
regulatory needs    

Increasing Flood System Resiliency and Climate 
Change Adaptability    

Ecosystem Restoration Benefits    
Improved riparian habitat quantity, quality, and 
connectivity    

Improved fish passage and habitat     
Improved natural geomorphic processes    

Water Management Benefits    
Open Space and Recreation Opportunities    
Key: 
CVFPP = Central Valley Flood Protection Plan 
SSIA = State Systemwide Investment Approach 
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3.3 Benefit Categories Not Considered 

Benefit categories not considered for the 2012 CVFPP include hydropower, 
navigation, and water quality.  Although the CVFPP may in small ways 
contribute to each category, it would likely not be significant, and therefore 
is not considered here. 
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4.0 Benefits Quantitatively 
Assessed for 2012 CVFPP 

This section summarizes the flood risk management benefits that were 
assessed quantitatively: improved public health and safety, reduced 
potential for economic flood damages, and benefits to local and regional 
economies. 

4.1 Improved Public Health and Safety –Reduced 
Potential For Injuries and Loss of Life 

Currently, about 1 million people and more than $70 billion of assets in the 
Central Valley are protected from flooding by facilities of the SPFC. The 
public safety threat related to flooding is high for many communities, 
particularly those in deep floodplains: 84 percent of the population has less 
than 100-year protection. The preliminary approaches and the SSIA reduce 
life risk to different degrees, employing different flood management 
features and methods.  

Table 4-1 summarizes estimated annual life risk values for the Sacramento 
and San Joaquin river basins, for the No Project condition and 2012 
CVFPP approaches. Life risk is the long-term average annual number of 
lives potentially lost in an identified area, considering a given climate and 
land use condition, with a specified plan of flood protection in place. These 
values are the expected annual statistics computed by HEC-FDA. The 
differences in life risk values for each approach, compared to No Project, 
are the benefits of that approach.  

Figure 4-1 displays the percent reductions in life risk results for the 
Sacramento and San Joaquin river basins and all approaches studied, 
compared to the No Project condition. All of the approaches reduce life risk 
compared to the No Project condition, with the greatest reduction 
attributable to the SSIA, followed by the Protect High Risk Communities 
Approach. This is due to the focus on protection of population centers in 
both approaches. 

Life risk values are conditional: they represent consequences for a given 
area with a specified set of hydrologic and hydraulic conditions for the 
system, with best representation of performance of system levees and other 
features, and with stated assumptions regarding public warning and 
response. Therefore, results are informative indices of life risk, and the 
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values shown herein provide a reliable metric for comparing the life risk 
reduction attributable to the proposed 2012 CVFPP approaches. 

Table 4-1.  Summary of Annual Life Risk Values and Benefits for 
Sacramento and San Joaquin River Basins 

CVFPP Approaches Sacramento 
River Basin 

San Joaquin 
River Basin Total 

Life Risk Values    
No Project  58.6 5.5 64.1 
Achieve SPFC Design 
Flow Capacity 56.0 4.2 60.2 

Protect High Risk 
Communities 31.6 4.1 35.7 

Enhance Flood System 
Capacity 23.2 2.2 25.4 

State Systemwide 
Investment  28.1 4.1 32.2 

Life Risk Benefits1    
No Project  N/A N/A N/A 
Achieve SPFC Design 
Flow Capacity 2.6 1.3 3.9 

Protect High Risk 
Communities 27.0 1.4 28.4 

Enhance Flood System 
Capacity 35.4 3.3 38.7 

State Systemwide 
Investment  30.5 1.4 31.9 

Notes: 
1. The reduction in life risk values of each approach compared to No Project. 
Key: 
SPFC = State Plan of Flood Control 

These life risk benefits are planning estimates to be used as indices 
comparing the relative performances of the proposed 2012 CVFPP 
approaches in reducing flood life risk, to inform the decision making 
process. However, these results are not forecasts of deaths expected to 
occur from flood events to be used for emergency planning or other 
purposes; that would require much more detailed analyses and supporting 
data than used in this analysis. The life risk analysis conducted for the 2012 
CVFPP is documented in Attachment 8G: Life Risk Analysis. 

Changes in the release of hazardous materials attributable to the 2012 
CVFPP approaches were not quantified. 
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Figure 4-1.  CVFPP Approach Life Risk Value Percent Reductions 
Compared to No Project Condition for Sacramento and San Joaquin 
River Basins  

4.2 Reduced Economic Flood Damages  

The preliminary approaches and the SSIA would reduce direct, economic 
damages from floods to varying degrees due to the proposed flood 
management improvements. Results of the flood damage analysis are given 
as expected annual damage (EAD). EAD is not a predictor of damages for 
a given year, but rather indicates the annualized damages from periodic 
flooding.  For this study, the EAD has three components: 

1. Annual structure and contents damage 

2. Annual crop damage 

3. Annual business losses 

Table 4-2 compares total EAD for the Sacramento and San Joaquin river 
basins, for the No Project condition and for each of the four flood 
management approaches. The differences in EAD for each approach, 
compared to No Project, are the benefits of that approach.  

Figures 4-2 and 4-3 also show EAD for both basins by approach and by 
type of flood damage (structures, crops, and business losses). The methods 
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and data used to estimate EAD are described in Attachment 8F: Flood 
Damage Analysis. 

In the Sacramento River Basin, the SSIA provides the largest reduction in 
economic flood damages, followed by the Protect High Risk Communities 
Approach. This is likely because of the larger percentage of the damages in 
the basin that would occur in urban areas, and both of these approaches 
would provide 200-year protection to urban areas. 

In the San Joaquin River Basin, the Achieve SPFC Design Flow Capacity 
Approach provides the largest reduction in economic flood damages, 
followed by the Enhance Flood System Capacity Approach. This is because 
of a larger percentage of the damages in the basin would occur in rural 
areas. 

Table 4-2.  Summary of Annual Flood Damage and Benefits for 
Sacramento and San Joaquin River Basins (2010 dollars, in millions) 

CVFPP Approaches Sacramento 
River Basin 

San 
Joaquin 

River Basin 
Total 

Annual Flood Damage    
No Project  $304 $25 $329 

Achieve SPFC Design Flow Capacity $176 $11 $187 

Protect High Risk Communities $101 $20 $121 

Enhance Flood System Capacity $58 $6 $64 

State Systemwide Investment  $91 $20 $111 

Annual Flood Damage Benefits1    
No Project  N/A N/A N/A 

Achieve SPFC Design Flow Capacity $128 $14 $142 
Protect High Risk Communities $203 $5 $208 
Enhance Flood System Capacity $246 $19 $265 
State Systemwide Investment  $213 $5 $218 
Notes: 

1. The reduction in EAD of each Approach compared to No Project  
2. San Joaquin River Basin includes Stockton area. 
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floodplain risk management, and to participate in flood risk reduction 
projects and various assessments. One of these programs is DWR’s Early 
Implementation Program (EIP), in which the State invested almost $540 
million (in addition to the $204 million invested by local agencies) for 
significant levee improvements in the Central Valley. These projects are 
considered part of the SSIA and have already realized significant flood risk 
reduction and related benefits.  It is estimated that these benefits 
significantly exceed the nearly $800 million cost to implement the projects 
to date. The benefits displayed in this report are considered additional 
benefits that could be achieved by implementing the remaining elements of 
the SSIA.   

Because the flood damage reduction benefit assessments for the EIP 
projects used methods and tools consistent with those used for the CVFPP, 
the CVFPP did not reestimate benefits for these projects. Thus, the base 
year for the CVFPP flood damage reduction analysis is 2010 for projects 
expected to be implemented following the EIP program. This base year 
implicitly assumes implementation of the EIP projects. 

4.3 Benefits to Local and Regional Economies 

Implementing approaches formulated for the 2012 CVFPP would directly 
and indirectly benefit local and regional economies and support continued 
economic development in the Central Valley. For example, implementation 
would reduce the potential for lost agricultural, commercial, and industrial 
production/ income, and secondary “ripple” effects, as a result of a flood. 
The potential for flood-impacted industries to recover to pre-flood levels 
would also be improved. In addition, construction projects resulting from 
implementing the 2012 CVFPP would be expected to boost regional short-
term employment and employment incomes, and increase regional 
economic output. Long-term employment may also be either sustained or 
improved as flood management improves in the valley. These employment 
and economic output benefits would also affect revenues of local 
governments through increased income and sales taxes. 

Table 4-3 displays the direct, indirect, and induced employment and 
economic output effects resulting from: 

• Construction expenditures related to the implementation of the SSIA 
over a 20 year period 

• Avoided annual flood-related business losses (direct business losses are 
also included in the EAD estimates) 
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However, these secondary economic effects were not estimated for the 
other approaches. The methods and data used to estimate regional 
economic effects are described in Attachment 8H: Regional Economic 
Analysis for the State Systemwide Investment Approach. 

It should be noted that while CVFPP construction expenditures can have 
positive regional income and employment effects, these funds could also be 
allocated to competing projects in other regions, which would generate 
regional impacts in those regions. 

Table 4-3.  Estimated Direct, Indirect, and Induced Regional 
Employment and Output Effects of SSIA 

Effects  Sacramento 
River Basin 

San Joaquin 
River Basin Total 

Employment (Jobs) 
   Project Construction1 4,573– 5,522 752 – 942 5,326 – 6,463 
   Avoided Business Losses2 873 9 882 
Economic Output (2011 dollars, $millions per year) 
   Project Construction3 $647 – $781 $101 – $127 $748 – $908 
   Avoided Business Losses4 $103 $1.03 $104 
Notes: 
1.  Average annual employment over a 20-year period. 
2.  Long-term average annual avoided employment losses. 
3.  Increase in average annual economic output over a 20-year period. 
4.  Long-term average annual avoided economic output losses.
Key: 
SSIA = State Systemwide Investment Approach 
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5.7 Enhanced Opportunities to Achieve Multiple 
Objectives 

In addition to improved ecosystem functions, certain flood management 
features can contribute to other benefits, including water supply 
management, and recreation and tourism. 

5.8 Water Management Benefits 

The SSIA, as an integrated flood and water management program, would 
provide opportunities for improved water management in many ways. 
While estimates of water management benefits will be quantified for the 
2017 CVFPP, DWR expects that the average annual water management 
benefits of the SSIA may approach a few hundred thousand acre-feet 
compared to No Project. SSIA elements that could contribute to improved 
water management include reservoir operations and increases in channel 
groundwater recharge due to expansion and extension of the bypass system. 

• Reservoir operation – The F-CO program (see Section 3.5.8) is 
designed to modify operation of reservoirs in a way that will 
improve flood management and also provide opportunities for more 
aggressive refilling of reservoirs during dry years. Such operations 
could increase water supplies within reservoirs, especially in dry 
years when the water supply system is most stressed. Water supply 
benefits from F-BO would vary depending on current reservoir 
operation manual requirements, watershed hydrology, flexibility in 
reservoir operation (i.e., adequate release capacity), quality of 
reservoir inflow forecasts, etc. Therefore, a case-by-case study of 
flood management reservoirs will be needed to adequately define 
and quantify the potential benefits of reservoir F-BO. 

• Groundwater recharge – Groundwater aquifers are naturally 
recharged through various processes, including percolation of 
precipitation and infiltration of water from lakes, canals, irrigation 
and in-channel groundwater recharge. Implementation of the SSIA 
includes expansion and extension of the bypass system and levee 
setbacks. These actions would expand flood system lands by an 
additional 35,000 to 40,000 acres, which would be flooded during 
high water and contribute to in-channel and floodplain groundwater 
recharge. 
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5.9 Open Space and Recreation Opportunities 

The SSIA includes floodplain reconnection and floodway expansion, which 
improve ecosystem functions, fish passage, and the quantity, quality, and 
diversity of natural habitats.  Depending on various ecological conditions 
and constraints, many of these improvements can contribute to increasing 
opportunities for recreation and ecotourism, as well as augmenting the 
aesthetic values. Expansion of habitat areas provides opportunities for 
fishing, hunting, and wildlife viewing opportunities. Recreation-related 
spending associated with increased use by visitors to recreation areas 
becomes an important contributor to local and regional economies. 
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6.0 Findings  
CVFPP implementation will provide multiple benefits to the Central 
Valley, the State, and the nation.  For some of these benefits, a preliminary 
quantitative estimate has been made using available data and tools.  For 
other benefits, they are only described in this document in qualitative 
terms.  Significant effort will be made following completion of the 2012 
CVFPP to further quantify all benefit categories for the 2017 CVFPP.   

Table 6-1 summarizes the average annual benefits that have been 
quantified for the 2012 CVFPP, by approach, focusing upon the primary 
CVFPP goal to improve flood risk management.  

Table 6-1.  Summary of Quantified Annual Benefits 

CVFPP Approaches 
Reductions 
in Life Risk 

Values1 

Reductions in 
Flood 

Damage1 
(2010 dollars, 

in millions) 

Achieve SPFC Design Flow Capacity -6% $142 
Protect High Risk Communities -44% $208 
Enhance Flood System Capacity -60% $265 
State Systemwide Investment  -50% $218 
Note: 
1  Compared to No Project 

Implementations of SSIA would result in employment and increased 
economic output benefits to the region. These benefits would include short-
term benefits associated with the construction expenditure, and long-term 
avoided business loss benefits resulting from the improved flood 
protection.  

Benefits that were qualitatively described include: 

• Improved public health and safety: 

- Reduced potential for release of hazardous materials during floods 

• Reduced potential for flood damages: 

- Reduced livestock losses 

- Reduced damage to public infrastructure 
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• Benefits to local and regional economies: 

- Reduced potential for public service disruption  

- Enhanced agricultural sustainability 

• Reduced long-term system management costs: 

- Reduced long-term emergency response and recovery needs 

- Reduced long-term operations and maintenance costs 

- Improved efficiency through regional approaches to permitting and 
regulatory needs 

• Increasing Flood System Resiliency and Climate Change Adaptability 

• Improved ecosystem functions: 

- Improved riparian habitat quantity, quality, and connectivity 

- Improved fish passage and habitat 

- Improved natural geomorphic processes 

• Water management benefits 

• Open space and recreation opportunities 

Whether the benefits were evaluated quantitatively or described 
qualitatively, they are considered to be at an “appraisal,” or reconnaissance, 
level of detail, appropriate for planning broad combinations of policies, 
programs, and physical improvements.  

Based on this appraisal level of detail, the SSAI contributes the most to the 
2012 CVFPP primary goal, to improve flood risk management, in terms of 
estimated reductions in life risk and EAD. 

Basin-wide feasibility studies will be conducted before the implementation 
of specific measures. These feasibility studies will refine and expand on the 
benefit evaluations conducted thus far for the 2012 CVFPP, as follows: 

• Evaluating additional flood risk management benefits, such as 
infrastructure physical damage and loss of functions to that 
infrastructure, as well as other assets. 

• Evaluating potential multiple benefits, such as ecosystem restoration, 
water supply management, and recreation. 
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8.0 Acronyms and Abbreviations 
Board ......................... Central Valley Flood Protection Board 

CVFPP ...................... Central Valley Flood Protection Plan 

Delta .......................... Sacramento-San Joaquin Delta 

DWR .......................... California Department of Water Resources 

EAD ........................... Expected annual damages 

EIP ............................. FloodSAFE Early Implementation Projects  

EQ ............................. environmental quality 

F-CO .......................... Forecast-Coordinated Operations 

FloodSAFE ................ California FloodSAFE 
GIS ............................ geographic information system 

HEC-FDA .................. U.S. Army Corps of Engineers Hydrologic 
Engineering Center Flood Damage Analysis Model 

NED ........................... national economic development 

OSE ........................... other social effect 

P&G ........................... Economic and Environmental Principles and 
Guidelines for Water and Related Land Resources 
Implementation Studies 

PR&G ........................ Principles, Requirements and Guidelines 

RED ........................... regional economic development  

SPFC ......................... State Plan of Flood Control 

SSIA .......................... State Systemwide Investment Approach 

State .......................... State of California 

USACE ...................... U.S. Army Corps of Engineers 



2012 Central Valley Flood Protection Plan 
Attachment 8I: Framework for Benefit Assessment 

8-2 February 2012 
 Public Draft 

 

This page left blank intentionally 
 



 

 

 



 

 

STATE OF CALIFORNIA 
THE NATURAL RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 

 



Attachment 8J

Cost Estimates





 

STATE OF CALIFORNIA 
THE NATURAL RESOURCES AGENCY 
DEPARTMENT OF WATER RESOURCES 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Public Draft 
 
 
2012 Central Valley Flood Protection Plan 

Attachment 8J: Cost Estimates 
 
January 2012 
  



 

 January 2012 
 Public Draft 

 

This page left blank intentionally. 
 



 Contents 

January 2012 iii 
Public Draft 

Table of Contents 
1.0 Introduction ............................................................................................. 1-1 

1.1 Purpose of this Attachment ....................................................... 1-1 
1.2 Background ............................................................................... 1-1 
1.3 CVFPP Planning Areas ............................................................. 1-2 
1.4 2012 CVFPP Planning Goals .................................................... 1-4 
1.5 2012 CVFPP Planning Approaches .......................................... 1-4 
1.6 Cost Estimates  for 2012 CVFPP .............................................. 1-5 
1.7 Report Organization .................................................................. 1-6 

2.0 Summary and Findings ........................................................................... 2-1 
2.1 Cost Estimate Elements ............................................................ 2-1 
2.2 Cost Estimate Summary ............................................................ 2-2 

3.0 Acronyms and Abbreviations ................................................................. 3-1 

List of Tables 
Table 2-1.  Summary of Cost Estimate Ranges for Preliminary Approaches 

and State Systemwide Approach .............................................................. 2-3 

List of Figures 
Figure 1-1.  Central Valley Flood Protection Plan Planning Areas..................... 1-3 

Figure 1-2.  Formulation Process for State Systemwide Investment 
Approach ................................................................................................... 1-5 

  



2012 Central Valley Flood Protection Plan 
Attachment 8J: Cost Estimates 

iv January 2012 
 Public Draft 

Appendices 
A – CVFPP Cost Estimate Methodology 

B – Urban Levee Evaluations Project Remediation Alternatives and Cost 
Estimate Report 

C – Non-Urban Levee Evaluations Project Remediation Alternatives and 
Cost Estimate Report 

D – Protection of Small Communities 

E – Flood Corridor Expansion 

 



 1.0 Introduction 

January 2012 1-1 
Public Draft 

1.0 Introduction 
This section states the purpose of this attachment, gives background 
information (including a description of planning areas, goals, and 
approaches), overviews the cost estimate work performed, and provides an 
overview of the report organization. 

1.1 Purpose of this Attachment 

This attachment documents (1) the cost estimating methodology and 
approach, and (2) findings that support the cost estimates of the State 
Systemwide Investment Approach presented in the 2012 Central Valley 
Flood Protection Plan (CVFPP). 

This attachment provides the detailed pre-appraisal level engineering and 
associated construction costs that support three preliminary approaches and 
are utilized to develop a pre-appraisal level construction cost for the State 
Systemwide Investment Approach. 

Costs summarized in Section 2 of the 2012 CVFPP can be reviewed in 
greater detail in this attachment. 

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the CVFPP, for adoption by the Central Valley Flood Protection 
Board (Board).  The 2012 CVFPP provides a systemwide approach to 
protecting lands currently protected from flooding by existing facilities of 
the State Plan of Flood Control (SPFC), and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta). 
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1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

• Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 
planning areas.  The 2012 CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 

Costs presented herein cover primarily the SPFC Planning Area but some 
elements of the conceptual level engineering approaches and pre-appraisal 
level costs are outside of the SPFC Planning Area and contained within the 
Systemwide Planning Area. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals: 

- Improve Operations and Maintenance 

- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 

This attachment supports the goals of the 2012 CVFPP by providing the 
planning and engineering detail to support cost estimates which are key to 
plan formulation and ultimately implementation of flood management 
improvements. 

1.5 2012 CVFPP Planning Approaches 

In addition to No Project, three fundamentally different preliminary 
approaches to flood management were initially compared to explore 
potential improvements in the Central Valley.  These preliminary 
approaches are not alternatives; rather, they bracket a range of potential 
actions and help explore trade-offs in costs, benefits, and other factors 
important in decision making.  The preliminary approaches are as follows: 

• Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

• Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 
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Comparing these approaches helped identify the advantages and 
disadvantages of different combinations of management actions, and 
demonstrated opportunities to address the CVFPP goals to different 
degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 
developed that encompasses aspects of each of the approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

This attachment contains the costs summarized in the CVFPP for all 
preliminary approaches and ultimately the State Systemwide Investment 
Approach. 

 
Figure 1-2.  Formulation Process for State Systemwide Investment 
Approach 

1.6 Cost Estimates  for 2012 CVFPP 

This report documents the assumptions and methodology for developing 
costs, and presents cost estimates for elements of the CVFPP preliminary 
approaches and the State Systemwide Investment Approach. An 
appropriate cost estimating methodology, using best available data, was 
required to evaluate and compare the preliminary approaches.  The 
elements of the preliminary approaches and the methodology to develop 
them are then presented with their total estimated costs. The cost estimating 
work completed for the CVFPP was not based on bid-ready engineering 
documents, but rather conceptual designs and remedial actions extracted 
from parallel evaluation efforts, and carries an appropriate level of 
contingency for a conceptual-level planning effort or 25 percent plus/minus 
for all cost elements. 
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1.7 Report Organization 

Organization of this document is as follows: 

• Section 1 introduces and describes the purpose of this document. 

• Section 2 summarizes of total estimated costs of the preliminary 
approaches and the State Systemwide Investment Approach. 

• Section 3 lists abbreviations and acronyms used in this document. 

• Appendix A documents the cost estimating methodology and provides 
cost details. 

• Appendix B describes the remediation alternative analysis and cost 
estimates for addressing identified hazard factors for the urban SPFC 
levees and for achieving 200-year level protection. 

• Appendix C describes the remediation alternative analysis and cost 
estimates for addressing the identified hazard factors for Non-Urban 
SPFC levees. 

• Appendix D documents the conceptual design and cost estimates for 
providing 100-year level protection for small communities. 

• Appendix E documents the conceptual design and cost estimates for the 
flood corridor expansion features, including levee setback. 
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2.0 Summary and Findings 
The conceptually designed flood management elements used for the 
preliminary CVFPP cost estimates in this attachment are at a planning level 
of detail, and should be used for planning purposes only. These cost 
estimates will be further refined in future feasibility and design studies. 

2.1 Cost Estimate Elements 

The cost estimates are organized according to four primary flood 
management elements that address the different types of improvements 
made to the flood protection system in each approach: 

• System Improvement Element – The bypass and weir system of the 
SPFC has provided systemwide benefits of flood protection. System 
improvements are intended to improve the flood operations for the 
system as a whole and provide areas to enhance the ecosystem. 
Considered bypass expansion and weir modifications would lower peak 
floodflows throughout the system from the reservoirs downstream, 
providing further improvements in flood protection for urban areas, 
small communities, and rural-agricultural areas. 

• Urban Improvement Element – Urban areas located within the region 
protected by SPFC facilities are defined as developed areas with 10,000 
residents or more. The SPFC provides flood protection to nearly1 
million people living in urban areas. The urban areas located within the 
SPFC are generally concentrated in a few regions (Feather River, 
Lower Sacramento River, and Lower San Joaquin River) in the 
Sacramento and San Joaquin River basins. Urban improvements are 
targeted to achieve 200-year level of protection. 

• Rural-Agricultural Improvement Element – The rural-agricultural 
improvement addresses the flood protection needs of the largely 
agricultural areas and small communities throughout these areas (both 
located within the area protected by the SPFC). 

• Residual Risk Management Element – Residual risk management 
addresses additional efforts needed to provide flood protection beyond 
capital flood protection projects included in the other flood 
management elements. While this includes features that support 
improved flood protection throughout the system, it focuses on 
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providing supplemental flood protection in rural-agricultural areas. It 
includes three features: Enhanced Flood Emergency Response, 
Enhanced Operations and Maintenance, and Floodplain Management. 

It should be noted that ecosystem enhancements are integrated into the 
above flood management elements. Ecosystem enhancement features are 
included in the Enhance Flood System Capacity Approach and the State 
Systemwide Investment Approach. The Achieve SPFC Design Flow 
Capacity Approach and the Protect High Risk Communities Approach do 
not include ecosystem enhancements, but do include cost allowances for 
mitigation of ecosystem impacts. 

2.2 Cost Estimate Summary 

The estimated costs for the flood management elements included in the 
CVFPP preliminary approaches and the State Systemwide Investment 
Approach are based on 2011 price levels. These costs are not based on bid-
ready engineering documents, but rather on conceptual designs and 
remedial actions extracted from parallel evaluation efforts, and carry an 
appropriate level of contingency for a conceptual-level planning costs 
effort or 25 percent plus/minus for all cost elements. The actual 
implementation cost of flood management actions will depend on many 
factors that cannot be determined and evaluated in detail at this time. The 
actual costs will ultimately depend on the features chosen during future 
feasibility studies, engineering, actual future labor and material costs, 
competitive market conditions, construction schedule, and other factors. To 
reflect this uncertainty, estimated costs for the proposed flood management 
elements are presented as a range of low to high cost. Details of the cost 
estimate methodology are contained in Appendix A.  Additional supporting 
details for cost estimates appear in Appendices B through E. 

Table 2-1 summarizes the costs ranges for each of the flood management 
elements. Detailed cost estimates are included in Appendix A. 
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Table 2-1.  Summary of Cost Estimate Ranges for Preliminary Approaches and 
State Systemwide Approach ($-Million) 

Flood Management 
Element 

Preliminary Approaches State 
Systemwide 
Investment 
Approach 

Achieve SPFC 
Design Flow 

Capacity 

Protect 
High Risk 

Communities 

Enhance 
Flood System 

Capacity 

System Improvements $91 – $114 $91 – $114 $7,605 – $10,889 $5,142 – $6,501 

Urban Improvements $3,827 – $4,783 $5,496 – $6,675 $5,496 – $6,675 $5,496 – $6,675 

Rural/Agricultural 
Improvements $13,843 – $17,305 $1,253 – $1,504 $18,088 – $23,075 $1,772 – $1,873 

Residual Risk 
Management  $732 – $901 $1,357 – $1,637 $653 – $798 $1,511 – $1,863 

TOTAL $18,493 – $23,103 $8,197 – $9,930 $31,842 – $41,437 $13,921 – $16,912 

Key: 
SPFC = State Plan of Flood Control 

  



2012 Central Valley Flood Protection Plan 
Attachment 8J: Cost Estimates 

2-4 January 2012 
 Public Draft 

 

This page left blank intentionally. 
 



 3.0 Acronyms and Abbreviations 

January 2012 3-1 
Public Draft 

3.0 Acronyms and Abbreviations 
Annual Report ........... Local agency annual report 

AEP ........................... Annual Exceedence Probability 

APN ........................... Assessor’s Parcel Number 

ASPE ........................ American Society of Professional Estimators 

Board ........................ Central Valley Flood Protection Board 

CDP .......................... Census-Designated Place 

Comprehensive Study Sacramento and San Joaquin River Basins 
Comprehensive Study 

CVFPP ...................... Central Valley Flood Protection Plan 

Delta .......................... Sacramento-San Joaquin Delta 

DFG .......................... California Department of Fish and Game 

DWR ......................... California Department of Water Resources 

FEMA ........................ Federal Emergency Management Agency 

FIP ............................ flood inundation potential 

FROA ........................ floodplain restoration opportunities analysis 

GAR .......................... Geotechnical Assessment Report 

GIS ............................ geographic information system 

I-5 .............................. Interstate 5 

LiDAR ........................ Light Detection and Ranging 

NGO .......................... nongovernmental organization 

NULE ........................ Non-Urban Levee Evaluations 

O&M .......................... operations and maintenance 

PCET ........................ Parametric Cost Estimating Tool 

RACER ..................... Remedial Alternatives and Cost Estimate Report 

ROW ......................... right-of-way 

SB ............................. Senate Bill 

SPFC ........................ State Plan of Flood Control 

State .......................... State of California 

ULDC ........................ Urban Levee Design Criteria 

ULE ........................... Urban Levee Evaluations 
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USACE ...................... U.S. Army Corps of Engineers 

USFWS ..................... U.S. Fish and Wildlife Service 
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1.0 Introduction 
This appendix documents the Central Valley Flood Protection Plan 
(CVFPP) Cost Estimate Methodology and summarizes the various 
preliminary approaches and the State Systemwide Investment Approach 
(SSIA), including the programmatic-level costs for Residual Risk 
Management. 

The CVFPP is being prepared under the authorization of the California 
Central Valley Flood Protection Act of 2008 (Senate Bill 5) and other 
associated legislation to begin addressing the many flood management 
issues facing the Central Valley.  The CVFPP is a critical part of the 
FloodSAFE California Initiative, a comprehensive program to address 
flood management challenges in the State, with a vision of fostering 
sustainable, integrated flood management in California. The draft of the 
2012 CVFPP was completed and provided to the Central Valley Flood 
Protection Board (Board) before January 1, 2012, and is expected to be 
adopted by the Board before July 1, 2012. 

CVFPP goals include the primary goal of improving flood risk 
management and four supporting goals of improving operations and 
maintenance (O&M), improving institutional support, promoting 
ecosystem functions, and promoting multi-benefit projects.  These goals are 
described in the 2012 CVFPP. To achieve these goals, the CVFPP has 
identified four different approaches for Central Valley flood management.  
These include: 

1. Achieve State Plan of Flood Control (SPFC) Design Flow Capacity 
Approach. 

2. Protect High-Risk Communities Approach. 

3. Enhance Flood System Capacity Approach. 

4. SSIA – the State’s preferred approach. 

The cost estimates presented in this Appendix are at a reconnaissance 
(appraisal) level of detail and will be updated as future evaluations are 
conducted. The costs used in this estimate were assembled from many 
different sources at various levels of detail.  In some cases, materials 
quantities and unit costs were used to develop some of the cost estimates; 
in other cases, already existing cost estimates from ongoing efforts were 
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used.  While this may result in a broad range of the level of detail for the 
costs, it does represent the initial effort to estimate the costs of these 
approaches.  It is expected that the cost estimates will be brought to a more 
uniform level of detail as part of the feasibility studies. 

The purpose of this appendix is to support the 2012 CVFPP by providing 
relevant information, assumptions, and cost estimates for the system and 
local/regional improvements to existing facilities, constructing new 
facilities, and/or other flood management actions. This includes all the 
components evaluated in the CVFPP for each of the four approaches listed 
above. This appendix also provides estimates for ongoing annual costs for 
residual risk management actions, such as O&M. 

The remainder of this Appendix is organized into the following sections: 

• Section 2, Background Information – This section provides general 
contextual information that is relevant to preparation of this appendix. 
This information includes: 

- Data sources used in this analysis 

- Descriptions of the regions used to aggregate and summarize cost 
information  

- Major assumptions used for cost estimates 

• Section 3, Approach Descriptions and Cost Estimates – This section 
summarizes the flood management elements included in each of the 
four CVFPP flood management approaches, including their costs for 
each flood management element by region. This section also provides a 
cost summary table comparing all four approaches. 

• Section 4, Flood Management Elements – This section describes the 
flood management elements and assumptions used in estimating their 
costs. The flood management elements are organized into groups based 
on their primary improvements (systemwide, urban, rural-agricultural).  
Each flood management element is then further divided into the 
specific flood management components, which are the most detailed 
level of information identified and used for purposes of this preliminary 
cost estimate. 

• Section 5, Acronyms and Abbreviations 

• Section 6, Detailed Cost Tables – This includes the details cost tables 
that are summarized in Section 3. 
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2.0 Background 
This provides background information on planning areas, data sources, and 
key assumptions for the preliminary cost estimates. 

2.1 Planning Area 

The SPFC Planning Area is the geographic area that includes the lands 
currently receiving flood damage reduction benefits from the SPFC.  The 
SPFC Planning Area can be further subdivided into Levee Flood Protection 
Zones (LFPZ), which are defined as those areas that are protected by a 
levee that is part of the facilities of the SPFC, as defined under Section 
5096.805 of the Public Resources Code.  There are currently 221 LFPZs 
identified in the SPFC Planning Area.  For purposes of organizing and 
presenting information about the approaches and project costs, the SPFC 
Planning Area was subdivided into nine regions listed below, based on the 
location of the facilities of the SPFC, as shown in Figure 2-1.  The regions 
are described in more detail in the Draft Location and Description of Levee 
Flood Protection Zones within the Central Valley Technical Memoranda 
(June 23, 2011). 

• Upper Sacramento/Butte Basin Region. 

• Mid-Sacramento Region. 

• Feather River Region. 

• Lower Sacramento Region. 

• Delta North Region. 

• Delta South Region. 

• Lower San Joaquin Region. 

• Mid-San Joaquin Region. 

• Upper San Joaquin Region. 
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Figure 2-1.  Central Valley Flood Protection Plan Implementation Regions and 
Flood Protection Zones 
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2.2 Key Cost Estimate Assumptions and 
Limitations 

The estimated project costs are based on 2011 costs.   

2.2.1 Cost Uncertainty 
The actual cost of future improvements will depend upon a host of factors 
that cannot be determined and evaluated in detail at this time, so the cost 
estimates provided here should be considered preliminary.  Cost estimates 
will change as the project is refined during future studies, permitting, 
design, and construction.  The actual costs will ultimately depend on the 
components chosen, the engineering, the actual future labor and material 
costs, competitive market conditions, the construction schedule, and other 
factors.  As a result, the final project costs will vary from estimates 
provided in this appendix.  

2.2.2 Cost Ranges 
In most cases, a range of costs is provided to account for some of the 
uncertainty included in the preliminary assumptions.  The range of costs 
includes: 

• Low Estimated Total Cost – The low estimated total cost is 
determined using the smaller quantity (when a range is provided) and 
the lower unit cost (when a range is provided). 

• High Estimated Total Cost – The high estimated total cost is 
determined using the larger quantity (when a range is provided) and 
higher unit costs (when a range is provided). 

A range of costs is provided for each of the flood management 
componentcomponents based on the available supporting information (for 
each element) and program assumptions. These costs are presented on the 
tables in this cost estimate. 

2.2.3 Risk Assessment, Feasibility, Engineering, and 
Permitting  

In general, an additional 20 to 25 percent contingency is included to both 
the Low and High Estimated Total Cost to account for potential uncertainty 
in cost estimates due to future refinement to plan concept and elements, 
such as: 

• Future updates to the CVFPP  
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• Planned basinwide feasibility studies for the Sacramento River Basin 
and San Joaquin River Basin 

• Updates on risk assessments of the flood management system, 
including updated geotechnical information, new hydrology, and 
updated system hydraulic modeling tools.  

• Detailed engineering design of the flood management elements and 
facilities that evaluates site specific conditions  

• Permitting process and requirements for the proposed flood 
management projects 

• Cost for mitigating any potential hydraulic impacts  

• Other ecosystem mitigation costs not identified in this cost estimate  

• Other unidentified cost items 

2.3 Data Sources 

The following data sources were used to prepare this Appendix: 

• Levee hazard information and structural remediation cost estimates 
developed by Urban and non-urban levee evaluations (ULE and NULE) 

• Program-level cost information for residual risk management elements 
developed by California Department of Water Resources (DWR), 
Division of Flood Management (DFM) 

• Information from local flood management and maintaining agencies 

• CVFPP Conservation Framework (CVFPP Attachment 2) and 
supporting technical documentations (CVFPP Attachment 9) 

• Unit costs from recently implemented projects (such as Three River 
Levee Improvement Authority (TRLIA) and Sacramento Area Flood 
Control Agency (SAFCA)) 

• Reconnaissance and pre-feasibility level conceptual designs and costs 
information on flood management improvements, such as: 

o Sacramento Bypass Expansion Conceptual Design and Cost 
Estimates (SAFCA, March 2009) 
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o Formulation and Analysis of Alternatives for Supplemental 
Flood Control Program on Yuba River (Yuba County Water 
Agency (YCWA), 1999) 

o Paradise Cut Bypass Investigation – Draft Technical 
Memorandum, (Central Valley Flood Management Program, 
June 2010) 

o Daguerre Point Dam Fish Passage Improvement Project – 
Alternative Concepts Evaluation (US Army Corps of 
Engineers, September, 2003) 

• Reconnaissance information on storage projects: 

o  Shasta Lake Water Resources Investigation (US 
Department of the Interior, Bureau of Reclamation 
(Reclamation), 2011) 

o North of Delta Offstream Storage (DWR, 2010) 

o Upper San Joaquin River Basin Storage Investigation 
(Reclamation, 2008) 
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3.0 Approach Descriptions and Cost 
Estimates 

This section summarizes the four approaches evaluated in the CVFPP and 
their preliminary costs. Three fundamentally different approaches to flood 
management were initially compared to explore potential flood risk 
reduction improvements in the Central Valley.  These include: 

1. Achieve SPFC Design Flow Capacity Approach. 

2. Protect High Risk Communities Approach. 

3. Enhance Flood System Capacity Approach. 

Based on an evaluation of these three approaches, the California 
Department of Water Resources (DWR) developed the SSIA that 
encompasses aspects of each of the three preliminary approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements. 

3.1 Flood Management Elements 

This cost estimate is organized into four primary flood management 
elements that address the different types of improvements made to the 
flood protection system in each approach. The four flood management 
elements are: 

1. System improvement element. 

2. Urban improvement element. 

3. Rural-agricultural improvement element. 

4. Residual risk management element. 

The flood management elements are described in more detail in Section 4.  
Each flood management element is then further divided into the specific 
flood management components, which are the most detailed level of 
information identified and used for purposes of this preliminary cost 
estimate. Tables 3-1 to 3-4 identify which flood management components 
are included in each approach.  It should be noted that many of the 
ecosystem restoration enhancements are integrated into the above flood 
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management elements and are componentcomponents of the Enhance 
Flood System Capacity Approach and the SSIA.  The Achieve SPFC 
Design Capacity Approach and the Protect High-Risk Communities 
Approach do not include similar ecosystem enhancements, but do include 
cost allowances for mitigation of ecosystem impacts. 

 



 

3.0 A
pproach D

escriptions and C
ost Estim

ates

February 2012 
3-3

Table 3-1.  System Improvement Elements Incorporated in the CVFPP Approaches 

Flood Management Component 
Achieve SPFC 
Design Flow 

Capacity 

Protect High-
Risk 

Communities
Enhance Flood 

System Capacity 
State Systemwide 

Investment 
Approach 

Land Acquisition NO NO YES YES 

Agricultural Conservation Easements NO NO YES YES 

Ecosystem Restoration and 
Enhancement NO NO 

YES 
 

YES 

 New Levee Construction NO NO YES YES 

Improve Existing Levees NO NO YES YES 

Flood System and Fish Passage  
Structures NO NO YES YES 

Forecast –Coordinated Operations / 
Forecast-Based Operations YES YES YES YES 

New Reservoir Storage NO NO YES NO 

Easements NO NO YES NO 

System Erosion and Bypass Sediment 
Removal Project NO NO YES YES 



 

A
ttachm

ent 8J: C
ost Estim

ates –  
A

ppendix A
. C

VFPP C
ost Estim

ate M
ethodology 

3-4 
February 2012

Table 3-2.  Urban Improvement Elements Incorporated in the CVFPP Approaches 

Flood Management Component 
Achieve SPFC 
Design Flow 

Capacity 

Protect High-
Risk 

Communities 

Enhance Flood 
System 

Capacity 

State Systemwide 
Investment 
Approach 

Urban Flood Protection Projects NO YES YES YES 

Achieve SPFC Design Capacity in 
Urban Areas YES NO NO NO 

Non-SPFC Urban Levee Improvements  YES YES YES YES 

 



 

3.0 A
pproach D

escriptions and C
ost Estim

ates

February 2012 
3-5

 

Table 3-3.  Rural-Agricultural Improvement Elements Incorporated in the CVFPP Approaches 

Flood Management Component 
Achieve SPFC 
Design Flow 

Capacity 

Protect High 
Risk 

Communities

Enhance 
Flood System 

Capacity 

State 
Systemwide 
Investment 
Approach 

Small Community Improvements NO YES YES YES 

Non-Urban Levee Improvements to 
Achieve SPFC Design Capacity  YES NO YES NO 

Rural Setback Levees NO NO YES NO 

Site-Specific Rural Agricultural Levee 
Improvements NO NO NO YES 

Known and Identified Erosion Repairs NO NO NO YES 
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Table 3-4.  Residual Risk Management Elements Incorporated in the CVFPP Approaches  

Flood Management Component 
Achieve SPFC 
Design Flow 

Capacity 

Protect High 
Risk 

Communities 

Enhance 
Flood System 

Capacity 

State 
Systemwide 
Investment 
Approach 

Additional Flood Information Collection 
and Sharing YES YES YES YES 

All Weather Roads on Levee Crowns YES NO YES YES 

Local Flood Emergency Planning YES YES YES YES 

Additional Forecasting and Notification NO YES NO YES 

Identification and Repair After Event 
Erosions YES YES YES YES 

Develop and Implement Enhanced O&M 
Programs and Regional Organizations YES YES YES YES 

Sacramento Channel and Levee 
Management and Bank Protection YES YES YES YES 

Raising and Waterproofing Structures 
and Building Berms NO NO NO YES 

Purchasing and Relocating Homes in 
Floodplains NO NO NO YES 

Land Use and Floodplain Management YES YES YES YES 
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3.2 Approach Descriptions and Costs 

The CVFPP approaches are more fully described in the Draft 2012 Central 
Valley Flood Protection Plan.  A brief description of the four approaches is 
provided in this section to provide context for comparing the flood 
management componentcomponents included in each approach.  Table 3-5 
provides the cost summary for the four CVFPP approaches.  Additional 
information included improvement costs to each of the nine regions is 
provided for each approach in the following sections. 

Table 3-5.  Cost Summary for Four CVFPP Approaches ($millions, 2011 dollars) 

Approach 
Achieve SPFC 
Design Flow 

Capacity 

Protect High 
Risk 

Communities 
Enhance Flood 

System Capacity 
State Systemwide 

Investment 
Approach 

System 
Improvements $91  to  $114 $91  to  $114 $7,605  to  $10,889 $5,142  to  $6,501 

Urban 
Improvements $3,827.0  to  $4,783 $5,496  to  $6,675 $5,496  to  $6,675 $5,496  to  $6,675 

Rural-Agricultural 
Improvements $13,843  to  $17,305 $1,253  to $1,504 $18,088  to  $23,075 $1,772  to  $1,873 

Residual Risk 
Management $732  to  $901 $1,356  to  $1,638 $653  to  $798 $1,511  to  $1,863 

TOTAL $18,493  to  $23,103 $8,196  to  $9,931 $31,842 to  $41,437 $13,921  to  $16,912 

Notes: 
All cost estimates are based on 2011 costs rounded to nearest $million 
Cost estimates include 20 to 25 percent contingencies for risk assessment, feasibility, engineering, and permitting.  

3.2.1 Achieve SPFC Design Flow Capacity Approach 
The Achieve SPFC Design Capacity Approach focuses on reconstructing 
existing SPFC facilities throughout the system, such that the SPFC can 
reliably accommodate established project design flows. 

This approach was formulated to address legislation that required DWR to 
consider structural improvements and repairs necessary to reconstruct 
SPFC facilities to their original design standards (California Water Code 
9614 (g)).  It also addresses requests from stakeholders to consider 
repairing the existing flood management system in place, or without major 
modification to facility locations. 

This approach does not consider improving SPFC facilities to carry flows 
greater than project design flows, nor enhancements (to levee height, width, 
or footprint, for example) that exceed current SPFC design standards. The 
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projects and their associated costs included in this approach are distributed 
among the nine regions, as presented on the Table 3-6. 

System Improvements – System improvements are generally not included 
in the Achieve SPFC Design Capacity Approach. 

Table 3-1 identifies the System improvements included in this approach. 
Tables 4-1 to 4-11 describe the range of costs for the flood management 
components included in the system improvements. 

Urban Improvements – Urban improvements are not a direct element of 
the Achieve SPFC Design Capacity Approach.  There are some 
improvements to urban levees included in this approach to achieve SPFC 
design flow capacities around urban areas.  

Table 3-2 identifies the urban improvements included in this approach. 
Tables 4-12 to 4-14 describe the range of costs for the flood management 
components included in the urban improvements. 

Rural Agricultural Improvements – In the Achieve SPFC Design 
Capacity Approach, rural agricultural improvements focus on the wide 
range of repairs identified in the NULE Program that provides extensive 
repairs to the rural levees throughout the system; it is not targeting a 
specified level of protection, but rather achieving the original design 
capacity of the SPFC. 

Table 3-3 identifies the rural-agricultural improvements included in this 
approach. Tables 4-15 to 4-20 describe the range of costs for the flood 
management components included in the rural-agricultural improvements. 

Residual Risk Management – Residual risk management is a minor part 
of the Achieve SPFC Design Capacity Approach because the need is 
expected to be less than the other approaches due to significant investment 
in physical flood system improvements, especially in rural areas. 

Table 3-4 identifies the residual risk management elements included in this 
approach. Tables 4-21 to 4-25 describe the range of costs for the flood 
management components included in residual risk management. 
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Table 3-6 Improvement Costs for the Achieve SPFC Design Flow Capacity Approach  

REGION 
System 

Improvements Urban Improvements Rural  Improvements Residual Risk 
Management Total Costs 

Low  High Low  High Low  High Low  High Low  High 

1- Upper 
Sacramento 
Region 

$12.0 to $15.0 $0.0 to $0.0 $510.0 to $638.0 $44.0 to $54.0 $566.0 to $707.0 

2- Mid-
Sacramento 
Region 

$0.0 to $0.0 $0.0 to $0.0 $3,223.0 to $4,028.0 $103.0 to $132.0 $3,326.0 to $4,160.0 

3- Feather River 
Region $12.0 to $15.0 $1,196.0 to $1,495.0 $2,039.0 to $2,548.0 $88.0 to $112.0 $3,335.0 to $4,170.0 

4- Lower 
Sacramento 
Region 

$7.0 to $8.0 $1,529.0 to $1,912.0 $1,434.0 to $1,793.0 $95.0 to $120.0 $3,065.0 to $3,833.0 

5- Delta North 
Region $12.0 to $15.0 $288.0 to $360.0 $3,889.0 to $4,862.0 $155.0 to $174.0 $4,344.0 to $5,411.0 

6- Delta South 
Region $0.0 to $0.0 $144.0 to $180.0 $629.0 to $787.0 $44.0 to $54.0 $817.0 to $1,021.0 

7- Lower San 
Joaquin 
Region 

$7.0 to $8.0 $238.0 to $296.0 $340.0 to $425.0 $50.0 to $61.0 $635.0 to $790.0 

8- Mid - San 
Joaquin 
Region 

$12.0 to $15.0 $432.0 to $540.0 $474.0 to $592.0 $38.0 to $46.0 $956.0 to $1,193.0 

9- Upper San 
Joaquin 
Region 

$29.0 to $38.0 $0.0 to $0.0 $1,305.0 to $1,632.0 $115.0 to $148.0 $1,449.0 to $1,818.0 

Total $91.0 to $114.0 $3,827.0 to $4,783.0 $13,843.0 to $17,305.0 $732.0 to $901.0 $18,493.0 to $23,103.0 
Note: 
All cost estimates are based on 2011 costs rounded to nearest $million 
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3.2.2 Protect High-Risk Communities Approach 
The Protect High-Risk Communities Approach focuses on improvements 
to the flood management system that directly reduce risks to life and life 
safety.  These threats are predominantly in densely populated areas, 
including urban areas and small communities subject to deep or rapid 
flooding.  This approach would primarily improve levees without major 
changes to their existing footprints. Rural-agricultural levees would remain 
in their existing configurations. The projects and their associated costs for 
this approach are distributed among the nine regions as presented in 
Table 3-7. 

System Improvements – System improvements are generally not included 
in the Protect High-Risk Communities Approach.   

Table 3-1 identifies the system improvements included in this approach. 
Tables 4-1 to 4-11 describe the range of costs for the flood management 
components included in the system improvements. 

Urban Improvements – The urban improvements are a significant element 
of the Protect High-Risk Communities Approach.  DWR Flood Project 
Office compiled a list of projects and preliminary cost estimates for 
achieving a 200-year level of flood protection in the Central Valley.  This 
list was compiled using information from DWR projects and information 
from local flood maintenance agencies.   

Table 3-2 identifies the urban improvements included in this approach. 
Tables 4-12 to 4-14 describe the range of costs for the flood management 
components included in the urban improvements. 

Rural Agricultural Improvements – Only the small community 
improvements componentcomponents are included in the Protect High-
Risk Communities Approach. 

Table 3-3 identifies the rural-agricultural improvements included in this 
approach. Tables 4-15 to 4-20 describe the range of costs for the flood 
management components included in the rural-agricultural improvements. 

Residual Risk Management – Since the focus of this approach is on small 
communities and urban areas, a moderate amount of the residual risk 
management elements is needed. Because this approach does not address 
rural flood risks, the residual risk management element is smaller than the 
SSIA. 
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Table 3-4 identifies the residual risk management elements included in this 
approach. Tables 4-21 to 4-25 describe the range of costs for the flood 
management components included in residual risk management.
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Table 3-7 Improvement Costs for the Protect High-Risk Communities Approach 

REGION 
System 

Improvements Urban Improvements Rural  Improvements Residual Risk 
Management Total Costs 

Low  High Low  High Low  High Low  High Low  High 

1- Upper 
Sacramento 
Region 

$12.0 to $15.0 $120.0 to $144.0 $93.0 to $112.0 $95.0 to $113.0 $320.0 to $384.0 

2- Mid-
Sacramento 
Region 

$0.0 to $0.0 $0.0 to $0.0 $238.0 to $285.0 $220.0 to $277.0 $458.0 to $562.0 

3- Feather River 
Region $12.0 to $15.0 $891 to $1,048.0 $399.0 to $479.0 $165.0 to $204.0 $1,467.0 to $1,746.0 

4- Lower 
Sacramento 
Region 

$7.0 to $8.0 $3,549.0 to $4,283.0 $0.0 to $0.0 $139.0 to $169.0 $3,695.0 to $4,460.0 

5- Delta North 
Region $12.0 to $15.0 $144.0 to $192.0 $367.0 to $440.0 $258.0 to $300.0 $781.0 to $947.0 

6- Delta South 
Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 $91.0 to $106.0 $91.0 to $106.0 

7- Lower San 
Joaquin 
Region 

$7.0 to $8.0 $626.0 to $809.0 $0.0 to $0.0 $93.0 to $107.0 $726.0 to $924.0 

8- Mid - San 
Joaquin 
Region 

$12.0 to $15.0 $0.0 to $0.0 $4.0 to $5.0 $84.0 to $97.0 $100.0 to $117.0 

9- Upper San 
Joaquin 
Region 

$29.0 to $38.0 $166.0 to $199.0 $152.0 to $183.0 $211.0 to $265.0 $558.0 to $685.0 

Total $91.0 to $114.0 $5,496.0 to $6,675.0 $1,253.0 to $1,504.0 $1,356
.0 to $1,638

.0 $8,196.0 to $9,931.0 

Note: 
All cost estimates are based on 2011 costs rounded to nearest $ million 
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3.2.3 Enhance Flood System Capacity Approach 
The Enhance Flood System Capacity Approach focuses on enhancing flood 
system storage and conveyance capacity to achieve multiple benefits. This 
approach combines componentcomponents of the above two approaches 
and provides more room within flood conveyance channels to lower flood 
stages throughout most of the system. This approach would represent a 
major realignment of the existing footprint and function of the flood 
management system. Flood system capacity enhancements would be 
designed on a systemwide scale to integrate multiple benefits, including 
environmental restoration and water supply reliability. 

In addition to improving the overall capacity of the system to convey large 
flood events, additional improvements would be made to protect urban 
areas and communities where a high threat to public safety exists. The 
projects and their associated costs for this approach are distributed among 
the nine regions, as presented in Table 3-8. 

System Improvements – System improvements are a significant element 
of the Enhance Flood System Capacity Approach.  Most of the system 
improvements componentcomponents are needed to expand the bypass 
system, make the needed levee improvements, or build new levees and 
needed facilities to move flood waters into and out of the bypass system.  
Fish passage improvements are also included in this approach.  The 
Enhance Flood System Capacity Approach also includes increases in flood 
storage in foothill reservoirs, and transitory storage on the floodplains.   

Table 3-1 identifies the system improvements included in this approach. 
Tables 4-1 to 4-11 describe the range of costs for the flood management 
components included in the system improvements. 

Urban Improvements - Urban improvements are a significant element of 
the Enhance Flood System Capacity Approach.  DWR Flood Project Office 
compiled a list of projects and preliminary cost estimates for achieving a 
200-year level of flood protection in the Central Valley.  This list was 
compiled using information from DWR projects and information from local 
flood maintenance agencies.  The Urban Improvements are the same as the 
Protect High-Risk Communities Approach and SSIA.  

Table 3-2 identifies the urban improvements included in this approach. 
Tables 4-12 to 4-14 describe the range of costs for the flood management 
components included in the urban improvements. 

Rural-Agricultural Improvements – In the Enhance Flood System 
Capacity Approach, Rural Agricultural Improvements focus on the wide 
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range of repairs identified in the NULE Program that provides extensive 
repairs to the rural levees throughout the system. It does not target a 
specified level of protection, but rather achieving the original design 
capacity of the SPFC.  

In addition, this approach includes setback levees at selected locations 
throughout the system and the associated environmental restoration of 
those areas returned to the floodplain.  This componentcomponent is not 
included in any of the other approaches.   

Table 3-3 identifies the rural-agricultural improvements included in this 
approach. Tables 4-15 to 4-20 describe the range of costs for the flood 
management components included in the rural-agricultural improvements. 

Residual Risk Management – Residual risk management is a minor part 
of the Enhance Flood System Capacity Approach because the need is 
expected to be less than the other approaches due to the significant 
investment in physical flood system improvements.  

Table 3-4 identifies the residual risk management elements included in this 
approach. Tables 4-21 to 4-25 describe the range of costs for the flood 
management components included in residual risk management. 
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Table 3-8 Improvement Costs for the Enhance Flood System Capacity Approach 

REGION 
System 

Improvements Urban Improvements Rural  Improvements Residual Risk 
Management Total Costs 

Low  High Low  High Low  High Low  High Low  High 

1- Upper 
Sacramento 
Region 

$315.0 to $447.0 $120.0 to $144.0 $510.0 to $638.0 $40.0 to $49.0 $985.0 to $1,278.0 

2- Mid-Sacramento 
Region $578.0 to $784.0 $0.0 to $0.0 $5,508.0 to $7,179.0 $117.0 to $152.0 $6,203.0 to $8,115.0 

3- Feather River 
Region $2,120.0 to $2,729.0 $891 to $1,048.0 $2,834.0 to $3,644.0 $81.0 to $102.0 $5,926.0 to $7,523.0 

4- Lower 
Sacramento 
Region 

$1,627.0 to $1,962.0 $3,549.0 to $4,283.0 $1,434.0 to $1,793.0 $59.0 to $72.0 $6,669.0 to $8,110.0 

5- Delta North 
Region $754.0 to $924.0 $144.0 to $192.0 $4,139.0 to $5,112.0 $145.0 to $161.0 $5,182.0 to $6,389.0 

6- Delta South 
Region $427.0 to $549.0 $0.0 to $0.0 $629.0 to $787.0 $37.0 to $45.0 $1,093.0 to $1,3810.0 

7- Lower San 
Joaquin Region $7.0 to $8.0 $626.0 to $809.0 $340.0 to $425.0 $48.0 to $59.0 $1,021.0 to $1,3010.0 

8- Mid - San 
Joaquin Region $778.0 to $1,129.0 $0.0 to $0.0 $1,370.0 to $1,847.0 $35.0 to $42.0 $2,183.0 to $3,018.0 

9- Upper San 
Joaquin Region $999.0 to $2,357.0 $166.0 to $199.0 $1,324.0 to $1,650.0 $91.0 to $116.0 $2,580.0 to $4,322.0 

Total $7,605.0 to $10,889.0 $5,496.0 to $6,675.0 $18,088.0 to $23,075.0 $653.0 to $798.0 $31,842.0 to $41,437.0 

Note: 
All cost estimates are based on 2011 costs rounded to nearest $ million 
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3.2.4 State Systemwide Investment Approach 
The SSIA provides guidance for future State participation in projects and 
programs for integrated flood management in the Central Valley.  The 
approach combines the most promising and cost-effective public safety, 
flood storage and conveyance, environmental conservation and restoration, 
and other elements of the preliminary approaches with policies, guidance, 
and improvements to routine State flood management functions. In general, 
this approach incorporates most elements of the Protect High-Risk 
Communities Approach. It adds the bypass expansions and new bypasses 
from the Enhance Flood System Capacity Approach. Based on observed 
rural-agricultural benefits from the Achieve SPFC Approach, select rural-
agricultural levee improvements are included without incorporating the 
extent or expense of the approach. 

The projects and their associated costs for this approach are distributed 
among the nine regions as presented in Table 3-9.  The locations of some of 
the major system improvements for the SSIA are shown for the Sacramento 
River Basin and the San Joaquin River Basin on Figures 3-1 and 3-2 
respectively. 

System Improvements – System improvements are a significant element 
of the SSIA.  Most of the system improvements componentcomponents are 
needed to expand the bypass system, make the needed levee improvements, 
or build new levees and needed facilities to move flood waters into and out 
of the bypass system.  Fish passage improvements are also included in this 
approach.   

Table 3-1 identifies the system improvements included in this approach. 
Tables 4-1 to 4-11 describe the range of costs for the flood management 
components included in the system improvements. 

Urban Improvements - Urban improvements are a significant element of 
the SSIA.  DWR FPO compiled a list of projects and preliminary cost 
estimates for achieving 200-year level of flood protection in the Central 
Valley.  This list was compiled using information from DWR projects and 
information from local flood maintenance agencies.   

Table 3-2 identifies the urban improvements included in this approach. 
Tables 4-12 to 4-14 describe the range of costs for the flood management 
components included in the urban improvements. 

Rural-Agricultural Improvements – In the SSIA, rural-agricultural 
improvements focus on those identified and known deficiencies at specific 
areas based on recent levee inspections rather than providing a very broad 
level of repairs and improvements for the entire rural levee system.  This is 
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intended to provide a more cost-effective approach to rural levee 
improvements that, when combined with some of the floodplain 
management componentcomponents, provides a mechanism that is 
available to address the flood threat for the approximately 20,000 houses 
identified in the rural areas protected by the SPFC.   

Table 3-3 identifies the rural-agricultural improvements included in this 
approach. Tables 4-15 to 4-20 describe the range of costs for the flood 
management components included in the rural-agricultural improvements. 

Residual Risk Management – Residual risk management is a significant 
part of the SSIA, by providing cost-effective alternative (through 
floodplain management componentcomponents) to provide protection 
(reduced risk) in rural floodplains through the enhanced flood emergency 
response and floodplain management componentcomponents (which is 
more comprehensive than in the other approaches). The floodplain 
management componentcomponents provide a mechanism that is available 
to address the flood threat for the approximately 20,000 houses identified 
in the rural areas protected by the SPFC.   

Table 3-4 identifies the residual risk management elements included in this 
approach. Tables 4-21 to 4-25 describe the range of costs for the flood 
management components included in residual risk management. 
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Figure 3-1.  Location of Major System Improvements in the Sacramento River  
Basin 
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Figure 3-2.  Location of Major System Improvements in the San Joaquin River 
Basin  
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Table 3-9.  Improvement Costs for the State Systemwide Investment Approach 

REGION 
System 

Improvements Urban Improvements Rural  Improvements Residual Risk 
Management Total Costs 

Low  High Low  High Low  High Low  High Low  High 

1- Upper 
Sacramento 
Region 

$109.0 to $180.0 $120.0 to $144.0 $154.0 to $168.0 $95.0 to $114.0 $478.0 to $606.0 

2- Mid-
Sacramento 
Region 

$234.0 to $340.0 $0.0 to $0.0 $360.0 to $379.0 $261.0 to $333.0 $855.0 to $1,052.0 

3- Feather River 
Region $1,695.0 to $2,139.0 $891 to $1,048.0 $282.0 to $289.0 $170.0 to $212.0 $3,038.0 to $3,688.0 

4- Lower 
Sacramento 
Region 

$1,627.0 to $1,962.0 $3,549.0 to $4,283.0 $77.0 to $88.0 $138.0 to $169.0 $5,391.0 to $6,502.0 

5- Delta North 
Region $754.0 to $924.0 $144.0 to $192.0 $604.0 to $634.0 $266.0 to $311.0 $1,768.0 to $2,061.0 

6- Delta South 
Region $427.0 to $549.0 $0.0 to $0.0 $47.0 to $52.0 $110.0 to $135.0 $584.0 to $736.0 

7- Lower San 
Joaquin Region $7.0 to $8.0 $626.0 to $809.0 $17.0 to $19.0 $82.0 to $97.0 $732.0 to $933.0 

8- Mid - San 
Joaquin Region $60.0 to $102.0 $0.0 to $0.0 $48.0 to $55.0 $81.0 to $96.0 $189.0 to $253.0 

9- Upper San 
Joaquin Region $229.0 to $297.0 $166.0 to $199.0 $183.0 to $189.0 $308.0 to $396.0 $886.0 to $1,081.0 

Total $5,142.0 to $6,501.0 $5,496.0 to $6,675.0 $1,772.0 to $1,873.0 $1,511.0 to $1,863.0 $13,921.0 to $16,912.0 

Note: 
All cost estimates are based on 2011 costs rounded to nearest $ million 
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4.0 Flood Management Elements 
This section documents the cost assumptions details for the following four 
primary flood management elements:   

1. System Improvement Element 

2. Urban Improvement Element 

3. Rural-Agricultural Improvement Element 

4. Residual Risk Management Element 

The flood management elements used in this preliminary cost estimate are 
at an appraisal level of detail, and should be used for planning purposes 
only.  These cost estimates will be further refined in future feasibility 
studies. 

4.1 System Improvement Element 

The bypass and levee system of the SPFC have provided systemwide 
benefits of flood protection.  The System improvements are intended to 
improve the flood operations for the system as a whole and provide areas to 
enhance the ecosystem. These systemwide improvements would lower 
peak flood flows throughout the system from the reservoirs downstream, 
providing further improvements in flood protection for urban, small 
communities, and rural-agricultural areas. 

This flood management element includes purchasing land and easements 
for the bypasses and levees, making environmental improvements to the 
lands included in the expanded bypasses.  Additional and improved flood 
management structures are needed to pass the flood flows into and out of 
the bypass system.  This includes weirs, gates, pumping plants, fish 
screens, and bypass structures to improve fish passage.  Reservoir 
improvements for flood protection include improved and coordinated 
operations and expanded flood storage. In addition to using the foothill 
reservoirs to manage the flood peaks, additional storage is being considered 
on the valley floor.  Historic use of the bypass system has resulted in 
sedimentation near some of the gates and weirs in the bypasses that reduces 
their performance. Therefore, rehabilitation of existing facilities is also 
required. 



Attachment 8J: Cost Estimates –  
Appendix A. CVFPP Cost Estimate Methodology 

4-2 February 2012 

The locations of the major system improvements for the Sacramento River 
Basin and San Joaquin River Basin are shown in Figures 3-1 and 3-2, 
respectively. The flood management components identified to support 
System improvements include: 

• Land acquisition 

• Agricultural conservation easement 

• Ecosystem restoration and enhancement 

• Levee improvements for new and expanded bypasses 

• New levee construction 

• Improving existing levees 

• Flood system structures 

• Major flood system structures 

• Fish passage structures 

• Forecast-Coordination Operations (F-CO) and Forecast-Based 
Operations (F-BO) 

• New reservoir flood storage/enlarge flood pool 

• Easements 

• System erosion and bypass sediment removal projects 

Each of these system improvement flood management elements is 
described in detail below and includes assumptions used for the planning-
level cost estimates. 

4.1.1 Land Acquisition 
The land acquisition component includes the purchase of lands (fee and 
title) needed for expansion and extension of the bypasses identified in the 
CVFPP Framework.  The specific projects and the associated land 
acquisition acreages are listed in Table 4-1.  The cost to acquire lands 
varies throughout the Sacramento and San Joaquin River Basins due in part 
to their location relative to urban areas, and the existing agricultural 
development (i.e., lands with permanent crops have a higher cost than 
annual crops).  The range of cost estimates for land acquisition is listed in 
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Table 4-2.  Land acquisition costs are based on a market value analysis and 
include costs of structure relocations.  Additional information on 
development of land acquisition acreage and cost are included in 
Attachment 8J, Appendices B through E. 

Table 4-1.  Land Acquisition Acreage for Bypass Expansions 
Name Region Area (acres) 

Feather River Bypass Feather River Region 5,000 

Sutter Bypass Expansion Feather River Region 4,000 

Yolo Bypass Expansion Lower Sacramento and 
Delta North Regions 25,500 

Sacramento Bypass Expansion Lower Sacramento Region 1,300 

Lower San Joaquin Bypass 
Expansion Delta South Region 1,000 

Total  36,800 

Table 4-2.  Land Acquisition Costs for Bypass Expansions 
Region Land Purchase Price ($/acre) 

1- Upper Sacramento $10,000 to $12,000 

2- Mid-Sacramento $10,000 to $12,000 

3- Feather River $15,000 to $17,000 

4- Lower Sacramento $18,000 to $20,000 

5- Delta North $12,000 to $14,000 

6- Delta South $12,000 to $14,000 

7- Lower San Joaquin $15,000 to $17,000 

8- Mid-San Joaquin $11,000 to $13,000 

9- Upper San Joaquin $11,000 to $13,000 

4.1.2 Agricultural Conservation Easements 
Agricultural conservation easements include lands on the landward side of 
levees that will be preserved in current land use (primarily agriculture). 
This will also reduce future development in the floodplains.  While specific 
agricultural conservation easements (acreages) have not been identified at 
this time, the assumptions for the distribution of agricultural conservation 
easements are listed in Table 4-3.  The cost for agricultural conservation 
easements is estimated to be 35 percent of the cost to purchase lands (listed 
in Table 4-2).  Agricultural conservation easement costs estimated at 35 
percent of the actual land-use costs are based on the range of agricultural 
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easement costs from other projects in the Central Valley identified by 
DWR Flood Projects Office and Flood Maintenance Office. 

Table 4-3.  Agricultural Conservation Easements 
Region Area (acres) 

1- Upper Sacramento 5,000 to 10,000 

2- Mid-Sacramento 10,000 to 15,000 

3- Feather River 15,000 to 25,000 

4- Lower Sacramento 5,000 to 10,000 

5- Delta North 5,000 to 10,000 

6- Delta South 10,000 to 15,000 

7- Lower San Joaquin 0 to 0 

8- Mid-San Joaquin 10,000 to 15,000 

9- Upper San Joaquin 10,000 to 15,000 

Total 70,000 to 115,000 

4.1.3 Ecosystem Restoration and Enhancement 
The ecosystem restoration and enhancement elements are integrated within 
two of the approaches and are primarily associated with the system 
improvements.  These include development of habitat within the flood 
corridor described in this section, and fish passage improvements that are 
presented in the Flood System Structures section. 

The ecosystem restoration and enhancement elements include the costs for 
making environmental enhancements to the lands acquired for bypass 
expansions to improve habitat and provide for a more contiguous habitat 
throughout the flood protection system.  The land acreage estimates are 
based on individual bypass areas identified in the CVFPP.  Acreages 
estimates based on GIS analysis are listed in Table 4-4. These reflect a 
fairly uniform distribution of the acreage throughout the area where bypass 
expansions are planned. This may be modified, based on future studies, to 
reflect environmental conservation priorities. 

For planning purposes, it was estimated that 25 percent of the lands 
acquired for bypass expansion would be developed for environmental 
conservation.  The remaining 75 percent of the lands (not used for levee 
construction) would be leased back to farmers for environmentally friendly 
agricultural practices such as planting of corn, rice, and other grains. For 
the Sutter Bypass Expansion it was assumed that 50 percent of the lands 
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acquired for the bypass expansion would be developed for environmental 
conservation. 

The costs for environmental conservation are estimated to range from 
$35,000 to $45,000 per acre. These cost estimates are based on recent 
environmental conservation in the Sacramento River Basin identified by 
DWR Division of Flood Management, which includes activities such as 
permitting and planting native vegetation. 

The Enhanced Flood System Capacity Approach and the State Systemwide 
Investment Approach include $50 million for ecosystem improvement 
projects associated with the Upper San Joaquin River Restoration. 

Table 4-4.  Environmental Conservation Acreages 
Name Region Area (acres) 

Feather River Bypass Feather River 1,300 

Sutter Bypass Expansion Feather River 2,000 

Yolo Bypass Expansion Lower Sacramento and Delta 
North 6,500 

Sacramento Bypass Expansion Lower Sacramento 400 

Lower San Joaquin Bypass 
Expansion Delta South 300 

Total  10,500 

4.1.4 Levee Improvements for New and Expanded 
Bypasses 

Improvements to the flood protection system levees for bypass expansion 
are intended to cost effectively expand the capacity of the SPFC by 
removing known flow constraints and increase the capacity of the bypasses 
to carry more water at a lesser stage.  This approach includes building new 
levees where needed to extend or expand the bypass capacity and, where 
appropriate, make improvements to existing levees to bring them up to 
current levee performance criteria.  In the case of expanded bypasses, the 
approach only moves the levee on one side of the bypass to provide the 
increased capacity, and improves the levee on the other side to meet the 
current performance standards.  For purposes of this analysis, generally 
levees on the uphill side of the bypass would be improved while the levees 
on the downhill side of the bypass would be relocated.  The specifics of the 
system levee improvements are described below. 

New Levee Construction 
New levee construction includes levees needed to construct new or 
expanded bypasses identified in the CVFPP.  The levee lengths were 



Attachment 8J: Cost Estimates –  
Appendix A. CVFPP Cost Estimate Methodology 

4-6 February 2012 

estimated based on GIS analysis at the specific levee locations listed in 
Table 4-5. These lengths are rounded up to the nearest half mile. Costs for 
the new levee construction are estimated to range from $22 million (low) to 
$26 million (high) per levee mile.  These estimates are based on recent 
urban levees constructed for SAFCA and Three Rivers Levee Improvement 
Authority (TRLIA) projects. 

Table 4-5.  New Levees Needed for System Improvements 

Name Region Length 
Estimated Range 

of Costs 
($ millions) 

Cherokee Canal – left bank Feather River 15.5 miles $341 to $403 

Sutter Bypass – left bank Feather River 15 miles $330 to $390 

Sacramento Bypass – left 
bank Lower Sacramento 2.0 miles $44 to $52 

Yolo Bypass near Freemont 
Weir left bank Lower Sacramento 2.5 miles $55 to $65 

Yolo Bypass upstream of 
Putah Creek – right bank Lower Sacramento 16.5 miles $363 to $429 

Yolo Bypass downstream of 
Putah Creek and near Rio 
Vista – right bank 

Delta North 18.5 miles $407 to $481 

Lower San Joaquin Bypass 
Expansion Paradise 
Cut/San Joaquin River – left 
bank 

Delta South 7.5 miles $165 to $195 

Total  77.5 miles $1,705 to $2,015 

Improving Existing Levees 
This component includes improving existing levees that provide a system 
benefit as identified in the CVFPP.  The levee lengths were estimated based 
on GIS analysis.  Levee lengths are based on the specific levee locations 
listed on Table 4-6.  The cost estimates range from $14 million (low) to 
$18 million (high) per levee mile. The cost estimates are based on per-mile 
estimates from the DWR Levee Evaluations Program included in 
Attachment 8J, Appendices B and C. The selected levee improvements for 
expanding and extending the bypass system required a total of 77.5 miles 
of new levees and improvements to 23.5 miles of existing levees. 
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Table 4-6.  Levee Repairs Needed for System Improvements 

Name Region Length 
Estimated 

Range of Costs 
($ millions) 

Cherokee Canal – right bank Feather River 15.0 miles $210 to $270 

Sacramento Bypass – right 
bank Lower Sacramento 2.0 miles $28 to $36 

Lower San Joaquin Bypass 
Expansion Paradise 
Cut/San Joaquin River – 
right bank 

Delta South 6.5 miles $91 to $117 

Total  23.5 miles $329 to $423 

4.1.5 Flood System Structures 
In addition to the improvements and expansion of the levee system 
identified above, improvements are needed to existing hydraulic structures 
to improve the ability to move flood waters into and out of the bypass 
system, and provide additional ecosystem benefits such as supporting 
improved fish passage (described below).  The major flood system 
structures are identified in Table 4-7.  Where available, facility-specific 
cost estimates were used for the new system improvements.   When no 
information was available for identified new facilities, the facility-specific 
cost estimates were used to guide cost estimates.  Costs for additional 
improvements needed to increase or restore capacity for existing facilities 
were identified and estimated by the DWR Flood Maintenance Office. 
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Table 4-7.  Flood System Structures Included in System 
Improvements 

Major Flood System Structures Region 
Estimated 
Range of 

Costs 
($ millions) 

Intake  Structure for Feather River Bypass Feather River $30 to $35 

Butte Basin Small Weir Structures Upper Sacramento $15 to $20 

Upgrade and Modification of Colusa and 
Tisdale Weirs and Modification to County 
B id

Mid-Sacramento $25 to $35 

Freemont Weir Widening Mid-Sacramento $25 to $40 

Sacramento Weir Widening and Automation Lower Sacramento $200 to $240 

Gate Structures and/or Weir for new Lower 
San Joaquin Bypass (Paradise Cut) 

Delta South $20 to $25 

Upgrade Structures in the Upper San Joaquin 
Bypasses (includes Chowchilla, Mariposa, 
and East Side Bypasses) 

Upper San Joaquin $45 to $55 

Low Level Reservoir Outlets on New Bullards 
Bar Feather River $35 to $50 

Identified Flood Structure Improvements Various $133 to $192 

TOTAL  $528 to $692 

4.1.6 Fish Passage Structures 
Additional ecosystem benefits such as supporting improved fish passage 
can be included in the expansion and improvements to the bypass system as 
identified above.  Fish passage improvement opportunities include 
primarily projects located within the SPFC, but also include additional 
projects located outside the SPFC that are critical to fish passage through 
the SPFC. Fish passage priorities developed based on information from the 
CVFPP Attachment 9C: Fish Passage Assessment. 

No detailed costs estimates are available for the fish passage improvements 
being considered at this time, so the costs were approximated using 
information from other comparable projects.  A 2003 draft report of 
alternative fish passage improvement projects on the Yuba River at 
Daguerre Point Dam that evaluated eight concepts for improving fish 
passage with costs ranging from $2.5 million to $97 million was used to 
bookend potential fish passage improvement costs.  This report 
demonstrates the potential range of costs for an individual fish passage 
improvement project, which depends on location, number, and size of the 
required improvements. The projects identified at this time (and their 
estimated project costs) are listed in Table 4-8. 
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Table 4-8.  Fish Passage Improvements Included in System 
Improvements 

Major Fish Passage Improvement 
Structures Region 

Estimated 
Range of 

Costs 
($ millions) 

Sutter Bypass and Streams East of Butte Basin Feather River $80 to $85 

Fremont Weir Improved Fish Passage Lower 
Sacramento $15 to $20 

Yolo Bypass Fish Passage Improvements/Willow 
Slough Weir 

Lower 
Sacramento $30 to $40 

Deer Creek Project Upper 
Sacramento $5 to $10 

TOTAL  $110 to $155 

Additional activities to improve fish passage include the following. 

• Fish Passage Collaboration – This component includes collaboration 
activities with the U.S. Department of the Interior, Bureau of 
Reclamation and other agencies to advance fish passage opportunities.  
Costs for these activities are estimated at $25 million, and are included 
in the risk assessment, feasibility, engineering, and permitting of the 
fish passage projects. The collaboration activities may include the 
following reservoirs: 

- Shasta 

- Keswick 

- Cottonwood 

- Red Bluff Diversion 

- New Bullards Bar 

- Daguerre Point 

- Englebright 

- Thermalito Diversion 

- Oroville dams 

- New Melones 

- Tulloch 

- Camanche 

- Pardee 

- Don Pedro 

- New Hogan 
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- Exchequer 

- Webster 

- La Grange 

- McSwain  

- Friant 

- Goodwin 

• Fish Passage Feasibility Studies – This component includes fish 
passage assessments and feasibility studies to improve fish passage 
opportunities for SPFC facilities.  Costs for these activities are included 
in the risk assessment, feasibility, engineering, and permitting, of the 
residual risk management cost element. 

4.1.7 Reservoir Operations – Forecast-Coordinated 
Operations/Forecast-Based Operations 

Forecast-Coordinated Operations and Forecast-Based Operations provide 
systemwide flood benefits by supporting the coordinated reoperation of 
multiple reservoirs on both the Sacramento River Basin (up to seven 
reservoirs) and the San Joaquin River Basin (up to eight reservoirs).  The 
costs are estimated to range from $4.5 million to $6.0 million per reservoir 
to develop F-CO/F-BO capabilities.  The total cost for this component is 
estimated to range from $69 to $90 million. These costs are estimated 
based on current F-CO project costs for Yuba-Feather River Basin 
Forecast-Coordinated Operations.  The range of costs for this element was 
reviewed by the DWR Hydrology and Flood Operations Office. 

4.1.8 New Reservoir Flood Storage/Enlarge Flood Pool 
This flood management component includes additional storage developed 
in existing foothill reservoirs, either through physical improvements to the 
facilities or for the costs to replace water supply lost through increasing the 
flood storage conservation pool. 

It should be noted that the enlargement of Folsom Dam to provide 
additional flood storage has already been authorized as part of the 
improvements to increase the level of flood protection to the City of 
Sacramento, so it is included in the urban improvements. Raising Shasta 
Dam to increase the flood conservation pool was also considered, but is not 
included because it was not determined to be cost effective for flood 
management. The costs presented in Table 4-9 are estimated based on prior 
reports.  Some of the data sources used to estimate the range of costs for 
new flood storage or multipurpose facilities or replacement for water 
supplies to mitigate for storage reallocation or reoperation include: 
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• Shasta Lake Water Resources Investigation (Reclamation, 2011) 

• North of Delta Offstream Storage (DWR, 2010) 

• Upper San Joaquin River Basin Storage Investigation (Reclamation, 
2008) 

• Formulation and Analysis of Alternatives for Supplemental Flood 
Control Program on the Yuba River (YCWA, 1999) 

Table 4-9.  New Reservoir Flood Storage 

New Reservoir Storage Region 
Estimated 
Range of 

Costs 
($ millions) 

Lake Oroville and New Bullards Bar Feather River $200 to 300 

Don Pedro and McClure Reservoirs Mid-San Joaquin $400 to $600 

Friant Dam  or New Upstream Reservoir Upper San 
Joaquin $500 to $1,500 

Total  $1,100 to $2,400 

4.1.9 Easements 
Easements include the temporary and periodic storage of peak flood flows 
from adjacent rivers or waterways through the modification of certain 
floodplain areas acquired through easement or fee title.  While specific 
transitory storage locations were not identified, the regional assumptions of 
the need for and corresponding costs for transitory storage are listed in 
Table 4-10.  These estimates are based on the assumption of needing 
approximately 200,000 acre-feet of storage in the Sacramento River Basin, 
and 100,000 acre-feet of storage in the San Joaquin River Basin, based on 
preliminary hydraulic modeling studies. Additional facilities such as flow 
control structures are needed in addition to the acreage requirements listed 
in Table 4-10.  The costs include estimates for the easements and facilities.  
The land acreage costs were estimated to be 60 percent of the region’s land 
purchase costs listed in Table 4-2 for the low and high ends of the range.  
Additional information about the land costs is included in Attachment 8J, 
Appendices B-E. Table 4-10 includes the costs for the additional facilities 
needed to move water into and out of the easements.  The costs for these 
facilities were estimated using the approach used to estimate the new flood 
structures listed above. 
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Table 4-10.  Easements 

Region Area (acres) Estimated Range of 
Costs ($ millions) 

1- Upper Sacramento 10,000 to 15,000 $165 to $213 

2- Mid-Sacramento 20,000 to 25,000 $275 to $355 

3- Feather River 5,000 to 10,000 $140 to $172 

4- Lower Sacramento None $0 

5- Delta North None $0 

6- Delta South None $0 

7- Lower San Joaquin None $0 

8- Mid-San Joaquin 10,000 to 15,000 $174 to $222 

9- Upper San Joaquin 5,000 to 10,000 $116 to $148 

Total 50,000 to 75,000 $870 to $1,110 

4.1.10 System Erosion and Bypass Sediment Removal 
Projects 

System erosion and bypass sediment removal projects address the need to 
remove sediment that has accumulated over time in the bypasses and 
behind weirs.  These projects are necessary to maintain proper functioning 
of the bypass system.  While sediment removal can be considered a routine 
operations and maintenance (O&M) cost, these projects identified here 
represent specific large-scale projects that have been identified at this point 
in time as a result of deferred maintenance. It is anticipated that 
maintenance will be performed on a routine and ongoing basis to avoid 
such projects in the future.  Table 4-11 lists the sediment removal projects 
included as part of the system improvement flood management 
components. 
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Table 4-11.  System Erosion and Bypass Sediment Removal 

Region Estimated Range of 
Costs ($ millions) 

1- Upper Sacramento None 

2- Mid-Sacramento 
Cache Creek Settling Basin Sediment Management 
Project 

$30 to $35 

3- Feather River None 

4- Lower Sacramento 
Sacramento System Sediment Remediation 
Downstream from Weirs 

$30 to $40 

5- Delta North None 

6- Delta South  None 

7- Lower San Joaquin  None 

8- Mid-San Joaquin None 

9- Upper San Joaquin  None 

Total $60 to $75 

4.2 Urban Improvement Element 

Urban areas located within the areas protected by the facilities of the SPFC 
and non-SPFC appurtenant facilities are defined as a developed area in 
which there are 10,000 residents or more. The SPFC provides flood 
protection to close to 1 million people living in urban areas.  The urban 
areas located within the SPFC are generally concentrated in a few regions 
(Feather River, Lower Sacramento, and Lower San Joaquin) in the 
Sacramento and San Joaquin river basins as shown on Figures 4-2 and 4-3. 

Three options are considered for urban improvements. 

4.2.1 Option 1: 200-Year Level of Protection Projects 
In this option, the urban areas are looking to achieve an urban level of 
protection that is defined as the ability to withstand flooding that has a 1-in-
200 chance of occurring in any given year using criteria consistent with, or 
developed by, the DWR. 

DWR Flood Project Office compiled a list of projects and preliminary cost 
estimates for achieving 200-year level of flood protection in the Central 
Valley.  This list was compiled using information provided by local 
agencies to DWR. Table 4-12 lists projects that were identified for 
inclusion as urban improvements. 
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Because many of these projects have a higher level of engineering and 
include allowances for engineering contingencies in their estimates, the risk 
assessment, feasibility, engineering, and permitting costs are set at 20 
percent of the estimated project cost instead of 25 percent as is for the other 
improvements. This markup is included on the project list shown in Table 
4-12. 

A project cost was provided by DWR Flood Projects Office for each urban 
area. For purposes of this cost estimate, these were estimated to be low 
cost. In most cases, the low project cost estimate was increased by 20 
percent to provide the high end of the cost estimate.  For projects that have 
advance design studies, or are in progress or completed, the low and high 
costs are the same (i.e. 0 percent increase between low and high estimate). 
These  projects also have a higher level of engineering already completed 
compared to other urban improvement projects, so there are no additional 
risk assessment, feasibility, engineering, and permitting costs included in 
the estimates. 

Option 1 costs are used in the Protect High-Risk Communities Approach, 
Enhance Flood System Communities Approach, and the SSIA. 

Table 4-12.  Flood Risk Reduction Projects Included in Urban 
Improvements 

Name Region Estimated Range of 
Costs ($ millions) 

Chico Urban Levee Improvements Upper Sacramento $100.0 to $120.0 

Sutter County Feasibility Study Feather River $8.5 to $10.2 

Feather River West Levee SBFCA Feather River $245.0 to $294.0 

LD1-EIP-Lower Feather River Setback 
Levee at Star Bend * Feather River $20.8 

Marysville Ring Levee Reconstruction Feather River $161.9 to $194.3 

Yuba River Basin GRR Feather River $15.4 to $18.5 

TRLIA – EIP – Feather River Levee 
Improvement Project  Feather River $222.0 to $266.4 

TRLIA – EIP – Upper Yuba River Levee 
Improvement Project * Feather River $68.0 

RD 2103 EIP - Bear River North Levee 
Rehabilitation * Feather River $18.2 

American River Common Components 
Project/GRR Lower Sacramento $12.8 to $15.4 

American River Common Components-
WRDA96/99 Projects/Remaining Sites Lower Sacramento $282.0 to $338.4 

Folsom Dam Modifications  - Joint Federal 
Project (Gated Auxiliary Spillway) Lower Sacramento $800.0 to $1,000.0 
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Table 4-12.  Flood Risk Reduction Projects included in Urban 
Improvements (contd.) 

Name Region Estimated Range of 
Costs ($ millions) 

Folsom Dam Raise – Reservoir 
Enlargement Lower Sacramento $125.0 to $130.0 

Folsom Dam Raise,  Bridge Element and 
Implementation Lower Sacramento $130.0 to $140.0 

South Sacramento County Streams Lower Sacramento $104.0 to $124.8 

SAFCA-EIP-NCC Natomas Levee 
Improvement Project Lower Sacramento $70.0 to $84.0 

SAFCA-NLIP, Natomas Levee 
Improvement Project Lower Sacramento $310.0 to $372.0 

Natomas Basin Design and Construction Lower Sacramento $385.0 to $462.0 

Magpie Creek Project Lower Sacramento $9.8 to $11.8 

American River South and Sacramento 
River Future Improvements Lower Sacramento $500.0 to $600.0 

Slip Repair Lower Sacramento $53.0 to $63.6 

WSAFCA-EIP-CO West Sacramento Lower Sacramento $105.0 to $126.0 

West Sacramento Project GGR Lower Sacramento $10.0 to $12.0 

Woodland/ Lower Cache Creek Feasibility 
Study and Implementation Lower Sacramento $190.0 to $210.0 

Davis-Willow Slough Lower Sacramento $30.0 to $36.0 

Lower San Joaquin Feasibility Study Lower San Joaquin $15.4 to $18.5 

RD 17-EIP-100-Year Levee Seepage 
Area Project Lower San Joaquin $76.0 to $91.2 

Mormon Slough Bypass/ Stockton 
Diverter Canal Lower San Joaquin $40.0 to $48.0 

Smith Canal Closure Structure (EIP 
Project) Lower San Joaquin $30.0 to $36.0 

Merced County Streams Group (Bear 
Creek Unit) Upper San Joaquin $137.7 to $165.2 

TOTAL  $4,277.0 to $5,097.0 
Key:  
EIP = Early Implementation Program 
GRR = General Reevaluation Report 
LD = lacking sufficient data 
NCC = Natomas Cross Canal 
NLIP = Natomas Levee Improvement Project 

RD = Reclamation District 
SAFCA = Sacramento Area Flood Control Agency 
SBFCA = Sutter Buttes Flood Control Agency 
TRLIA = Three Rivers Levee Improvement 
Authority 
WSAFCA = West Sacramento Area Flood Control 
Agency 

Notes: 
* Construction of flood improvement project is completed. Not cost range is identified and contingencies for 
risk assessment, feasibility, and permitting are not applied.   
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4.2.2 Option 2: Urban Levee Improvements to Achieve 
SPFC Design Flow Capacity 

The ULE Program evaluated the condition of approximately 290 miles of 
SPFC urban levees and the cost of the necessary remediations.  The ULE 
Program cost estimates used in this analysis are based on achieving the 
SPFC design capacity, but may not necessarily provide the 200-year level 
of protection established as one of the goals of the CVFPP.  In this option, 
repairs to urban project levees were identified by the Urban Levee 
Evaluations Program.  Table 4-13 summarizes the extent of the levee 
repairs needed for the urban areas included in the ULE Program.  While 
this option improves the urban levees to achieve the SPFC design flow 
capacity, the actual level of flood protection varies with location and may 
not provide a 200-year level of flood protection.  Additional analysis is 
needed to determine the level of protection provided from implementation 
of this option. 

The levee repair lengths shown in Table 4-13 represent the repair lengths 
(determined independently) for structural remediations, erosion 
remediations, freeboard and geometry remediations, and pier wall or joint 
remediations.  As such, the repair lengths may differ from the total levee 
length shown in Table 4-13.  The costs used in Table 4-13 are estimates 
from the ULE Program (Attachment 8J, Appendix B) and were used as the 
low end of the costs estimate. 



4.0 Flood Management Elements 

February 2012 4-17 

Table 4-13.  SPFC Urban Levee Improvements from the Urban Levee 
Evaluation Program 

Urban Area Region 
Total Levee 

Length 
(Feet) 

Levee Repair
Length (Feet) 

Estimated Range
of Repair Costs 

($ millions) 

Marysville Feather River 39,220 43,830 $146 to $176 

RD 784 Feather River 22,940 35,750 $62 to $75 

Sutter Feather River 241,970 262,140 $790 to $948 

American River Lower Sacramento 9,910 9,910 $17 to $21 

Natomas NWS Lower Sacramento 40,040 40,040 $123 to $148 

Natomas EMDC 
East Lower Sacramento 38,000 30,740 $123 to $148 

Natomas EMDC 
West Lower Sacramento 76,880 79,120 $128 to $154 

Sacramento River Lower Sacramento 18,400 28,900 $174 to 209 

West Sacramento Lower Sacramento 84,600 77,620 $395 to $474 

Davis Lower Sacramento 96,500 139,550 $150 to $180 

Woodland Lower Sacramento 82,800 125,510 $168 to $202 

RD 17 Lower San Joaquin 50,400 48,500 $135 to $ 162 

RD 404 Lower San Joaquin 10,300 20,600 $26 to $32 

SJAFCA 
Calaveras River Lower San Joaquin 7,690 7,680 $22 to $27 

SJAFCA Bear 
Creek Lower San Joaquin 86,910 23,910 $17 to $21 

Total  906,560 973,280 $2,476 to $2,977 

4.2.3 Option 3: Non-SPFC Urban Levee Improvements  
This component includes improving existing non-SPFC urban levees.  
There are approximately 120 miles of non-SPFC urban levees that support 
the SPFC urban levees to provide some level of flood protection.  The 
levee lengths were estimated based on GIS analysis. The conditions of 
these levees will not be evaluated by ULE until 2013.   For purposes of this 
cost estimate it was assumed that some level of repair to these levees would 
be necessary to avoid having weak links in the urban flood protection.  
These levees are typically located on the tributary streams and not in the 
deep floodplain, so they may be smaller than other urban levees.  In 
addition, some of these levees in the Stockton area have already had some 
improvements completed through the efforts of the San Joaquin Flood Area 
Flood Control Agency. As a result, the improvements for the non-SFPC 
urban levees are lower than the SPFC urban levees (Attachment 8J, 
Appendix B) and are estimated to range from $6 million (low) to $8 million 
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(high) per levee mile.  Table 4-14 presents the distribution of the non-SPFC 
levee miles and estimated costs used in this estimate. 

Option 3 costs are used in the Achieve SPFC Design Capacity Approach, 
Protect High-Risk Communities Approach, Enhance Flood System 
Communities Approach, and the SSIA. 

Table 4-14.  Non-SPFC Urban Levee Improvements 

Region Estimated Levee 
Length (miles) 

Estimated Range of Costs
($ millions) 

1- Upper Sacramento 0 $0 

2- Mid-Sacramento 0 $0 

3- Feather River 0 $0 

4- Lower Sacramento 40 $240 to $320 

5- Delta North 20 $120 to $160 

6- Delta South  0 $0 

7- Lower San Joaquin  60 $360 to $480 

8- Mid-San Joaquin 0 $0 

9- Upper San Joaquin  0 $0 

Total 120 $720 to $960 
Key: 
SPFC = State Plan of Flood Control

4.3 Rural-Agricultural Improvement Element 

The Rural-Agricultural Improvements flood management element 
addresses the flood protection needs of the largely agricultural rural areas 
and the small communities that are disbursed throughout these areas (both 
located within the area protected by the SPFC). 

In contrast to the urban areas, the rural-agricultural areas include a total 
population of approximately 100,000, which are disbursed throughout the 
areas protected by the SPFC.  In the Sacramento and San Joaquin river 
basins, much of the lands in the rural-agricultural areas are agricultural, and 
landowners cannot afford the level of flood protection proposed for the 
urban areas. 

For planning purposes, a cost improvement threshold of $30,000 per person 
(approximately $100,000 per household) threshold was established to 
determine the type and extent of improvements that may be practical and 
cost effective for the rural-agricultural areas.  Two methods are considered 
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to address the flood threat in rural-agricultural areas. If costs for structural 
methods exceed the threshold, then non-structural methods would be used, 
as follows: 

• Structural methods include repairs to existing rural-agricultural levees 
and/or the construction of new levees.  These include the small 
community improvements and the rural-agricultural levee 
improvements. 

• Nonstructural methods include flood-proofing houses or purchasing and 
relocating houses (estimated to be applied in the rural-agricultural 
areas).  These nonstructural methods are described later in the 
floodplain management element of residual risk management. 

4.3.1 Small Community Improvements 
There are small communities at high flood risk in the rural-agricultural 
areas.  Some of the small communities that are subject to flooding are 
located in low-lying areas or adjacent to the rivers and may already have 
some level of flood protection offered by existing levees.  Table 4-15 
presents the distribution of the small communities by region. 

Table 4-15.  Identified Small Communities within State Plan of Flood 
Control 

Region Small Communities 

1- Upper Sacramento  Durham, Gerber-Las Flores 

2- Mid-Sacramento  Knights Landing, Glenn, Meridian, Colusa, Grimes, Butte 
City, Robbins, Princeton 

3- Feather River  Verona, Biggs, Gridley, Live Oak, Sutter, Tierra Buena, 
Wheatland 

4- Lower Sacramento   

5- Delta North  Rio Vista, Clarksburg, Courtland, Hood, Walnut Grove, 
Isleton 

6- Delta South   

7- Lower San Joaquin   

8- Mid-San Joaquin  Grayson 

9- Upper San Joaquin  Dos Palos, South  Dos Palos, Firebaugh 

Total  
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The assumptions for estimating the small community improvement costs 
are listed below.  Because the small community improvements are 
addressed differently in each approach, they are all described here and 
summarized in Table 4-16.  Attachment 8J, Appendix D, provides 
additional information about the small community cost estimates. 

Table 4-16.  Comparison of Levee Improvements for Small 
Communities 

 

Achieve 
SPFC 

Design 
Flow 

Capacity 
Approach 

Protect High 
Risk 

Communities 
Approach 

Enhance 
Flood 

System 
Capacity 
Approach 

State 
Systemwide 
Investment 
Approach 

Number of 
Communities 
Receiving Improved 
Flood Protection from 
System, Urban or 
Rural-Agricultural 
Improvements 

27 5 16 5 

Number of 
Communities Explicitly 
Protected by Small 
Community 
Improvement 

None 22 11 15 

Number of 
Communities 
Receiving Benefits 
from Improved 
Floodplain 
Management  

None None None 7 

Approximate New 
Levee Miles None N/A 601 403 

Approximate Fixed 
Levee Miles 602 N/A 602 403 

Combined Fixed/New 
Levee Miles None 120 N/A 80 

Estimated Population  
benefited from Small 
Community 
Improvement 

None 47,000 47,000 39,000 

Estimated Cost None $1,003 million $344 million $555 million 
Notes: 
1  Estimated one-half of the total levee miles for the small communities would be new. 
2  Existing levees around small communities would be improved as part of the recommendations from 
the Non-Urban Levee Evaluation Program.  Estimated one-half of the total miles would receive repairs. 
3  The 80-mile estimate is the total length of new levees (40-miles) and improved levees (40-miles) 
needed to protect the selected 15 communities. 
Key: 
N/A = Not Applicable 
SPFC = State Plan of Flood Control 
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4.3.2 Rural-Agricultural Levee Improvements 
The facilities of the SPFC currently provide flood protection to rural-
agricultural areas through the approximately 1,200 miles of rural-
agricultural levees.  These levees provide varying degrees of flood 
protection to different areas, and differ in their condition and state of repair.  
The need for improvements to the rural levee system has been recently 
identified though two separate options: 

• Option1 – Site-specific rural-agricultural improvements 

• Option 2 – NULE Program 

Option 1: Site Specific Rural-Agricultural Improvements 
The alternative rural-agricultural improvements include improvements 
identified from recent levee inspections and other levee deficiencies as 
described below. 

• 2011 Levee Inspection Reports for the Sacramento and San 
Joaquin Basins – The results of the 2011 inspections identified more 
than 40 miles of levee repairs on the nonurban levees of the SPFC in 
both the Sacramento and San Joaquin river basins.  These include 
repairs on the water side and land side of the levees. The levee repair 
lengths and estimated repair costs are summarized by region in Table 4-
17.  Cost estimates were provided by DWR Flood Maintenance Office. 

• Levee Improvements – Levee improvements includes levee freeboard 
improvements identified in the NULE Program (Attachment 8J, 
Appendix C – Non-Urban Levee Evaluations Project Remediation 
Alternatives and Cost Estimate Report). Improvements are estimated 
for all rural levees (1,200 miles) less system bypass levees 
(approximately 350 miles) by region.  Table 4-18 includes the 
estimated distribution of levee miles and approximate costs. 
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Table 4-17.  Erosion Repair Needs and Cost Estimate per Region 

Region 
Erosion 
Length 
(feet) 

Repair 
Length 
(feet) 

Estimated Costs ($ 
millions) 

1- Upper Sacramento 628 942 $2.3 

2- Mid-Sacramento 31,607 47,410 $118.5 

3- Feather River 7,416 11,125 $27.8 

4- Lower Sacramento 6,306 9,460 $23.7 

5- Delta North 83,308 124,962 $312.4 

6- Delta South 4,830 7,245 $18.1 

7- Lower San Joaquin 1,255 1,882 $4.7 

8- Mid-San Joaquin 2,535 3,802 $9.5 

9- Upper San Joaquin 1,570 2,355 $5.9 

Total 139,455 289,183 $522.9 

Table 4-18.  Levee Improvements 

Region Rural Levee 
Length (miles) 

Estimated Range of 
Costs ($ millions) 

1- Upper Sacramento 71 $46 to $57 

2- Mid-Sacramento 211 $62 to $77 

3- Feather River 72 $24 to $30 

4- Lower Sacramento 23 $37 to $46 

5- Delta North 202 $93 to $117 

6- Delta South 54 $18 to $22 

7- Lower San Joaquin 38 $8 to $10 

8- Mid - San Joaquin 51 $25 to $31 

9- Upper San Joaquin 128 $19 to $24 

Total 850 $332 to $414 

Option 2: Non-Urban Levee Evaluation Program 
The purpose of the NULE Program was to determine the approximate cost 
to repair non-urban project and non-project levees in the Sacramento and 
San Joaquin river basins.  The results of these efforts are summarized in 
Attachment 8J, Appendix C – Non-Urban Levee Evaluations Project 
Remediation Alternatives and Cost Estimate Report, and include 
remediation alternatives to address deficiencies and determine likely 
conceptual planning-level remediation costs.  The deficiencies identified in 
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the Geotechnical Assessment Report (GAR) included under seepage, 
through seepage, stability, erosion, and freeboard/geometry deficiency that 
could exist along levee segments for the design basis water level.  The 
deficiencies were identified based on limited, existing surface and 
subsurface levee data and past performance history. The costs of the 
nonurban levee repairs are summarized by region in Table 4-19. 

These estimates include repairs to SPFC project levees only.  The NULE 
cost estimates for non-project levees were removed from the cost estimate 
because the non-project levees were not included in the CVFPP. The State 
may choose to participate in funding improvements for non-SPFC levees 
under other State programs.  Each levee segment is characterized based on 
its hazard level, as defined below. 

• Hazard Level A – When water reaches the assessment water-surface 
elevation (WSE), there is a low likelihood of either levee failure or the 
need to flood-fight to prevent levee failure. 

• Hazard Level B – When water reaches the assessment WSE, there is a 
moderate likelihood of either levee failure or the need to flood-fight to 
prevent levee failure. 

• Hazard Level C – When water reaches the assessment WSE, there is a 
high likelihood of either levee failure or the need to flood-fight to 
prevent levee failure. 

• Lacking Sufficient Data (Category LD) – The segment is currently 
lacking sufficient data about past performance or hazard indicators to 
be able to assign a hazard level, or there is poor correlation between 
past performance and hazard indicators. 

In the CVFPP, these hazard designations are identified as listed below: 

• Low Concern (Hazard Level A)  

• Medium Concern (Hazard Level B)  

• High Concern (Hazard Level C) 

All deficiencies categorized as B, C, or LD were estimated to require 
remediation. Segments with an overall Category A classification that had a 
freeboard/geometry deficiency were remediated for the freeboard/geometry 
deficiency. 
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Table 4-19.  Non-Urban Levee Evaluation Program 

Region 
Corresponding 

Geotechnical Assessment 
Report Area 

Estimated Cost 
($ millions) 

1- Upper Sacramento NULE North GAR 1 $408 

2- Mid-Sacramento NULE North GAR 2 $2,577 

3- Feather River NULE North GAR 3 $1,630 

4- Lower Sacramento NULE North GAR 4 $1,147 

5- Delta North NULE North GAR 5 $3,111 

6- Delta South NULE South GAR 1 (70%) $503 

7- Lower San Joaquin NULE South GAR 1 (30%) $272 

8- Mid-San Joaquin NULE South GAR 2 $378 

9- Upper San Joaquin NULE South GAR 3 $1,043 

Total  $11,069 
Key: 
GAR = Geotechnical Assessment Report 
NULE = Non-Urban Levee Evaluation 

4.3.3 Setback Levees 
This component includes the construction of setback levees at nine 
locations in the Sacramento and San Joaquin river basins.  These projects 
include the replacement of approximately 93 miles of levees with 65 miles 
of new levees and the in-place repair of 60 miles of levees.  These projects 
will require the purchase of between 26,000 and 35,000 acres for the 
setback areas and associated lands that are part of the same land parcels.  
As part of these projects, the levees that are being replaced will have to be 
removed.  Ecosystem restoration of the lands, returned to the floodplain 
will take place through the natural riverine processes (no additional 
restoration activities are included in this cost estimate). These projects have 
limited hydraulic impact/benefit, but do provide for localized improved 
levees and add lands to the floodplain.  The project cost estimates listed in 
Table 4-20 were developed based on Attachment 8J –Appendix E – Flood 
Corridor Expansion. 
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Table 4-20.  Setback Levees 

Location Region Range of Estimated 
Cost ($ millions) 

FTR_01 Feather River $380 to $520 

MSAC_01 Mid-Sacramento $ 200 to $300 

MSAC_02 Mid-Sacramento $390 to $550 

MSA_03 Mid-Sacramento $350 to $490 

LSJ_01 Lower San Joaquin $360 to $510 

LSJ_02 Lower San Joaquin $340 to $480 

MSJ_01 Mid-San Joaquin $400 to $540 

USJ_01 Upper San Joaquin $270 to $380 

USJ_02 Upper San Joaquin $560 to $760 

Total  $3,250 to $4,530 

4.4 Residual Risk Management Element 

Residual risk management addresses the additional efforts needed to 
provide flood protection beyond capital flood protection projects included 
in the other flood management elements.  While the residual risk 
management element included components that support improved flood 
protection throughout the system, it focuses on providing supplemental 
flood protection in the rural-agricultural areas.  It includes three 
components: 

1. Enhanced flood emergency response. 

2. Enhanced O & M. 

3. Floodplain management. 

Each of these is described below. 

4.4.1 Enhanced Flood Emergency Response 
Even with the major physical improvements to the flood management 
system, the risk of flooding can never be entirely eliminated.  The Central 
Valley floodplains will always be at risk of flooding, whether from 
unanticipated facility failures or extreme storm events.  This component 
supports additional planning and response efforts in preparation of flood 
events beyond the current level of each of these components, and supports 
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real-time communications. The enhanced flood emergency response 
components include: 

• All-weather roads on levee crowns 

• Additional flood information collection and sharing 

• Local flood emergency response planning 

• Additional forecasting and notification 

All-weather Roads on Levee Crowns 
This component includes construction of all-weather roads on the levee 
crowns for rural-agricultural levees, which will improve access to inspect 
levees and flood-fighting activities during high-water events. This 
component includes approximately 1,200 miles of SPFC) of rural-
agricultural levees.  This one-time estimated cost is $50,000 per mile, 
based on estimates from the DWR Flood Maintenance Office. 

The Achieve SPFC Design Flow Capacity Approach and the Enhanced 
Flood System Capacity include the All-weather roads as part of the NULE 
levee improvements.  The Protect High Risk Communities does not include 
this improvement.  The State Systemwide Investment Approach includes 
this improvement as part of Residual Risk Management. 

Additional Flood Information Collection and Sharing 
This component includes the additional (beyond current levels of 
implementation) identification and notification of the flood hazards to 
residents, broadcasting real-time flood information to rural-agricultural 
areas, mapping evacuation routes and providing them to the public, and 
increasing the number of flood monitoring stations in rural areas.  For 
planning purposes, the cost is estimated to be a one-time expenditure of 
$30 million per region.  The level of effort is estimated from the DWR 
Hydrology and Flood Operations Office. The implementation of this 
component varies among the approaches based on the level of rural-
agricultural levee improvements in the given approach. 

Local Flood Emergency Response Planning 
This component includes assisting local agencies preparing flood 
emergency response plans, training local agencies in flood patrolling and 
flood-fighting, conducting flood exercises with local agencies, and 
developing communication tools and processes for improved flood 
emergency response. 
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Implementation of this component is focused at the LFPZs within the 
SPFC. For planning purposes, the one-time cost for assisting local agencies 
is estimated to range from $500,000 to $600,000 per LFPZ. The level of 
effort is estimated from the DWR Hydrology and Flood Operations Office. 
Table 4-21 lists the number of LFPZs each region, and an estimated range 
of costs. 

The Delta North Region costs include $85 million for a one-time purchase 
of Delta flood-fight materials and $5 million for increased Delta 
communications.  
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Table 4-21.  Local Flood Emergency Response Planning Costs 

Region Levee Flood 
Protection Zones 

Estimated Range of 
Costs ($ millions) 

1- Upper Sacramento 10 $5 to $6 

2- Mid-Sacramento 16 $8 to $10 

3- Feather River 25 $13 to $15 

4- Lower Sacramento 38 $19 to $23 

5- Delta North 19 $95 to $97 

6- Delta South 17 $9 to $11 

7- Lower San Joaquin 37 $19 to $23 

8- Mid-San Joaquin 19 $10 to $12 

9- Upper San Joaquin 40 $20 to $24 

Total 221 $198 to $221 

Additional Forecasting and Notification 
This component includes additional efforts (beyond current levels) focused 
at improving the timing and accuracy of flood forecasts, developing 
additional forecasting points to effectively serve rural communities, and 
developing additional methods to distribute forecasts to rural areas. For 
planning purposes, the one-time costs are estimated to total about $10 
million per region. The level of effort is estimated from the DWR 
Hydrology and Flood Operations Office. It should be noted that improving 
the flood protection system may reduce the flood risk, but no activity 
completely removes the residual risk, so forecasting and notification is 
needed in all approaches. 

4.4.2 Enhanced Operation and Maintenance 
This component provides for future O&M of the flood protection system in 
response to the continuous activities to keep the SPFC facilities in good 
working order.   Even with the significant capital improvements to the 
flood management system, the risk of flooding can never be entirely 
eliminated.  The enhanced O&M components include: 

• Identification and repair of after event erosions 

• Develop and implement enhanced O&M 

• Sacramento channel and levee management, and bank protection 
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Identification and Repair After-Event Erosions 
This component includes one-time costs for inspecting the flood system 
after any major flood event to identify new threats to the flood system, and 
repair them before they become major repair projects. For planning 
purposes, the level of effort was estimated for the State Systemwide 
Investment Approach at approximately $10 million per year. The 
implementation of this component is expected to vary on a year-to-year 
basis.  Additionally, this level of effort was scaled up or down for each 
approach, based on the magnitude of rural levee repairs planned to be 
completed for each of the three approaches. Approaches with larger rural 
levee improvements would have a lesser need compared to approaches with 
no or little rural levee improvements.  The more significant the levee 
repairs to address existing erosion sites, the smaller the expected erosion 
repairs need after future high-water events. Table 4-22 lists the level of 
implementation of this flood management component in each of the four 
CVFPP approaches. These costs are distributed among all the regions based 
on the number of rural project levees. 

Table 4-22.  Identification and Repair of After Event Erosion 
Implementation 

Approach Implementation 
Estimated Range 

of Costs ($ 
millions) 

Achieve SPFC 
Design Flow 
Capacity Approach 

Past problems would have been addressed 
as part of  the  repairs to rural levees as 
defined in the NULE Program, so it is 
expected that future levee erosion 
problems would be reduced through these 
repairs 

$119 to $150 

Protect High Risk 
Communities 
Approach 

Past problems would not be addressed, so 
there is a greater need to address past 
levee deficiencies 

$456 to $600 

Enhance Flood 
System Capacity 
Approach 

Past problems would have been addressed 
as part of  the  repairs to rural levees as 
defined in the NULE Program, so it is 
expected that future levee erosion 
problems would be reduced through these 
repairs 

$119 to $150 

State Systemwide 
Investment 
Approach 

Some rural levee repairs will address some 
of the historic levee repair needs thereby 
preventing them from becoming large 
issues in the future, which will require 
greater efforts to repair. 

$231 to $300 

Key: 
NULE = Non-Urban Levee Evaluation 
SPFC = State Plan of Flood Control 
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Develop Enhanced O&M Programs and Regional Maintenance 
Organizations 
This component includes the development and implementation of enhanced 
O&M programs and establishment of regional maintenance organizations.  
For planning purposes, the cost for this component is estimated to total $5 
million per year for 25 years (total of $125 million).  The funds will be 
regionally distributed, based upon distribution of LFPZs.  Implementation 
of this component will be the same in each of the four CVFPP approaches. 

Sacramento Channel and Levee Management, and Bank Protection 
This component includes the Sacramento River Bank Protection Program 
and the Channel and Levee Management Program.  

The cost for this component is estimated to total $4 million to $5 million 
per year for 25 years (total of up to $125 million) with the distribution of 
the funds generally reflecting the number of rural miles per region.  This 
estimate is based on the recent annual expenditures for this program. Table 
4-23 lists the estimated distribution of funds for implementation of this 
flood management component.  It will be implemented in each of the four 
CVFPP approaches. 

Table 4-23.  Sacramento Channel and Levee Management, and Bank 
Protection Implementation 

Region Rural Levee 
Length (miles) 

Estimated Range of 
Costs ($ millions) 

1- Upper Sacramento 71 $12 to $15 

2- Mid-Sacramento 301 $53 to $65 

3- Feather River 162 $28 to $35 

4- Lower Sacramento 43 $7 to $10 

5- Delta North 0 $0 

6- Delta South 0 $0 

7- Lower San Joaquin 0 $0 

8- Mid-San Joaquin 0 $0 

9- Upper San Joaquin 0 $0 

Total 0 $100 to $125 

4.4.3 Floodplain Management 
This component focuses on activities in the floodplain to reduce the 
existing flood threat and support changes in land uses to reduce future 
flood threat in rural areas.  It includes improvements to individual houses to 
protect them from flood waters (by raising them or flood-proofing them) or 
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purchasing them to remove them from the threat of future floods.  
Floodplain management is important and necessary because it presents a 
cost-effective approach to protect houses or remove them from the threat of 
flooding.  These activities can be done in a more cost-effective manner than 
trying to protect every single house from flooding. 

The floodplain management component is intended to provide a 
nonstructural option to providing improved flood protection for a portion of 
the approximately 20,000 houses scattered across the rural areas protected 
by the SPFC.  It is a cost-effective approach to providing flood protection 
to individual houses, compared to making significant and expensive 
improvements to flood protection system that cannot be supported by the 
limited benefits provided.  Individual participation (by household) in this 
flood management component would be voluntary, and the actual level of 
participation is not known at this time.  This component, along with the 
small community improvements, is intended to provide improved flood 
protection for all houses located in the rural-agricultural areas of the SPFC. 

This component includes: 

• Raising and waterproofing structures and building berms 

• Purchasing and relocating homes in the floodplains 

• Land use and floodplain management 

Raising and Waterproofing Structures and Building Berms 
This is one of the nonstructural components that may be used in place of 
the structural improvements described in Section 4.3.1 or purchasing and 
relocating houses (described below) to protect rural households.  This 
component includes flood-proofing and raising structures in the floodplain.  
For planning purposes, this estimate assumes that this component would be 
applied to up to 3,000 houses at a cost of up to $100,000 per house, so it 
would have a total cost of up to $300 million.  The number of houses that 
may participate in this program was estimated based on the distribution of 
houses in the rural areas as listed in Table 4-24. 
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Table 4-24.  Costs for Raising and Waterproofing Structures and 
Building Berms 

Region Potential Number of 
Households 

Estimated Range of 
Costs ($ millions) 

1- Upper Sacramento 150 $11 to $15 

2- Mid-Sacramento 660 $50 to $66 

3- Feather River 270 $20 to $27 

4- Lower Sacramento 120 $9 to $12 

5- Delta North 390 $29 to $39 

6- Delta South 270 $20 to $27 

7- Lower San Joaquin 60 $5 to $6 

8- Mid-San Joaquin 120 $9 to $12 

9- Upper San Joaquin 960 $72 to $96 

Total 3,000 $225 to $300 

Purchasing and Relocating Homes in Floodplains 
This is one of the nonstructural components that may be used in place of 
the structural improvements described in Section 4.3.1 or the raising and 
waterproofing structures and building berms (described above) to protect 
rural households.  For planning purposes, this component includes 
purchasing up to 3,000 houses in high-risk areas of rural floodplain at up to 
$100,000 per house (totals $300 million) to reduce the future flood 
damages in rural areas.  The distribution of houses that may participate in 
this program is estimated based on the distribution of houses in the rural 
areas as listed in Table 4-25. 
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Table 4-25.  Costs for Purchasing and Relocating Homes in 
Floodplains 

Region Potential Number of 
Households 

Estimated Range of 
Costs ($ Millions) 

1- Upper Sacramento 150 $11 to $15 

2- Mid-Sacramento 660 $50 to $66 

3- Feather River 270 $20 to $27 

4- Lower Sacramento 120 $9 to $12 

5- Delta North 390 $29 to $39 

6- Delta South 270 $20 to $27 

7- Lower San Joaquin 60 $5 to $6 

8- Mid-San Joaquin 120 $9 to $12 

9- Upper San Joaquin 960 $72 to $96 

Total 3,000 $225 to $300 

Land Use and Floodplain Management 
This component includes the integration of land use and floodplain 
management to support the preparation of local/regional planning efforts 
such as multi-hazard plans, floodplain management plans, and local general 
plan updates.  For planning purpose, this was estimated up to $200 million 
(about $25 million per region).  This component will be applied the same in 
each approach. 
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5.0 Acronyms and Abbreviations 
Board ......................... Central Valley Flood Protection Board 

CVFPP ...................... Central Valley Flood Protection Plan 

DWR .......................... California Department of Water Resources 

F-BO .......................... Forecast-Based Operation 

F-CO .......................... Forecast-Coordination Operation 

GAR ........................... Geotechnical Assessment Report 

GIS ............................ geographic information system 

LD .............................. lacking sufficient data 

LFPZ .......................... Levee Flood Protection Zone 

NULE ......................... North Non-Urban Levee Evaluation 

O&M .......................... operations and maintenance 

RACER ...................... Remediation Alternatives and Cost Estimate Report 

SAFCA ...................... Sacramento Area Flood Control Agency 

SPFC ......................... State Plan of Flood Control 

TRLIA ........................ Three Rivers Levee Improvement Authority 

ULE ........................... Urban Levee Evaluation 

WSE .......................... water surface elevation 
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6.0 Detailed Cost Tables 
 
This section includes the detailed cost tables for the three preliminary 
approaches and SSIA. Summary of these detailed tables are provided 
included in Section 3. 
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Table 6-1. System Improvement Costs for the Achieve SPFC Design Flow Capacity Approach 

REGION 

Land Acquisition 
(1) 

Agricultural 
Conservation 
Easement(2) 

Ecosystem 
Restoration and  
Enhancement(3) 

LEVEES 
Flood 

System 
and Fish 
Passage 

Structures 
(6)  

Reservoir Operations

Easements 
(9) 

System 
Erosion 

and 
Bypass 

Sediment 
Removal 
Project 

(10) 

Estimated  
Total Cost

Risk 
Assessment, 
Feasibility, 

Engineering, 
and 

Permitting 
(25%) 

Range of 
Estimated 
Total Cost 

over Program 
Duration 

New Levee 
Construction (4) 

Improve Existing 
Levees (5) 

Forecast-
Coordinated 
Operations / 

Forecast-
Based 

Operations 
(7) 

New 
Reservoir 
Storage (8)

Acreage Cost  Acreage Cost  Acreage Cost Length Cost  Length Cost  Cost Cost Cost Cost Cost  

(acres) Low   High Low   HighLow   High (acres) Low High (miles) Low  High (miles) Low  High Low   High Low  HighLow  High Low  High Low  High Low  High Low  High Low   High 

1 - Upper 
Sacramento Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

2 - Mid-Sacramento 
Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

3 - Feather River 
Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

4 - Lower 
Sacramento Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $5 to $6 $0 to $0 $0 to $0 $0.0 to $0.0 $5.0 to $6.0 $2.0 to $2.0 $7.0 to $8.0 

5 - Delta North 
Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

6 - Delta South 
Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

7 - Lower San 
Joaquin Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $5 to $6 $0 to $0 $0 to $0 $0.0 to $0.0 $5.0 to $6.0 $2.0 to $2.0 $7.0 to $8.0 

8 - Mid - San 
Joaquin Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

9 - Upper San 
Joaquin Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $23 to $30 $0 to $0 $0 to $0 $0.0 to $0.0 $23.0 to $30.0 $6.0 to $8.0 $29.0 to $38.0 

Total 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $69 to $90 $0 to $0 $0 to $0 $0 to $0 $69.0 to $90.0 $18.0 to $23.0 $91.0 to $114.0 
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NOTE: 
4 All cost estimates are based on 2011 costs rounded to nearest $million.      
System Improvement Assumptions:      
 (1) Land Acquisition:       
 Not included in this approach  
 (2) Agricultural Conservation Easement:          
 Not included in this approach  
(3) Ecosystem Restoration and Enhancement:            
 Not included in this approach     
 (4) New Levee Design and Construction:     
 Not included in this approach  
 (5) Improve Existing Levees:     
 Not included in this approach 
(6) Flood System Structures:  
 Not included in this approach 
(7) F-CO / F-BO:  
 Includes up to 15 F-CO/F-BO in the Sacramento Basin (up to seven reservoirs) and the San Joaquin Basin (up to eight reservoirs) 
(8) New Reservoirs:  
 Not included in this approach 
(9) Easements:  
 Not included in this approach 
(10) System Erosion and Bypass Sediment Removal Project:  
 Not included in this approach 
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Table 6-2. Urban Improvement Costs for the Achieve SPFC Design Flow Capacity 
Approach 
Urban Levee Improvements (ULE) - Design Capacity Improvements  for SPFC and Non-SPFC Levees  (12) 

REGION 
Estimated Project Cost (11) 

Risk Assessment, 
Feasibility, Engineering, 
and Permitting (25%) (13) 

Range of Estimated Total 
Cost over Program Duration 

Low   High Low   High Low   High 

1 - Upper Sacramento Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
2 - Mid-Sacramento Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
3 - Feather River Region $997.0 to $1,246.0 $199.0 to $249.0 $1,196.0 to $1,495.0 
4 - Lower Sacramento Region $1,274.0 to $1,593.0 $255.0 to $319.0 $1,529.0 to $1,912.0 
5 - Delta North Region $240.0 to $300.0 $48.0 to $60.0 $288.0 to $360.0 
6 - Delta South Region $120.0 to $150.0 $24.0 to $30.0 $144.0 to $180.0 
7 - Lower San Joaquin Region $198.0 to $247.0 $40.0 to $49.0 $238.0 to $296.0 
8 - Mid - San Joaquin Region $360.0 to $450.0 $72.0 to $90.0 $432.0 to $540.0 
9 - Upper San Joaquin Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Urban Levee Improvements (ULE) 

Subtotal $3,189.0 to $3,986.0 $638.0 to $797.0 $3,827.0 to $4,783.0 

Urban Improvements Total $3,189.0 to $3,986.0 $638.0 to $797.0 $3,827.0 to $4,783.0 
 
Assumptions:      
NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.    
  
(11) Estimated Project Costs:       
(12)  Levee Improvements to for Urban - Design Capacity Improvements      
 SPFC Levee Improvements based on ULE Cost Estimates for individual urban areas identified on Table A8. 
 Non-SPFC Urban Levee Improvements     
 Improvement costs estimated at $6 to $8 million per mile for approximately 120 miles of Non-SPFC Urban 
Levees because no levee evaluation data is available at this time.    
 These improvement area costs are less than other improvement cost estimates because these levees   
 are generally on smaller tributary streams and  are smaller than other levees.   
(13) Risk Assessment, Feasibility, Engineering, and Permitting (20%)      
 Ranges by project from 0% to 20% depending on level of project development    
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Table 6-3. Rural-Agricultural Improvement Costs for the Achieve SPFC Design Flow Capacity Approach 

REGION 

Small 
Community 

Improvement 
(13) 

Non-Urban - 
Design 

Capacity 
Improvements 

(14) 

Rural 
Setback 
Levees 

(15) 

Site-Specific Rural Agricultural Improvement (16) 

Estimated Total Costs 
(17) 

Risk Assessment, 
Feasibility, 

Engineering, and 
Permitting  (25%) 

Range of Estimated Total 
Cost over Program 

Duration 

Levee 
Improvement 

to Provide 
100-Year 

Protection for 
Small 

Communities 

Miles of 
Rural Levees Levee Improvements

Known and 
Identified 

Erosion Repairs 

                    Low   High Low   High ($) 

1 - Upper Sacramento 
Region $0.0 $408.0 $0.0 0 $0.0 to $0.0 $0.0 $408.0 to $510.0 $102.0 to $128.0 $510.0 to $638.0 

2 - Mid-Sacramento Region $0.0 $2,578.0 $0.0 0 $0.0 to $0.0 $0.0 $2,578.0 to $3,222.0 $645.0 to $806.0 $3,223.0 to $4,028.0 

3 - Feather River Region $0.0 $1,631.0 $0.0 0 $0.0 to $0.0 $0.0 $1,631.0 to $2,038.0 $408.0 to $510.0 $2,039.0 to $2,548.0 

4 - Lower Sacramento 
Region $0.0 $1,147.0 $0.0 0 $0.0 to $0.0 $0.0 $1,147.0 to $1,434.0 $287.0 to $359.0 $1,434.0 to $1,793.0 

5 - Delta North Region $0.0 $3,111.0 $0.0 0 $0.0 to $0.0 $0.0 $3,111.0 to $3,889.0 $778.0 to $973.0 $3,889.0 to $4,862.0 

6 - Delta South Region $0.0 $503.0 $0.0 0 $0.0 to $0.0 $0.0 $503.0 to $629.0 $126.0 to $158.0 $629.0 to $787.0 

7 - Lower San Joaquin 
Region $0.0 $272.0 $0.0 0 $0.0 to $0.0 $0.0 $272.0 to $340.0 $68.0 to $85.0 $340.0 to $425.0 

8 - Mid - San Joaquin 
Region $0.0 $379.0 $0.0 0 $0.0 to $0.0 $0.0 $379.0 to $473.0 $95.0 to $119.0 $474.0 to $592.0 

9 - Upper San Joaquin 
Region $0.0 $1,044.0 $0.0 0 $0.0 to $0.0 $0.0 $1,044.0 to $1,305.0 $261.0 to $327.0 $1,305.0 to $1,632.0 

Total $0.0 $11,073.0 $0.0 0 $0.0 to $0.0 $0.0 $11,073.0 to $13,840.0 $2,770.0 to $3,465.0 $13,843.0 to $17,305.0 

NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.            
Assumptions:                 
(13) Small Community Improvements:                
 Not included in this approach - Existing levees around small communities would be improved as part of the recommendations from NULE Program    
 (14) Non-Urban - Design Capacity Improvements:              
 Estimates from NULE program for improvements to non-urban project levees.      
 The NULE improvements are expected to include Levee Crown Road All Weather resurfacings for all rural levees (total 1200 miles) at cost of $50,000 per mile.   
(15) Rural Setback Levees:  Not included in this approach              
(16) Site-Specific Rural Agricultural Improvements:              
 Not included in this approach  
(17) High estimate includes 25% increase for Non-Urban Design Capacity Improvements to account for upper cost estimate range.      
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Table 6-4. Residual Risk Management Costs for the Achieve SPFC Design Flow Capacity Approach 
 

NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.  
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1 - Upper Sacramento 
Region $8.0 $0.0 10  $5.0 to $6.0 $0.0 71 $7.0 to $9.0 10  $4.0 to $6.0 $12.0 to $15.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $7.5 to $10.0 $44.0 to $54.0 $0.0 to $0.0 $44.0 to $54.0 

2 - Mid-Sacramento 
Region $8.0 $0.0 16  $8.0 to $10.0 $0.0 301 $29.0 to $38.0 16  $7.0 to $9.0 $18.0 to $23.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $33.0 to $44.0 $103.

0 to $132.0 $0.0 to $0.0 $103.0 to $132.0 

3 - Feather River 
Region $8.0 $0.0 25  $13.0 to $15.0 $0.0 162 $16.0 to $21.0 25  $11.0 to $14.0 $27.0 to $36.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $13.5 to $18.0 $88.0 to $112.0 $0.0 to $0.0 $88.0 to $112.0 

4 - Lower Sacramento 
Region $8.0 $0.0 38  $19.0 to $23.0 $0.0 43 $5.0 to $6.0 38  $16.0 to $22.0 $41.0 to $54.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $6.0 to $8.0 $95.0

1 to $120.0 $0.0 to $0.0 $95.01 to $120.0 

5 - Delta North Region* $8.0 $0.0 19  $95.0 to $97.0 $0.0 252 $24.0 to $32.0 19  $8.0 to $11.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $19.5 to $26.0 $155.
0 to $174.0 $0.0 to $0.0 $155.0 to $174.0 

6 - Delta South Region $8.0 $0.0 17  $9.0 to $11.0 $0.0 54 $6.0 to $7.0 17  $7.0 to $10.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $13.5 to $18.0 $44.0 to $54.0 $0.0 to $0.0 $44.0 to $54.0 

7 - Lower San Joaquin 
Region $8.0 $0.0 37  $19.0 to $23.0 $0.0 38 $4.0 to $5.0 37  $16.0 to $21.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $3.0 to $4.0 $50.0 to $61.0 $0.0 to $0.0 $50.0 to $61.0 

8 - Mid - San Joaquin 
Region $8.0 $0.0 19  $10.0 to $12.0 $0.0 51 $6.0 to $7.0 19  $8.0 to $11.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $6.0 to $8.0 $38.0 to $46.0 $0.0 to $0.0 $38.0 to $46.0 

9 - Upper San Joaquin 
Region $8.0 $0.0 40  $20.0 to $24.0 $0.0 228 $22.0 to $29.0 40  $17.0 to $23.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $48.0 to $64.0 $115.

0 to $148.0 $0.0 to $0.0 $115.0 to $148.0 

Total $72.0 $0.0 221  $198.0 to $221.0 $0.0 1,200 $119.0 to $150.0 221 $94.0 to $125.0 $98.0 to $125.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $150.0 to $200.0 $732.
0 to $901.0 $0.0 to $0.0 $732.0 to $901.0 
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Residual Risk Management Assumptions:   
(16) Additional Flood Information Collection and Sharing:    
 Includes $8 million per region to improve:  
  Identification and notification of the flood hazards to residents 
  Effectively broadcasting real-time flood information to rural areas 
  Map evacuation routes and provide them to public 
  Additional flood monitoring stations in rural areas 
 (17) All Weather Roads on Levee Crowns:    
 Improvement expected to be made as part of ULE and NULE levee improvements  
(18) Local Flood Emergency Response Planning:    
 Includes a one-time expenditure of $500,000 to $600,000 per Levee Flood Protection Zone to improve:  
  Assist local agencies to prepare flood emergency response plan 
  Train flood patrolling and flood fight 
  Conduct flood exercises with local entities 
  Develop communication tool and process for flood emergency response 
  *Includes $80 million for purchase of Delta Flood fight materials and $5 million for increased Delta Communications 
(19)Additional Forecasting and Notification:   
 Not included in this approach   
 Forecasting and Notification will continue to operate at its current level.    
 (20) Identification and Repair of After Event Erosions:    
 Inspect the flood system after any major flood event to identify erosion sites.  Repair erosion sites in a timely manner before they are expected to become a major remaining project.  
 (21) Develop and Implement Enhanced O&Ms:    
 Includes annual expenditures of $4,000,000 to $5,000,000 per year to:  
  Develop and implement an enhanced O&M program and establish regional maintenance organizations.   
 (22) Sacramento Channel and Levee Management and Bank Protection:    
  Channel and levee management program includes system capacity evaluation and remediation and Sacramento River Bank Protection.  Assumes $4 to $5 million per year over next 
25 years.  State will assume responsibilities for O&M of the bypasses as well as the water side of the project levees in Sacramento River System 
(23) Raising and Waterproofing Structures and Building Berms:   
 Not included in this approach  
 (24) Purchasing and Relocating Homes in Floodplains:   
 Not included in this approach because of extensive levee improvements made in ULE and NULE programs 
 (25) Land Use and Floodplain Management Integration :   
 Land use and floodplain management integration including preparing multi-hazard plans, multi-hazard plans, floodplain management plan, local general plan updates, etc.   
 

 



 

 

6-9 
February 2012

Table 6-5. System Improvement Costs for the Protect High Risk Communities Approach 
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 Acreage Cost  Acreage Cost  Acreage Cost Length Cost  Length Cost  Cost Cost Cost Cost Cost  

 (acres) Low   High Low   High Low   High (acres) Low  High (miles) Low  High (miles) Low  High Low   High Low   High Low  High Low  High Low  High Low  High Low  High Low  High 

1 - Upper Sacramento 
Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

2 - Mid-Sacramento 
Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

3 - Feather River Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

4 - Lower Sacramento 
Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $5 to $6 $0 to $0 $0 to $0 $0.0 to $0.0 $5.0 to $6.0 $2.0 to $2.0 $7.0 to $8.0 

5 - Delta North Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

6 - Delta South Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0 to $0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

7 - Lower San Joaquin 
Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $5 to $6 $0 to $0 $0 to $0 $0.0 to $0.0 $5.0 to $6.0 $2.0 to $2.0 $7.0 to $8.0 

8 - Mid - San Joaquin 
Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $9.0 to $12.0 $3.0 to $3.0 $12.0 to $15.0 

9 - Upper San Joaquin 
Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $23 to $30 $0 to $0 $0 to $0 $0.0 to $0.0 $23.0 to $30.0 $6.0 to $8.0 $29.0 to $38.0 

Total 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $69 to $90 $0 to $0 $0 to $0 $0 to $0 $69.0 to $90.0 $18.0 to $23.0 $91.0 to $114.0 

NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.      
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System Improvement Assumptions:      
 (1) Land Acquisition:       
 Not included in this approach 
 (2) Agricultural Conservation Easement:      
 Not included in this approach 
(3) Ecosystem Restoration and Enhancement:            
 Not included in this approach    
 (4) New Levee Design and Construction:     
 Not included in this approach  
 (5) Improve Existing Levees:     
 Not included in this approach  
(6) Flood System Structures:  
 Not included in this approach 
(7) F-CO / F-BO:  
 Includes up to 15 F-CO/F-BO in the Sacramento Basin (up to seven reservoirs) and the San Joaquin Basin (up to eight reservoirs) 
(8) New Reservoirs:  
 Not included in this approach 
(9) Easements:  
 Not included in this approach 
(10) System Erosion and Bypass Sediment Removal Project:  
 Not included in this approach 
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Table 6-6. Urban Improvement Costs for the Protect High Risk Communities Approach 

REGION Estimated Project Cost (11) 
Risk Assessment, 

Feasibility, Engineering, 
and Permitting (20%) 

(13) 

Range of Estimated Total 
Cost over Program 

Duration 

Low   High Low   High Low   High 
Upper Sacramento Region $100.0 to $120.0 $20.0 to $24.0 $120.0 to $144.0 
  Chico Urban Levee Improvements $100.0 to $120.0 $20.0 to $24.0 $120.0 to $144.0 
Mid-Sacramento Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Feather River Region $760.0 to $891.0 $131.0 to $157.0 $891.0 to $1,048.0 
  Sutter County Feasibility Study $8.5 to $10.2 $1.7 to $2.0 $10.2 to $12.2 
  Feather River West Levee SBFCA $245.0 to $294.0 $49.0 to $58.8 $294.0 to $352.8 

  LD1-EIP-Lower Feather River 
Setback Levee at Star Bend $20.8 to $20.8 $0.0 to $0.0 $20.8 to $20.8 

  Marysville Ring Levee 
Reconstruction $161.9 to $194.3 $32.4 to $38.9 $194.3 to $233.1 

  Yuba River Basin GRR $15.4 to $18.5 $3.1 to $3.7 $18.5 to $22.2 

  TRLIA-EIP Feather River Levee 
Improvement Project $222.0 to $266.4 $44.4 to $53.3 $266.4 to $319.7 

  TRLIA-EIP-Upper Yuba River 
Levee Improvement Project $68.0 to $68.0 $0.0 to $0.0 $68.0 to $68.0 

  RD 2103-EIP-Bear River North 
Levee Rehabilitation Project $18.2 to $18.2 $0.0 to $0.0 $18.2 to $18.2 

Lower Sacramento Region $3,117.0 to $3,726.0 $145.0 to $173.0 $3,261.0 to $3,899.0 

  American River Common Features 
Project/GRR $12.8 to $15.4 $2.6 to $3.1 $15.4 to $18.4 

  
American River Common 
Features-WRDA96/99 
Projects/Remaining Sites $282.0 to $338.4 $0.0 to $0.0 $282.0 to $338.4 

  
Folsom Dam Modifications-Joint 
Federal Project (Gated Auxiliary 
Spillway) $800.0 to $1,000.0 $0.0 to $0.0 $800.0 to $1,000.0 

  
Folsom Dam Raise,  Bridge 
Element Study and 
Implementation $130.0 to $140.0 $0.0 to $0.0 $130.0 to $140.0 

  Folsom Dam Raise - Reservoir 
Enlargement $125.0 to $130.0 $0.0 to $0.0 $125.0 to $130.0 

  South Sacramento County 
Streams $104.0 to $124.8 $0.0 to $0.0 $104.0 to $124.8 

  SAFCA-EIP-NCC Natomas Levee 
Improvement Project $70.0 to $84.0 $0.0 to $0.0 $70.0 to $84.0 

  SAFCA-NLIP,CO Natomas Levee 
Improvement Project $310.0 to $372.0 $0.0 to $0.0 $310.0 to $372.0 

  Natomas Basin Design and 
Construction (Future) $385.0 to $462.0 $0.0 to $0.0 $385.0 to $462.0 

  Magpie Creek Project (Future) $9.8 to $11.8 $2.0 to $2.4 $11.8 to $14.1 

  
American River South and 
Sacramento River Future 
Improvements $500.0 to $600.0 $100.0 to $120.0 $600.0 to $720.0 

  Slip Repair $53.0 to $63.6 $10.6 to $12.7 $63.6 to $76.4 

  WSAFCA-EIP-CO  West 
Sacramento $105.0 to $126.0 $21.0 to $25.2 $126.0 to $151.2 

  West Sacramento Project GGR $10.0 to $12.0 $2.0 to $2.4 $12.0 to $14.4 

  
Woodland/ Lower Cache Creek 
Feasibility Study and 
Implementation $190.0 to $210.0 $0.0 to $0.0 $190.0 to $210.0 

  Davis-Willow Slough $30.0 to $36.0 $6.0 to $7.2 $36.0 to $43.2 
Delta North Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Delta South Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
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Table 6-6. Urban Improvement Costs for the Protect High Risk Communities Approach 
(Continued) 

REGION Estimated Project Cost (11) 
Risk Assessment, 

Feasibility, Engineering, 
and Permitting (20%) 

(13) 

Range of Estimated Total 
Cost over Program 

Duration 

Low   High Low   High Low   High 
Lower San Joaquin Region $162.0 to $194.0 $33.0 to $39.0 $194.0 to $233.0 

  Lower San Joaquin Feasibility 
Study $15.4 to $18.5 $3.1 to $3.7 $18.5 to $22.2 

  RD 17-EIP-100-Year Levee 
Seepage Area Project $76.0 to $91.2 $15.2 to $18.2 $91.2 to $109.4 

  Mormon Slough Bypass/ Stockton 
Diverter Canal $40.0 to $48.0 $8.0 to $9.6 $48.0 to $57.6 

  Smith Canal Closure Structure 
(EIP Project) $30.0 to $36.0 $6.0 to $7.2 $36.0 to $43.2 

Mid - San Joaquin Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
  $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Upper San Joaquin Region $138.0 to $166.0 $28.0 to $34.0 $166.0 to $199.0 

  Merced County Streams Group 
(Bear Creek Unit) $137.7 to $165.2 $27.5 to $33.0 $165.2 to $198.3 

Identified Urban Improvements 
Subtotal $4,277.0 to $5,097.0 $357.0 to $427.0 $4,632.0 to $5,523.0 

Non-SPFC Urban Levee Improvements  - (12) 

REGION 
Estimated Project Cost 

(11) 
Risk Assessment, 

Feasibility, Engineering, 
and Permitting (20%) (13) 

Range of Estimated Total 
Cost over Program 

Duration 
Low   High Low   High Low   High 

  1 - Upper Sacramento Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  2 - Mid-Sacramento Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  3 - Feather River Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  4 - Lower Sacramento Region $240.0   $320.0 $48.0   $64.0 $288.0   $384.0 
  5 - Delta North Region $120.0   $160.0 $24.0   $32.0 $144.0   $192.0 
  6 - Delta South Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  7 - Lower San Joaquin Region $360.0   $480.0 $72.0   $96.0 $432.0   $576.0 
  8 - Mid - San Joaquin Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  9 - Upper San Joaquin Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 

Non-SPFC Urban Levee 
Improvements Subtotal $720.0   $960.0 $144.0   $192.0 $864.0   $1,152.0 

Urban Improvements Total $4,997.0 to $5,817.0 $501.0 to $571.0 $5,496.0 to $6,675.0 
Assumptions:      
NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.      
 (11) Estimated Project Costs:       
 Costs provided by Project Management Office based on input from local agencies.    
 Folsom Enlargement is an authorized project to provide flood protection for the City of Sacramento    
(12) Non-SPFC Urban Levee Improvements      

Improvement costs estimated at $6 to $8 million per mile for approximately 120 miles of Non-SPFC Urban Levees because no 
levee evaluation data is available at this time.    

 These improvement costs area less than other improvement cost estimates because these levees   
 are generally on smaller tributary streams as a result are smaller than other levees.   
(13) Risk Assessment, Feasibility, Engineering, and Permitting (20%)      
 Ranges by project from 0% to 20% depending on level of project development    
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Table 6-7. Rural-Agricultural Improvement Costs for the Protect High Risk Communities Approach 
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                    Low  High Low  High ($) 

1 - Upper Sacramento Region $77.0 $0.0 $0.0 71 $0.0 to $0.0 $0.0 $77.0 to $89.0 $19.0 to $23.0 $93.0 to $112.0 

2 - Mid-Sacramento Region $190.0 $0.0 $0.0 301 $0.0 to $0.0 $0.0 $190.0 to $228.0 $48.0 to $57.0 $238.0 to $285.0 

3 - Feather River Region $319.0 $0.0 $0.0 162 $0.0 to $0.0 $0.0 $319.0 to $383.0 $80.0 to $96.0 $399.0 to $479.0 

4 - Lower Sacramento Region $0.0 $0.0 $0.0 43 $0.0 to $0.0 $0.0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

5 - Delta North Region $293.0 $0.0 $0.0 252 $0.0 to $0.0 $0.0 $293.0 to $352.0 $74.0 to $88.0 $367.0 to $440.0 

6 - Delta South Region $0.0 $0.0 $0.0 54 $0.0 to $0.0 $0.0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

7 - Lower San Joaquin Region $0.0 $0.0 $0.0 38 $0.0 to $0.0 $0.0 $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 

8 - Mid - San Joaquin Region $3.0 $0.0 $0.0 51 $0.0 to $0.0 $0.0 $3.0 to $4.0 $1.0 to $1.0 $4.0 to $5.0 

9 - Upper San Joaquin Region $121.0 $0.0 $0.0 228 $0.0 to $0.0 $0.0 $121.0 to $146.0 $31.0 to $37.0 $152.0 to $183.0 

Total $1,003.0 $0.0 $0.0 1,200 $0.0 to $0.0 $0.0 $1,003.0 to $1,202.0 $250.0 to $301.0 $1,253.0 to $1,504.0 

 
NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.           
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Assumptions:                  
(13) Small Community Improvements:                

Provides 100-year level of protection for small communities within the SPFC that are not protected by other systemwide and/or urban improvements.  Cost of implementation is less than 
$30,000 per person protected (about $100,000 per house).      

 Non-structural measures will be taken when the cost of protection exceeds $100,000 per house (see Residual Risk Management)   
Total population in protected small communities is estimated at 47,000 people, and requires about 120 miles of new or improved levees.  All levee improvements to protect small communities 
for this approach are included in this cost element.      

 Assumed construction costs include a combination of levee improvements and construction of new levees for each individual community.      
 Small communities protected by Region are listed below:            
   1- Upper Sacramento: Durham, Gerber-Las Flores            
   2 - Mid-Sacramento: Knights Landing, Meridian, Colusa, Glenn, Grimes, Butte City, Robbins, Princeton      
   3- Feather River: Verona, Biggs, Wheatland, Gridley, Live Oak, Sutter, Tierra Buena        
   5- Delta North: Rio Vista, Clarksburg, Courtland, Hood, Walnut Grove, Iselton         
   8 - Mid-San Joaquin: Grayson               
   9 - Upper San Joaquin: Firebaugh, Dos Palos, So Dos Palos           
(14) Non-Urban - Design Capacity Improvements:              
 Not included in this approach               
(15)Rural Setback Levees                
 Not included in this approach               
(16) Site Specific Rural Agricultural Improvements:              
 Not included in this approach               
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Table 6-8. Residual Risk Management Costs for the Protect High Risk Communities Approach 
             

NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.  
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w   High     Low  High   Low  High Low  High   Lo

w  Hig
h   Lo

w  Hig
h Low  High Low  High    ($) ($) 

1 - Upper Sacramento 
Region $30.0 $0.0 10  $5.0 to $6.0 $10.0 71 $27.0 to $36.0 10  $4.0 to $6.0 $12.0 to $15.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $7.0 to $10.0 $95.0 to $113.0 $0.0 to $0.0 $95.0 to $113.0 

2 - Mid-Sacramento 
Region $30.0 $0.0 16  $8.0 to $10.0 $10.0 301 $114.0 to $151.0 16  $7.0 to $9.0 $18.0 to $23.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $33.0 to $44.0 $220.0 to $277.0 $0.0 to $0.0 $220.0 to $277.0 

3 - Feather River 
Region $30.0 $0.0 25  $13.

0 to $15.0 $10.0 162 $61.0 to $81.0 25  $11.0 to $14.0 $27.0 to $36.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $13.0 to $18.0 $165.0 to $204.0 $0.0 to $0.0 $165.0 to $204.0 

4 - Lower Sacramento 
Region $30.0 $0.0 38  $19.

0 to $23.0 $10.0 43 $17.0 to $22.0 38  $16.0 to $22.0 $41.0 to $54.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $6.0 to $8.0 $139.0 to $169.0 $0.0 to $0.0 $139.0 to $169.0 

5 - Delta North Region* $30.0 $0.0 19  $95.
0 to $97.0 $10.0 252 $95.0 to $126.0 19  $8.0 to $11.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $20 to $26.0 $258.0 to $300.0 $0.0 to $0.0 $258.0 to $300.0 

6 - Delta South Region $30.0 $0.0 17  $9.0 to $11.0 $10.0 54 $21.0 to $27.0 17  $7.0 to $10.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $14.0 to $18.0 $91.0 to $106.0 $0.0 to $0.0 $91.0 to $106.0 

7 - Lower San Joaquin 
Region $30.0 $0.0 37  $19.

0 to $23.0 $10.0 38 $15.0 to $19.0 37  $16.0 to $21.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $3.0 to $4.0 $93.0 to $107.0 $0.0 to $0.0 $93.0 to $107.0 

8 - Mid - San Joaquin 
Region $30.0 $0.0 19  $10.

0 to $12.0 $10.0 51 $20.0 to $26.0 19  $8.0 to $11.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $6.0 to $8.0 $84.0 to $97.0 $0.0 to $0.0 $84.0 to $97.0 

9 - Upper San Joaquin 
Region $30.0 $0.0 40  $20.

0 to $24.0 $10.0 228 $86.0 to $114.0 40  $17.0 to $23.0 $0.0 to $0.0 0 $0.0 to $0.0 0 $0.0 to $0.0 $48.0 to $64.0 $211.0 to $265.0 $0.0 to $0.0 $211.0 to $265.0 

Total $270.0 $0.0 221  $19
8.0 to $221.0 $90.0 1,200 $456.0 to $600.0 221 $94.0 to $125.0 $98.0 to $125.0 0 $0.0to $0.0 0 $0.0to $0.0 $150.0 to $200.0 $1,356.0 to $1,638.0 $0.0 to $0.0 $1,356.0to $1,638.0 
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Residual Risk Management Assumptions:               
(16)  Additional Flood Information Collection and Sharing:               
 Includes $30 million per region to improve:             
 Identification and notification of the flood hazards to residents            
  Effectively broadcasting real-time flood information to rural areas            
  Mapping evacuation routes and provide them to public             
  Additional flood monitoring stations in rural areas             
 (17) All Weather Roads on Levee Crowns:               
Purchasing and Relocating Homes in Floodplains:    
 Not included in this approach              
(18) Local Flood Emergency Response Planning:              
 Includes a one-time expenditure of  $500,000 to $600,000 per Levee Flood Protection Zone to improve:        
  Assist local agencies to prepare flood emergency response plan            
  Train flood patrolling and flood fight              
  Conduct flood exercises with local entities              
  Develop communication tool and process for flood emergency response           
  *Includes $80 million for purchase of Delta Flood fight materials and $5 million for increased Delta Communications       
(19) Additional Forecasting and Notification:                
 Includes a one-time expenditure of $10,000,000 per Region to improve:            
  Improve timing and accuracy of flood forecasts            
  Develop additional forecasting points to effectively serve rural communities           
  Develop an effective way of distribution forecasts to rural areas            
  *Includes $80 million for purchase of Delta Flood fight materials and $5 million for increased Delta Communications       

capital investment in rural levees.              
(20) Identification and Repair of After Event Erosions:               
 Inspect the flood system after any major flood event to identify erosion sites.  Repair erosion sites in a timely manner before they are expected to become a major remain project. 
              
 (21) Develop and Implement Enhanced O&Ms Programs and Regional Organizations:            
 Includes annual expenditures of  $4,000,000 to $5,000,000 per year to:            
 Develop and implement an enhanced O&M programs and establish regional maintenance organizations.          
(22) Sacramento Channel and Levee Management and Bank Protection :             

Channel and levee management program includes system capacity evaluation and remediations and Sacramento River Bank Protection.  Assumes $4 to $5 million per year over next 25 years.  
State will assume responsibilities for O&M of the bypasses as well as the water side of the project levees in Sacramento River System    

(23) Raising and Waterproofing Structures and Building Berms:    
 Not included in this approach  
 (24) Purchasing and Relocating Homes in Floodplains:    
 Not included in this approach  
 (25) Land Use and Floodplain Management Integration :    
 Land use and floodplain management integration including preparing multi-hazard plans, multi-hazard plans, floodplain management plan, local general plan updates, etc.    
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Table 6-9. System Improvement Costs for the Enhance Flood System Capacity Approach 
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Acreage Cost  Acreage Cost  Acreage Cost Length Cost  Length Cost  Cost Cost Cost Cost Cost  

(acres) Low    High Low   High Low    High (acres) Low  High (miles) Low  High (miles) Low  High Low  High Low   High Low   High Low  High Low  High Low  High Low  High Low  High 

1 - Upper 
Sacramento 
Region 

0 $0 to $0 5,000 to 10,000 $18 to $42 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $60 to $90 $9 to $12 $0 to $0 $165 to $213 $0.0 to $0.0 $252.0 to $357.0 $63.0 to $90.0 $315.0 to $447.0 

2 - Mid-Sacramento 
Region 0 $0 to $0 10,000 to 15,000 $35 to $63 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $122 to $174 $0 to $0 $0 to $0 $275 to $355 $30.0 to $35.0 $462.0 to $627.0 $116.0 to $157.0 $578.0 to $784.0 

3 - Feather River 
Region 9000 $87 to $98 15,000 to 25,000 $79 to $150 3,300 $165 to $198 31.0 $671 to $793 15.0 $210 to $270 $135 to $190 $9 to $12 $200 to $300 $140 to $172 $0.0 to $0.0 $1,696.0 to $2,183.0 $424.0 to $546.0 $2,120.0 to $2,729.0 

4 - Lower 
Sacramento 
Region 

18,900 $256 to $284 5,000 to 10,000 $32 to $70 4,900 $258 to $307 21.0 $462 to $546 2.0 $28 to $36 $230 to $280 $5 to $6 $0 to $0 $0 to $0 $30.0 to $40.0 $1,301.0 to $1,569.0 $326.0 to $393.0 $1,627.0 to $1,962.0 

5 - Delta North 
Region 7,900 $72 to $83 5,000 to 10,000 $21 to $49 2,000 $94 to $114 19.0 $407 to $481 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $603.0 to $739.0 $151.0 to $185.0 $754.0 to $924.0 

6 - Delta South 
Region 1,000 $9 to $11 10,000 to 15,000 $42 to $74 300 $14 to $17 8.0 $165 to $195 7.0 $91 to $117 $20 to $25 $0 to $0 $0 to $0 $0 to $0 $0.0 to $0.0 $341.0 to $439.0 $86.0 to $110.0 $427.0 to $549.0 

7 - Lower San 
Joaquin Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $5 to $6 $0 to $0 $0 to $0 $0.0 to $0.0 $5.0 to $6.0 $2.0 to $2.0 $7.0 to $8.0 

8 - Mid - San 
Joaquin Region 0 $0 to $0 10,000 to 15,000 $39 to $69 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $400 to $600 $174 to $222 $0.0 to $0.0 $622.0 to $903.0 $156.0 to $226.0 $778.0 to $1,129.0 

9 - Upper San 
Joaquin Region 0 $0 to $0 10,000 to 15,000 $39 to $69 0 $50 to $50 0.0 $0 to $0 0.0 $0 to $0 $71 to $88 $23 to $30 $500 to $1,500 $116 to $148 $0.0 to $0.0 $799.0 to $1,885.0 $200.0 to $472.0 $999.0 to $2,357.0 

Total 36,800 $424 to $476 70,000 to 115,000 $305 to $586 10,500 $581to $686 79.0 $1,705to $2,015 24.0 $329to $423 $638 to $847 $69 to $90 $1,100 to $2,400 $870 to $1,110 $60 to $75 $6,081.0 to $8,708.0 $1,521.0 to $2,177.0 $7,605.0 to $10,889.0 

NOTE: All cost estimates are based on 2011 costs rounded to the nearest $million.      
System Improvement Assumptions:      
 (1) Land Acquisition:       
 Land Purchase Cost Assumptions by Region     
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 1 - Upper Sacramento $10,000 to  $12,000/acre  
   2 - Mid-Sacramento  $10,000 to $12,000/acre  
   3 - Feather River  $15,000 to  $17,000/acre  
   4 - Lower Sacramento $18,000 to $20,000/acre  
   5 - Delta North  $12,000 to $14,000/acre  
   6 - Delta South  $12,000 to $14,000/acre  
   7 - Lower San Joaquin $15,000 to  $17,000/acre  
   8 - Mid - San Joaquin $11,000 to $13,000/acre  
   9 - Upper San Joaquin $11,000 to $13,000/acre  
 (2) Agricultural Conservation Easement:      
 Agricultural Conservation Assumed % of Land Acquisition by Region     
 1 - Upper Sacramento 35% 
   2 - Mid-Sacramento   35% 
   3 - Feather River  35% 
   4 - Lower Sacramento 35% 
   5 - Delta North  35% 
   6 - Delta South  35% 
   7 - Lower San Joaquin 35% 
   8 - Mid - San Joaquin 35% 
   9 - Upper San Joaquin 35% 
(3) Ecosystem Restoration and Enhancement:            

Assumes 25% of land purchased for bypasses will be developed for conservation and other 75% will be leased back to farmers for environmentally friendly agricultural practices such as corn, 
rice, and other grains.         
 Environmental Conservation Development by Region          
 1 - Upper Sacramento $35,000 to $45,000/acre     
   2 - Mid-Sacramento  $35,000 to $45,000/acre     
   3 - Feather River  $35,000 to  $45,000/acre     
   4 - Lower Sacramento $35,000 to  $45,000/acre     
   5 - Delta North  $35,000 to $45,000/acre     
   6 - Delta South  $35,000 to  $45,000/acre     
   7 - Lower San Joaquin $35,000 to  $45,000/acre     
   8 - Mid - San Joaquin $35,000 to  $45,000/acre     
   9 - Upper San Joaquin $35,000 to $45,000/acre  
Includes $50 million for Upper San Joaquin River Restoration Projects.  

 (4) New Levee Design and Construction:     
 $22 to $26 million/mile  
 (5) Improve Existing Levees:     
 $14 to $18 million/mile  
(6) Flood System Structures:  
 Not included in this approach 
(7) F-CO / F-BO:  
 Includes up to 15 F-CO/F-BO in the Sacramento Basin (up to seven reservoirs) and the San Joaquin Basin (up to eight reservoirs) 
(8) New Reservoirs:  
 Not included in this approach 
(9) Easements:  
 Not included in this approach 
(10) System Erosion and Bypass Sediment Removal Project:  
 Not included in this approach 



 

6-19 February 2012 

Table 6-10. Urban Improvement Costs for the Enhance Flood System Capacity 
Approach 

REGION Estimated Project Cost (11) 
Risk Assessment, 

Feasibility, Engineering, 
and Permitting (20%) 

(13) 

Range of Estimated Total 
Cost over Program 

Duration 

Low   High Low   High Low   High 
Upper Sacramento Region $100.0 to $120.0 $20.0 to $24.0 $120.0 to $144.0 
  Chico Urban Levee Improvements $100.0 to $120.0 $20.0 to $24.0 $120.0 to $144.0 
Mid-Sacramento Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Feather River Region $760.0 to $891.0 $131.0 to $157.0 $891.0 to $1,048.0 
  Sutter County Feasibility Study $8.5 to $10.2 $1.7 to $2.0 $10.2 to $12.2 
  Feather River West Levee SBFCA $245.0 to $294.0 $49.0 to $58.8 $294.0 to $352.8 

  LD1-EIP-Lower Feather River 
Setback Levee at Star Bend $20.8 to $20.8 $0.0 to $0.0 $20.8 to $20.8 

  Marysville Ring Levee 
Reconstruction $161.9 to $194.3 $32.4 to $38.9 $194.3 to $233.1 

  Yuba River Basin GRR $15.4 to $18.5 $3.1 to $3.7 $18.5 to $22.2 

  TRLIA-EIP Feather River Levee 
Improvement Project $222.0 to $266.4 $44.4 to $53.3 $266.4 to $319.7 

  TRLIA-EIP-Upper Yuba River 
Levee Improvement Project $68.0 to $68.0 $0.0 to $0.0 $68.0 to $68.0 

  RD 2103-EIP-Bear River North 
Levee Rehabilitation Project $18.2 to $18.2 $0.0 to $0.0 $18.2 to $18.2 

Lower Sacramento Region $3,117.0 to $3,726.0 $145.0 to $173.0 $3,261.0 to $3,899.0 

  American River Common Features 
Project/GRR $12.8 to $15.4 $2.6 to $3.1 $15.4 to $18.4 

  
American River Common 
Features-WRDA96/99 
Projects/Remaining Sites $282.0 to $338.4 $0.0 to $0.0 $282.0 to $338.4 

  
Folsom Dam Modifications-Joint 
Federal Project (Gated Auxiliary 
Spillway) $800.0 to $1,000.0 $0.0 to $0.0 $800.0 to $1,000.0 

  
Folsom Dam Raise,  Bridge 
Element Study and 
Implementation $130.0 to $140.0 $0.0 to $0.0 $130.0 to $140.0 

  Folsom Dam Raise - Reservoir 
Enlargement $125.0 to $130.0 $0.0 to $0.0 $125.0 to $130.0 

  South Sacramento County 
Streams $104.0 to $124.8 $0.0 to $0.0 $104.0 to $124.8 

  SAFCA-EIP-NCC Natomas Levee 
Improvement Project $70.0 to $84.0 $0.0 to $0.0 $70.0 to $84.0 

  SAFCA-NLIP,CO Natomas Levee 
Improvement Project $310.0 to $372.0 $0.0 to $0.0 $310.0 to $372.0 

  Natomas Basin Design and 
Construction (Future) $385.0 to $462.0 $0.0 to $0.0 $385.0 to $462.0 

  Magpie Creek Project (Future) $9.8 to $11.8 $2.0 to $2.4 $11.8 to $14.1 

  
American River South and 
Sacramento River Future 
Improvements $500.0 to $600.0 $100.0 to $120.0 $600.0 to $720.0 

  Slip Repair $53.0 to $63.6 $10.6 to $12.7 $63.6 to $76.4 

  WSAFCA-EIP-CO  West 
Sacramento $105.0 to $126.0 $21.0 to $25.2 $126.0 to $151.2 

  West Sacramento Project GGR $10.0 to $12.0 $2.0 to $2.4 $12.0 to $14.4 

  
Woodland/ Lower Cache Creek 
Feasibility Study and 
Implementation $190.0 to $210.0 $0.0 to $0.0 $190.0 to $210.0 

  Davis-Willow Slough $30.0 to $36.0 $6.0 to $7.2 $36.0 to $43.2 
Delta North Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Delta South Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
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Table 6-10. Urban Improvement Costs for the Enhance Flood System Capacity 
Approach (Continued) 

REGION Estimated Project Cost (11) 
Risk Assessment, 

Feasibility, Engineering, 
and Permitting (20%) 

(13) 

Range of Estimated Total 
Cost over Program 

Duration 

Low   High Low   High Low   High 
Lower San Joaquin Region $162.0 to $194.0 $33.0 to $39.0 $194.0 to $233.0 

  Lower San Joaquin Feasibility 
Study $15.4 to $18.5 $3.1 to $3.7 $18.5 to $22.2 

  RD 17-EIP-100-Year Levee 
Seepage Area Project $76.0 to $91.2 $15.2 to $18.2 $91.2 to $109.4 

  Mormon Slough Bypass/ Stockton 
Diverter Canal $40.0 to $48.0 $8.0 to $9.6 $48.0 to $57.6 

  Smith Canal Closure Structure 
(EIP Project) $30.0 to $36.0 $6.0 to $7.2 $36.0 to $43.2 

Mid - San Joaquin Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
  $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Upper San Joaquin Region $138.0 to $166.0 $28.0 to $34.0 $166.0 to $199.0 

  Merced County Streams Group 
(Bear Creek Unit) $137.7 to $165.2 $27.5 to $33.0 $165.2 to $198.3 

Identified Urban Improvements 
Subtotal $4,277.0 to $5,097.0 $357.0 to $427.0 $4,632.0 to $5,523.0 

Non-SPFC Urban Levee Improvements  - (12) 

REGION 
Estimated Project Cost 

(11) 
Risk Assessment, 

Feasibility, Engineering, 
and Permitting  (20%) (13) 

Range of Estimated Total 
Cost over Program 

Duration 
Low   High Low   High Low   High 

  1 - Upper Sacramento Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  2 - Mid-Sacramento Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  3 - Feather River Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  4 - Lower Sacramento Region $240.0   $320.0 $48.0   $64.0 $288.0   $384.0 
  5 - Delta North Region $120.0   $160.0 $24.0   $32.0 $144.0   $192.0 
  6 - Delta South Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  7 - Lower San Joaquin Region $360.0   $480.0 $72.0   $96.0 $432.0   $576.0 
  8 - Mid - San Joaquin Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  9 - Upper San Joaquin Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 

Non-SPFC Urban Levee 
Improvements Subtotal $720.0   $960.0 $144.0   $192.0 $864.0   $1,152.0 

Urban Improvements Total $4,997.0 to $5,817.0 $501.0 to $571.0 $5,496.0 to $6,675.0 
Assumptions:      
NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.      
 (11) Estimated Project Costs:       
 Costs provided by Project Management Office based on input from local agencies.    
 Folsom Enlargement is an authorized project to provide flood protection for the City of Sacramento    
(12) Non-SPFC Urban Levee Improvements      
 Improvement costs estimated at $6 to $8 million per mile for approximately 120 miles of Non-SPFC Urban Levees because 
no levee evaluation data is available at this time.    
 These improvement costs area less than other improvement cost estimates because these levees   
 are generally on smaller tributary streams as a result are smaller than other levees.   
(13) Risk Assessment, Feasibility, Engineering, and Permitting (20%)      
 Ranges by project from 0% to 20% depending on level of project development    
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Table 6-11. Rural-Agricultural Improvement Costs for the Enhance Flood System Capacity Approach 
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        Low     High       Low  High Low  High ($) 

1 - Upper Sacramento Region $0.0 $408.0 $0.0 to $0.0 71 $0.0 to $0.0 $0.0 $408.0 to $510.0 $102.0 to $128.0 $510.0 to $638.0 

2 - Mid-Sacramento Region $95.0 $2,577.0 $1,733.0 to $2,426.0 301 $0.0 to $0.0 $0.0 $4,405.0 to $5,743.0 $1,102.0 to $1,436.0 $5,508.0 to $7,179.0 

3 - Feather River Region $33.0 $1,630.0 $603.0 to $844.0 162 $0.0 to $0.0 $0.0 $2,267.0 to $2,915.0 $567.0 to $729.0 $2,834.0 to $3,644.0 

4 - Lower Sacramento Region $0.0 $1,147.0 $0.0 to $0.0 43 $0.0 to $0.0 $0.0 $1,147.0 to $1,434.0 $287.0 to $359.0 $1,434.0 to $1,793.0 

5 - Delta North Region $200.0 $3,111.0 $0.0 to $0.0 252 $0.0 to $0.0 $0.0 $3,311.0 to $4,089.0 $828.0 to $1,023.0 $4,139.0 to $5,112.0 

6 - Delta South Region $0.0 $503.0 $0.0 to $0.0 54 $0.0 to $0.0 $0.0 $503.0 to $629.0 $126.0 to $158.0 $629.0 to $787.0 

7 - Lower San Joaquin Region $0.0 $272.0 $0.0 to $0.0 38 $0.0 to $0.0 $0.0 $272.0 to $340.0 $68.0 to $85.0 $340.0 to $425.0 

8 - Mid - San Joaquin Region $2.0 $378.0 $716.0 to $1,002.0 51 $0.0 to $0.0 $0.0 $1,096.0 to $1,477.0 $274.0 to $370.0 $1,370.0 to $1,847.0 

9 - Upper San Joaquin Region $15.0 $1,043.0 $0.0 to $0.0 228 $0.0 to $0.0 $0.0 $1,059.0 to $1,320.0 $265.0 to $330.0 $1,324.0 to $1,650.0 

Total $345.0 $11,069.0 $3,052.0 to $4,272.0 1,200 $0.0 to $0.0 $0.0 $14,469.0 to $18,453.0 $3,618.0 to $4,614.0 $18,088.0 to $23,075.0 

NOTE: All cost estimates are based on 2011 costs rounded to nearest $million.           
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Assumptions:                  
 (13) Small Community Improvements:                

Provides 100-year level of protection for small communities within the SPFC that are not protected by other systemwide and/or urban level improvements.  Cost of implementation is less than 
$30,000 per person protected (about $100,000 per house).      

 Non-structural measures will be taken when the cost of protection exceeds $100,000 per house (see Residual Risk Management)   
Total population in protected small communities is estimated at 47,000 people, and requires about 60 miles of new levees. The costs associated with the approximately 60 miles of levee 
improvements are included as part of NULE Design Capacity Improvements.   

 Assumed construction costs includes a combination of levee improvements and construction of new levees for each individual community.      
 Small communities  protected by Region are listed below:            
   1- Upper Sacramento: Durham, Gerber-Las Flores            
   2 - Mid-Sacramento: Knights Landing, Meridian, Colusa, Glenn, Grimes, Butte City, Robbins, Princeton      
   3- Feather River: Verona, Biggs, Wheatland, Gridley, Live Oak, Sutter, Tierra Buena        
   5- Delta North: Rio Vista, Clarksburg, Courtland, Hood, Walnut Grove, Isleton  
        
   8 - Mid-San Joaquin: Grayson               
   9 - Upper San Joaquin: Firebaugh, Dos Palos, So Dos Palos           
(14) Non-Urban - Design Capacity Improvements:              
 Estimates from NULE program for improvements to non-urban project levees and related  non-urban non-project levees.     
 The NULE improvements are expected to include Levee Crown Road All Weather  resurfacings for all rural levees (total 1200 miles) at cost of $50,000 per mile.   
(15) Rural Setback Levees:                 
 Includes updated levee setback costs for land purchase, old levee removal, fixing existing levees, and construction of new levees.  New lands introduced to the floodplain by the setback levee 
will be subjected to future riparian processes to provide ecosystem restoration.        
(16) Site-Specific  Rural Agricultural Improvements:              
 Not included in this approach  
(17) High estimate includes 25% increase for Non-Urban Design Capacity Improvements to account for upper cost estimate range.       
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Table 6-12. Residual Risk Management Costs for the Enhance Flood System Capacity Approach 
 

NOTE: All cost estimates are based on 2011 costs rounded to the nearest $million.  

REGION 
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      Low   High     Low  High   Low  High Low  High   Low  High   Low High Low  High Low  High    ($) ($) 
1 - Upper 
Sacramento 
Region 

$8.0 $0.0 10  $5.0 to $6.0 $0.0 71 $7.0 to $9.0 10  $4.0 to $6.0 $12.0 to $15.0 0 $0.0 to $0.0 150 $0.0 to $0.0 $3.8 to $5.0 $40.0 to $49.0 $0.0 to $0.0 $40.0 to $49.0 

2 - Mid-Sacramento 
Region $8.0 $0.0 16  $8.0 to $10.0 $0.0 301 $29.0 to $38.0 16  $7.0 to $9.0 $49.0 to $65.0 0 $0.0 to $0.0 660 $0.0 to $0.0 $16.5 to $22.0 $117.0 to $152.0 $0.0 to $0.0 $117.0 to $152.0 

3 - Feather River 
Region $8.0 $0.0 25  $13.0 to $15.0 $0.0 162 $16.0 to $21.0 25  $11.0 to $14.0 $27.0 to $35.0 0 $0.0 to $0.0 270 $0.0 to $0.0 $6.8 to $9.0 $81.0 to $102.0 $0.0 to $0.0 $81.0 to $102.0 

4 - Lower 
Sacramento 
Region 

$8.0 $0.0 38  $19.0 to $23.0 $0.0 43 $5.0 to $6.0 38  $16.0 to $22.0 $8.0 to $10.0 0 $0.0 to $0.0 120 $0.0 to $0.0 $3.0 to $4.0 $59.0 to $72.0 $0.0 to $0.0 $59.0 to $72.0 

5 - Delta North 
Region* $8.0 $0.0 19  $95.0 to $97.0 $0.0 252 $24.0 to $320 19  $8.0 to $11.0 $0.0 to $0.0 0 $0.0 to $0.0 390 $0.0 to $0.0 $9.8 to $13.0 $145.0 to $161.0 $0.0 to $0.0 $145.0 to $161.0 

6 - Delta South 
Region $8.0 $0.0 17  $9.0 to $11.0 $0.0 54 $6.0 to $7.0 17  $7.0 to $10.0 $0.0 to $0.0 0 $0.0 to $0.0 270 $0.0 to $0.0 $6.8 to $9.0 $37.0 to $45.0 $0.0 to $0.0 $37.0 to $45.0 

7 - Lower San 
Joaquin Region $8.0 $0.0 37  $19.0 to $23.0 $0.0 38 $4.0 to $5.0 37  $16.0 to $21.0 $0.0 to $0.0 0 $0.0 to $0.0 60 $0.0 to $0.0 $1.5 to $2.0 $48.0 to $59.0 $0.0 to $0.0 $48.0 to $59.0 

8 - Mid - San 
Joaquin Region $8.0 $0.0 19  $10.0 to $12.0 $0.0 51 $6.0 to $7.0 19  $8.0 to $11.0 $0.0 to $0.0 0 $0.0 to $0.0 120 $0.0 to $0.0 $3.0 to $4.0 $35.0 to $42.0 $0.0 to $0.0 $35.0 to $42.0 

9 - Upper San 
Joaquin Region $8.0 $0.0 40  $20.0 to $24.0 $0.0 228 $22.0 to $29.0 40  $17.0 to $23.0 $0.0 to $0.0 0 $0.0 to $0.0 960 $0.0 to $0.0 $24.0 to $32.0 $91.0 to $116.0 $0.0 to $0.0 $91.0 to $116.0 

Total $72.0 $0.0 221  $198.0 to $221.0 $0.0 1,200 $119.0 to $150.0 221 $94.0 to $125.0 $96.0 to $125.0 0 $0.0 to $0.0 3,000 $0.0 to $0.0 $75.0 to $100.0 $653.0 to $798.0 $0.0 to $0.0 $653.0 to $798.0 
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Residual Risk Management Assumptions:   
(16) Additional Flood Information Collection and Sharing:    
 Includes $8 million per region to improve:  
  Identification and notification of the flood hazards to residents 
  Effectively broadcasting real-time flood information to rural areas 
  Mapping evacuation routes and provide them to public 
  Additional flood monitoring stations in rural areas 
 (17) All Weather Roads on Levee Crowns:    
 Improvement expected to be made as part of ULE and NULE levee improvements  
 (18) Local Flood Emergency Response Planning:    
 Includes a one-time expenditure of  $500,000 to $600,000 per Levee Flood Protection Zone to improve:  
  Assist local agencies to prepare flood emergency response plan 
  Train flood patrolling and flood fight 
  Conduct flood exercises with local entities 
  Develop communication tool and process for flood emergency response 
  *Includes $80 million for purchase of Delta Flood fight materials and $5 million for increased Delta Communications 
(19) Additional Forecasting and Notification:    
 Forecasting and Notification will continue to operate at its current level.  No enhancements are included for this approach.  
 (20) Identification and Repair of After Event Erosions:    
 Inspect the flood system after any major flood event to identify erosion sites.  Repair erosion sites in a timely manner before they are expected to become a major remain project. 
 (21) Develop and Implement Enhanced O&Ms:    
 Includes annual expenditures of $4,000,000 to $5,000,000 per year to:  
  Develop and implement an enhanced O&M program and establish regional maintenance organizations.   
 (22) Sacramento Channel and Levee Management and Bank Protection:    
  Channel and levee management program includes system capacity evaluation and remediation's and Sacramento River Bank Protection.  Assumes $4 to $5 million per year over 
next 25 years.  State will assume responsibilities for O&M of the bypasses as well as the water side of the project levees in Sacramento River System 
(23) Raising and Waterproofing Structures and Building Berms:   
 Not included in this approach 
 (24) Purchasing and Relocating Homes in Floodplains:   
 Not included in this approach 
 (25) Land Use and Floodplain Management Integration :   
 Land use and floodplain management integration including preparing multi-hazard plans, multi-hazard plans, floodplain management plan, local general plan updates, etc.   
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Table 6-13. System Improvement Costs for the State Systemwide Investment Approach 
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Acreage Cost  Acreage Cost  Acreage Cost Length Cost  Length Cost  Cost Cost Cost Cost Cost  

(acres) Low    High Low   High Low    High (acres) Low  High (miles) Low  High (miles) Low  High Low  High Low   High Low   High Low  High Low  High Low  High Low  High Low  High 

1 - Upper 
Sacramento 
Region 

0 $0 to $0 5,000 to 10,000 $18 to $42 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $60 to $90 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $87.0 to $144.0 $22.0 to $36.0 $109.0 to $180.0 

2 - Mid-
Sacramento 
Region 

0 $0 to $0 10,000 to 15,000 $35 to $63 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $122 to $174 $0 to $0 $0 to $0 $0 to $0 $30.0 to $35.0 $187.0 to $272.0 $47.0 to $68.0 $234.0 to $340.0 

3 - Feather River 
Region 9,000 $87 to $98 15,000 to 25,000 $79 to $150 3,300 $165 to $198 31.0 $671 to $793 15.0 $210 to $270 $135 to $190 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $1,356.0 to $1,711.0 $339.0 to $428.0 $1,695.0 to $2,139.0 

4 - Lower 
Sacramento 
Region 

18,900 $256 to $284 5,000 to 10,000 $32 to $70 4,900 $258 to $307 21.0 $462 to $546 2.0 $28 to $36 $230 to $280 $5 to $6 $0 to $0 $0 to $0 $30.0 to $40.0 $1,301.0 to $1,569.0 $326.0 to $393.0 $1,627.0 to $1,962.0 

5 - Delta North 
Region 7,900 $72 to $83 5,000 to 10,000 $21 to $49 2,000 $94 to $114 19.0 $407 to $481 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $603.0 to $739.0 $151.0 to $185.0 $754.0 to $924.0 

6 - Delta South 
Region 1,000 $9 to $11 10,000 to 15,000 $42 to $74 300 $14 to $17 8.0 $165 to $195 7.0 $91 to $117 $20 to $25 $0 to $0 $0 to $0 $0 to $0 $0.0 to $0.0 $341.0 to $439.0 $86.0 to $110.0 $427.0 to $549.0 

7 - Lower San 
Joaquin Region 0 $0 to $0 0 to 0 $0 to $0 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $5 to $6 $0 to $0 $0 to $0 $0.0 to $0.0 $5.0 to $6.0 $2.0 to $2.0 $7.0 to $8.0 

8 - Mid - San 
Joaquin Region 0 $0 to $0 10,000 to 15,000 $39 to $69 0 $0 to $0 0.0 $0 to $0 0.0 $0 to $0 $0 to $0 $9 to $12 $0 to $0 $0 to $0 $0.0 to $0.0 $48.0 to $81.0 $12.0 to $21.0 $60.0 to $102.0 

9 - Upper San 
Joaquin Region 0 $0 to $0 10,000 to 15,000 $39 to $69 0 $50 to $50 0.0 $0 to $0 0.0 $0 to $0 $71 to $88 $23 to $30 $0 to $0 $0 to $0 $0.0 to $0.0 $183.0 to $237.0 $46.0 to $60.0 $229.0 to $297.0 

Total 36,800 $424 to $476 70,000 to 115,000 $305 to $586 10,500 $581 to $686 79.0 $1,705 to $2,015 24.0 $329 to $423 $638 to $847 $69 to $90 $0 to $0 $0 to $0 $60 to $75 $4,111.0 to $5,198.0 $1,028.0 to $1,300.0 $5,142.0 to $6,501.0 

NOTE: All cost estimates are based on 2011 costs rounded to nearest $million. 
System Improvement Assumptions:      
 (1) Land Acquisition:       
 Land Purchase Cost Assumptions by Region     
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 1 - Upper Sacramento $10,000 to  $12,000/acre  
   2 - Mid-Sacramento  $10,000 to $12,000/acre  
   3 - Feather River  $15,000 to $17,000/acre  
   4 - Lower Sacramento $18,000 to  $20,000/acre  
   5 - Delta North  $12,000 to $14,000/acre  
   6 - Delta South  $12,000 to $14,000/acre  
   7 - Lower San Joaquin $15,000 to $17,000/acre  
   8 - Mid - San Joaquin $11,000 to  $13,000/acre  
   9 - Upper San Joaquin $11,000 to $13,000/acre  
 (2) Agricultural Conservation Easement:      
 Agricultural Conservation Assumed % of Land Acquisition by Region     
 1 - Upper Sacramento 35% 
   2 - Mid-Sacramento  35% 
   3 - Feather River  35% 
   4 - Lower Sacramento 35% 
   5 - Delta North  35% 
   6 - Delta South  35% 
   7 - Lower San Joaquin 35% 
   8 - Mid - San Joaquin 35% 
   9 - Upper San Joaquin 35% 
(3) Ecosystem Restoration and Enhancement:            

Assumes 25% of land purchased for bypasses will be developed for conservation and other 75% will be leased back to farmers for environmentally friendly agricultural practices such as corn, 
rice, and other grains.         
 Environmental Conservation Development by Region          
 1 - Upper Sacramento $35,000 to  $45,000/acre     
   2 - Mid-Sacramento  $35,000 to $45,000/acre     
   3 - Feather River  $35,000 to $45,000/acre     
   4 - Lower Sacramento $35,000 to $45,000/acre     
   5 - Delta North  $35,000 to $45,000/acre     
   6 - Delta South  $35,000 to $45,000/acre     
   7 - Lower San Joaquin $35,000 to $45,000/acre     
   8 - Mid - San Joaquin $35,000 to $45,000/acre     
   9 - Upper San Joaquin $35,000 to $45,000/acre  
Includes $50 million for Upper San Joaquin River Restoration Projects.    

 (4) New Levee Design and Construction:     
 $22 to $26 million/mile  
 (5) Improve Existing Levees:     
 $14 to $18 million/mile  
(6) Flood System Structures:  
 Not included in this approach 
(7) F-CO / F-BO:  
 Includes up to 15 F-CO/F-BO in the Sacramento Basin (up to seven reservoirs) and the San Joaquin Basin (up to eight reservoirs) 
(8) New Reservoirs:  
 Not included in this approach 
(9) Easements:  
 Not included in this approach 
(10) System Erosion and Bypass Sediment Removal Project:  
 Not included in this approach 
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Table 6-14. Urban Improvement Costs for the State Systemwide Investment Approach 

REGION Estimated Project Cost (11) 
Risk Assessment, 

Feasibility, Engineering, 
and Permitting (20%) 

(13) 

Range of Estimated Total 
Cost over Program 

Duration 

Low   High Low   High Low   High 
Upper Sacramento Region $100.0 to $120.0 $20.0 to $24.0 $120.0 to $144.0 
  Chico Urban Levee Improvements $100.0 to $120.0 $20.0 to $24.0 $120.0 to $144.0 
Mid-Sacramento Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Feather River Region $760.0 to $891.0 $131.0 to $157.0 $891.0 to $1,048.0 
  Sutter County Feasibility Study $8.5 to $10.2 $1.7 to $2.0 $10.2 to $12.2 
  Feather River West Levee SBFCA $245.0 to $294.0 $49.0 to $58.8 $294.0 to $352.8 

  LD1-EIP-Lower Feather River 
Setback Levee at Star Bend $20.8 to $20.8 $0.0 to $0.0 $20.8 to $20.8 

  Marysville Ring Levee 
Reconstruction $161.9 to $194.3 $32.4 to $38.9 $194.3 to $233.1 

  Yuba River Basin GRR $15.4 to $18.5 $3.1 to $3.7 $18.5 to $22.2 

  TRLIA-EIP Feather River Levee 
Improvement Project $222.0 to $266.4 $44.4 to $53.3 $266.4 to $319.7 

  TRLIA-EIP-Upper Yuba River 
Levee Improvement Project $68.0 to $68.0 $0.0 to $0.0 $68.0 to $68.0 

  RD 2103-EIP-Bear River North 
Levee Rehabilitation Project $18.2 to $18.2 $0.0 to $0.0 $18.2 to $18.2 

Lower Sacramento Region $3,117.0 to $3,726.0 $145.0 to $173.0 $3,261.0 to $3,899.0 

  American River Common Features 
Project/GRR $12.8 to $15.4 $2.6 to $3.1 $15.4 to $18.4 

  
American River Common 
Features-WRDA96/99 
Projects/Remaining Sites $282.0 to $338.4 $0.0 to $0.0 $282.0 to $338.4 

  
Folsom Dam Modifications-Joint 
Federal Project (Gated Auxiliary 
Spillway) $800.0 to $1,000.0 $0.0 to $0.0 $800.0 to $1,000.0 

  
Folsom Dam Raise,  Bridge 
Element Study and 
Implementation $130.0 to $140.0 $0.0 to $0.0 $130.0 to $140.0 

  Folsom Dam Raise - Reservoir 
Enlargement $125.0 to $130.0 $0.0 to $0.0 $125.0 to $130.0 

  South Sacramento County 
Streams $104.0 to $124.8 $0.0 to $0.0 $104.0 to $124.8 

  SAFCA-EIP-NCC Natomas Levee 
Improvement Project $70.0 to $84.0 $0.0 to $0.0 $70.0 to $84.0 

  SAFCA-NLIP,CO Natomas Levee 
Improvement Project $310.0 to $372.0 $0.0 to $0.0 $310.0 to $372.0 

  Natomas Basin Design and 
Construction (Future) $385.0 to $462.0 $0.0 to $0.0 $385.0 to $462.0 

  Magpie Creek Project (Future) $9.8 to $11.8 $2.0 to $2.4 $11.8 to $14.1 

  
American River South and 
Sacramento River Future 
Improvements $500.0 to $600.0 $100.0 to $120.0 $600.0 to $720.0 

  Slip Repair $53.0 to $63.6 $10.6 to $12.7 $63.6 to $76.4 

  WSAFCA-EIP-CO  West 
Sacramento $105.0 to $126.0 $21.0 to $25.2 $126.0 to $151.2 

  West Sacramento Project GGR $10.0 to $12.0 $2.0 to $2.4 $12.0 to $14.4 

  
Woodland/ Lower Cache Creek 
Feasibility Study and 
Implementation $190.0 to $210.0 $0.0 to $0.0 $190.0 to $210.0 

  Davis-Willow Slough $30.0 to $36.0 $6.0 to $7.2 $36.0 to $43.2 
Delta North Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Delta South Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
    $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
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Table 6-14. Urban Improvement Costs for the State Systemwide Investment Approach 
(Continued) 

 

REGION Estimated Project Cost (11) 
Risk Assessment, 

Feasibility, Engineering, 
and Permitting (20%) 

(13) 

Range of Estimated Total 
Cost over Program 

Duration 

Low   High Low   High Low   High 
Lower San Joaquin Region $162.0 to $194.0 $33.0 to $39.0 $194.0 to $233.0 

  Lower San Joaquin Feasibility 
Study $15.4 to $18.5 $3.1 to $3.7 $18.5 to $22.2 

  RD 17-EIP-100-Year Levee 
Seepage Area Project $76.0 to $91.2 $15.2 to $18.2 $91.2 to $109.4 

  Mormon Slough Bypass/ Stockton 
Diverter Canal $40.0 to $48.0 $8.0 to $9.6 $48.0 to $57.6 

  Smith Canal Closure Structure 
(EIP Project) $30.0 to $36.0 $6.0 to $7.2 $36.0 to $43.2 

Mid - San Joaquin Region $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
  $0.0 to $0.0 $0.0 to $0.0 $0.0 to $0.0 
Upper San Joaquin Region $138.0 to $166.0 $28.0 to $34.0 $166.0 to $199.0 

  Merced County Streams Group 
(Bear Creek Unit) $137.7 to $165.2 $27.5 to $33.0 $165.2 to $198.3 

Identified Urban Improvements 
Subtotal $4,277.0 to $5,097.0 $357.0 to $427.0 $4,632.0 to $5,523.0 

Non-SPFC Urban Levee Improvements  - (12) 

REGION 
Estimated Project Cost 

(11) 
Risk Assessment, 

Feasibility, Engineering, 
and Permitting  (20%) (13) 

Range of Estimated Total 
Cost over Program 

Duration 
Low   High Low   High Low   High 

  1 - Upper Sacramento Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  2 - Mid-Sacramento Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  3 - Feather River Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  4 - Lower Sacramento Region $240.0   $320.0 $48.0   $64.0 $288.0   $384.0 
  5 - Delta North Region $120.0   $160.0 $24.0   $32.0 $144.0   $192.0 
  6 - Delta South Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  7 - Lower San Joaquin Region $360.0   $480.0 $72.0   $96.0 $432.0   $576.0 
  8 - Mid - San Joaquin Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 
  9 - Upper San Joaquin Region $0.0   $0.0 $0.0   $0.0 $0.0   $0.0 

Non-SPFC Urban Levee 
Improvements Subtotal $720.0   $960.0 $144.0   $192.0 $864.0   $1,152.0 

Urban Improvements Total $4,997.0 to $5,817.0 $501.0 to $571.0 $5,496.0 to $6,675.0 
Assumptions:      
NOTE: All cost estimates are based on 2011 costs rounded to nearest $million. 
 (11) Estimated Project Costs:       
 Costs provided by Project Management Office based on input from local agencies.    
 Folsom Enlargement is an authorized project to provide flood protection for the City of Sacramento    
(12) Non-SPFC Urban Levee Improvements      
 Improvement costs estimated at $6 to $8 million per mile for approximately 120 miles of Non-SPFC Urban Levees 
because no levee evaluation data is available at this time.    
 These improvement costs area less than other improvement cost estimates because these levees   
 are generally on smaller tributary streams as a result are smaller than other levees.   
(13) Risk Assessment, Feasibility, Engineering, and Permitting (20%)      
 Ranges by project from 0% to 20% depending on level of project development    
 
 



 

 

6-29 
February 2012

Table 6-15. Rural-Agricultural Improvement Costs for the State Systemwide Investment Approach 

REGION 
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            Low  High   Low  High Low  High ($) 

1 - Upper Sacramento Region $74.0 $0.0 $0.0 71 $46.0 to $57.0 $3.0 $123.0 to $134.0 $31.0 to $34.0 $154.0 to $168.0 

2 - Mid-Sacramento Region $107.0 
$0.0 $0.0 

301 $62.0 to $77.0 $119.0 $288.0 to $303.0 $72.0 to $76.0 $360.0 to $379.0 

3 - Feather River Region $173.0 
$0.0 $0.0 

162 $24.0 to $30.0 $28.0 $225.0 to $231.0 $57.0 to $58.0 $282.0 to $289.0 

4 - Lower Sacramento Region $0.0 
$0.0 $0.0 

43 $37.0 to $46.0 $24.0 $61.0 to $70.0 $16.0 to $18.0 $77.0 to $88.0 

5 - Delta North Region $77.0 
$0.0 $0.0 

252 $93.0 to $117.0 $313.0 $483.0 to $507.0 $121.0 to $127.0 $604.0 to $634.0 

6 - Delta South Region $0.0 
$0.0 $0.0 

54 $18.0 to $22.0 $19.0 $37.0 to $41.0 $10.0 to $11.0 $47.0 to $52.0 

7 - Lower San Joaquin Region $0.0 
$0.0 $0.0 

38 $8.0 to $10.0 $5.0 $13.0 to $15.0 $4.0 to $4.0 $17.0 to $19.0 

8 - Mid-San Joaquin Region $3.0 
$0.0 $0.0 

51 $25.0 to $31.0 $10.0 $38.0 to $44.0 $10.0 to $11.0 $48.0 to $55.0 

9 - Upper San Joaquin Region $121.0 
$0.0 $0.0 

228 $19.0 to $24.0 $6.0 $146.0 to $151.0 $37.0 to $38.0 $183.0 to $189.0 

Total $555.0 $0.0 $0.0 1,200 $332.0 to $414.0 $523.0 $1,410.0 to $1,492.0 $353.0 to $373.0 $1,772.0 to $1,873.0 
NOTE: All cost estimates are based on 2011 costs rounded to nearest $million. 
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Assumptions:                
  
 (13) Small Community Improvements:                
 Provides 100-year level of protection for small communities within the SPFC that are not protected by other systemwide and/or urban level improvements.  Cost of implementation is 
less than $30,000 per person protected (about $100,000 per house).      
 Non-structural measures will be taken when the cost of protection exceeds $100,000 per house (see Residual Risk Management)   
 Total population in protected small communities is estimated at 47,000 people, and requires about 60 miles of new levees. The costs associated with the approximately 60 miles of 
levee improvements are included as part of NULE Design Capacity Improvements.   
 Assumed construction costs include a combination of levee improvements and construction of new levees for each individual community.      
 Small communities protected by Region are listed below:            
   1- Upper Sacramento: Durham, Gerber-Las Flores            
   2 - Mid-Sacramento: Knights Landing, Meridian, Colusa, Glenn, Grimes, Butte City, Robbins, Princeton      
   3- Feather River: Verona, Biggs, Wheatland, Gridley, Live Oak, Sutter, Tierra Buena        
   5- Delta North: Rio Vista, Clarksburg, Courtland, Hood, Walnut Grove, Isleton         
   8 - Mid-San Joaquin: Grayson               
   9 - Upper San Joaquin: Firebaugh, Dos Palos, South Dos Palos           
(14) Non-Urban - Design Capacity Improvements:              
 Estimates from NULE program for improvements to non-urban project levees and related non-urban non-project levees.     
 The NULE improvements are expected to include Levee Crown Road All Weather resurfacings for all rural levees (total 1200 miles) at cost of $50,000 per mile.   
(15) Rural Setback Levees:                 
 Includes updated levee setback costs (9/29) for land purchase, old levee removal, fixing existing levees, and construction of new levees.  New lands introduced to the floodplain by 
the setback levee will be subjected to future riparian processes to provide ecosystem restoration.        
(16) Site-Specific Rural Agricultural Improvements:              
 Not included in this approach               
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Table 6-16. Residual Risk Management Costs for the State Systemwide Investment Approach 
   

REGION 
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      Low   High     Low  High   Low  High Low  High   Low   High   Low  High Low  High Low  High    ($) ($) 
1 - Upper 
Sacramento 
Region 

$15.0 $4.0 10  $5.0 to $6.0 $10.0 71 $14.0 to $18.0 10  $5.0 to $6.0 $12.0 to $15.0 150 $11.3 to $15.0 150 $11.3 to $15.0 $7.5 to $10.0 $95.0 to $114.0 $0.0 to $0.0 $95.0 to $114.0 

2 - Mid-
Sacramento 
Region 

$15.0 $14.0 16  $8.0 to $10.0 $10.0 301 $57.0 to $76.0 16  $7.0 to $9.0 $18.0 to $23.0 660 $49.5 to $66.0 660 $49.5 to $66.0 $33.0 to $44.0 $261.0 to $333.0 $0.0 to $0.0 $261.0 to $333.0 

3 - Feather River 
Region $15.0 $9.0 25  $13.0 to $15.0 $10.0 162 $31.0 to $41.0 25  $11.0 to $14.1 $ 2 7 . 0 to $36.0 270 $20.3 to $27.0 270 $20.3 to $27.0 $13.5 to $18.0 $170.0 to $212.0 $0.0 to $0.0 $170.0 to $212.0 

4 - Lower 
Sacramento 
Region 

$15.0 $3.0 38  $19.0 to $23.0 $10.0 43 $9.0 to $11.0 38  $17.0 to $21.5 $41.0 to $54.0 120 $9.0 to $12.0 120 $9.0 to $12.0 $6.0 to $8.0 $138.0 to $169.0 $0.0 to $0.0 $138.0 to $169.0 

5 - Delta North 
Region* $15.0 $11.0 19  $95.0 to $97.0 $10.0 252 $48.0 to $63.0 19  $9.0 to $10.7 $0.0 to $0.0 390 $29.3 to $39.0 390 $29.3 to $39.0 $19.5 to $26.0 $266.0 to $311.0 $0.0 to $0.0 $266.0 to $311.0 

6 - Delta South 
Region $15.0 $3.0 17  $9.0 to $11.0 $10.0 54 $11.0 to $14.0 17  $8.0 to $9.6 $0.0 to $0.0 270 $20.3 to $27.0 270 $20.3 to $27.0 $13.5 to $18.0 $110.0 to $135.0 $0.0 to $0.0 $110.0 to $135.0 

7 - Lower San 
Joaquin Region $15.0 $2.0 37  $19.0 to $23.0 $10.0 38 $8.0 to $10.0 37  $16.0 to $20.9 $0.0 to $0.0 60 $4.5 to $6.0 60 $4.5 to $6.0 $3.0 to $4.0 $82.0 to $97.0 $0.0 to $0.0 $82.0 to $97.0 

8 - Mid - San 
Joaquin Region $15.0 $3.0 19  $10.0 to $12.0 $10.0 51 $10.0 to $13.0 19  $9.0 to $10.7 $0.0 to $0.0 120 $9.0 to $12.0 120 $9.0 to $12.0 $6.0 to $8.0 $81.0 to $96.0 $0.0 to $0.0 $81.0 to $96.0 

9 - Upper San 
Joaquin Region $15.0 $11.0 40  $20.0 to $24.0 $10.0 228 $43.0 to $57.0 40  $17.0 to $22.6 $0.0 to $0.0 960 $72.0 to $96.0 960 $72.0 to $96.0 $48.0 to $64.0 $308.0 to $396.0 $0.0 to $0.0 $308.0 to $396.0 

Total $135.0 $60.0 221  $198.0 to $221.0 $90.0 1,200 $231.0 to $300.0 221 $99.0 to $125.0 $98.0 to $125.0 3,000 $225.0 to $300.0 3,000 $225.0 to $300.0 $150.0 to $200.0 $1,511.0 to $1,863.0 $0.0 to $0.0 $1,511.0 to $1,863.0 



 

 

6-32 
February 2012

NOTE: All cost estimates are based on 2011 costs rounded to nearest $million. 
Residual Risk Management Assumptions:   
(16) Additional Flood Information Collection and Sharing:    
 Includes $15 million per region to improve:  
  Identification and notification of the flood hazards to residents 
  Effectively broadcasting real-time flood information to rural areas 
  Mapping evacuation routes and provide them to public 
  Additional flood monitoring stations in rural areas 
 (17) All Weather Roads on Levee Crowns:    
 Includes Levee Crown Road All Weather resurfacings for all rural levees (total 1200 miles) at cost of $50,000 per mile  
 (18) Local Flood Emergency Response Planning:    
 Includes a one-time expenditure of  $500,000 to $600,000 per Levee Flood Protection Zone to improve:  
  Assist local agencies to prepare flood emergency response plan 
  Train flood patrolling and flood fight 
  Conduct flood exercises with local entities 
  Develop communication tool and process for flood emergency response 
  *Includes $80 million for purchase of Delta Flood fight materials and $5 million for increased Delta Communications 
(19) Additional Forecasting and Notification:    
 Includes a one-time expenditure of  $10,000,000 per Region to improve:  
  Improve timing and accuracy of flood forecasts 
  Develop additional forecasting points to effectively serve rural communities 
  Develop an effective way of distribution forecasts to rural areas 
 (20) Identification and Repair  of After Event Erosions:    
 Inspect the flood system after any major flood event to identify erosion sites.  Repair erosion sites in a timely manner before they are expected to become a major remain project. 
 (21) Develop and Implement Enhanced O&M  Programs and Regional Organizations:    
 Includes annual expenditures of  $4,000,000 to $5,000,000 per year to:  
  Develop and implement an enhanced O&M program and establish regional maintenance organizations.   
 (22) Sacramento Channel and Levee Management and Bank Protection :    

Channel and levee management program includes system capacity evaluation and remediation's and Sacramento River Bank Protection.  Assumes $4,000,000 to $5,000,000 per 
year over next 25 years.  State will assume responsibilities for O&M of the bypasses as well as the water side of the project levees in Sacramento River System 

(23) Raising and Waterproofing  Structures and Building Berms:   
 Includes removing or raising structures within floodplains within rural areas. 
 Estimated in include about 3,000 homes  
 Costs estimated at $75,000 to $100,000 per house  
 A grant program to flood proof structures in rural floodplains (up to $100,000 per house and up to3,000 houses: totals up to $300 million) 
 (24) Purchasing and Relocating Homes in Floodplains:   
 Purchasing of houses in high risk areas of  rural floodplains (up to $100,000 per house and up to 3,000 houses (totals $300 million) 
 (25) Land Use and Floodplain Management Integration :   
 Land use and floodplain management integration including preparing multi-hazard plans, multi-hazard plans, floodplain management plan, local general plan updates, etc.   
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ARCHITECTURAL AND ENGINEERING CONTRACTS 

FLOOD CONTROL SYSTEM STATUS REPORT (FCSSR) 
CONCEPTUAL COST ESTIMATING 

 

 
Date: July __, 2011 

To: Mike Inamine, Principal Engineer, Levees Portfolio Manager, DWR 
Steve Mahnke, Chief, Urban Levee Evaluations, DWR 

From: Richard Millet, URS Corporation 
Sujan Punyamurthula, URS Corporation 
Joseph Barnes, URS Corporation 

Reviewed By: __________, URS Corporation 

Contract: 4600008101, Task Order U14 

Subject: Conceptual Estimate of Levee Remediation Costs for Urban Levees 

 
1.0 BACKGROUND AND SCOPE 

The Department of Water Resources (DWR) is undertaking a program to determine the approximate cost 
to repair urban levees in 15 urban study areas covering the Sacramento and San Joaquin river systems 
to support preparation of the Flood Control System Status Report (FCSSR). On January 24, 2011, URS 
received written authorization to begin work on Task Order U14, which included providing geotechnical, 
civil engineering, and cost estimating support services for DWR relative to the FCSSR. 

In general, the scope of work for Task Order U14 consists of: 

Task 14-1: Adapting and using the Non-Urban Levee Evaluation (NULE) estimating protocol template 
to develop conceptual cost estimates to remediate structural and freeboard deficiencies identified for 
the 55/57 and 200-year design water surface elevations for the 15 Urban Levee Evaluation (ULE) 
study areas 

Task U14-2: Coordinating the work  

Task U14-3: Travel  

This memorandum documents the following work performed for each of the 15 ULE study areas under 
Task U14-1: 

1. Establishing ULE estimating protocol by using and updating the existing NULE estimating tool.  

2. Applying the estimating protocol to ULE FCSSR deficiencies identified by preliminary 
geotechnical evaluations completed for the reaches within ULE study areas.  

3. Identifying remediation alternatives based on engineering judgment for each reach to address the 
applicable deficiency (seepage, stability and freeboard). The “rule of thumb” engineering 
guidance developed in the NULE program was used to establish the physical dimensions for 
selected remediations and remediation alternatives. No engineering analyses of selected 
remediations were performed.  

4. Preparing conceptual cost estimates for each reach requiring remediation. 
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5. Presenting results to DWR reviewers and any applicable stakeholders, and modifying estimate 
results as necessary based upon comments received. 

6. Preparing this memorandum to present cost estimating results.  

Under Task U14-1, URS updated the Draft Parametric Cost Estimating Tool (Estimating Tool) developed 
for the NULE program. In general, the same types of remediations used for the NULE program were 
adapted for the ULE program. However, two special cases were added for the ULE program. These 
included jet grouting and mixed-in-place soil-cement auger piles (secant piles), which are described later 
in this memorandum. Adapting the use of the NULE Estimating Tool for the ULE program study areas 
provides a consistent methodology for generating levee repair alternative cost estimates for both 
programs.  

Under Task U14-1, URS selected levee remediation alternatives for levee reaches in ULE study areas 
that address deficiencies identified in FCSSR Tables and on Traffic Light Maps. Remediation estimates 
were prepared for reaches assigned ratings of “Does Not Meet Criteria” “Marginal Mets Criteria” or “Lacks 
Data” for freeboard, erosion, throughseepage, under seepage, or stability evaluations. Reaches that meet 
all criteria do not require remediation and have no remediation costs. The list below summarizes the 
number of reaches in each study area for which one remediation or more is required and for which URS 
prepared remediation cost estimates: 

Number of Reaches Requiring Remediation Cost Estimates 

ULE Study Area Design Water Surface 

55/57 
 

200-Year 
 American River   

Davis   
Marysville   
Natomas North, West and South    
Natomas East Main Drainage Canal (NEMDC) East   
NEMDC West   
Reclamation District (RD) 17   
RD 404   
RD 784   
Sacramento River   
San Joaquin Area Flood Control Agency (SJAFCA) (Bear)   
SJAFCA (Calaveras)   
Sutter   
West Sacramento   
Woodland   

 
As noted above, deficiencies were identified with regard to under seepage, throughseepage, stability, 
erosion, and freeboard deficiencies along levee reaches for the two design water levels. Deficiencies 
were identified based on limited, existing surface and subsurface levee data, past performance history, 
and preliminary analyses.  

Cost estimates presented in this memorandum provide a base case for flood mitigation planning by DWR 
for ULE study areas. These estimates reflect an estimated cost to remediate levees so that remediated 
levees would conform to applicable design-basis hydraulic and freeboard requirements stipulated in one 
or more of the following agreements between the federal government and the state of California: 
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 1953 Memorandum of Understanding Respecting the Sacramento River Flood Control Project 
between the USA (United States Army Corps of Engineers) and the State of California, dated 
November 6,1953 (MOU1953) 

 Supplement 1 to MOU1953, dated November 25, 1957 
 Supplement 2 to MOU1953, dated June 5, 1958 

2.0 TECHNICAL APPROACH TEAM MEETINGS 

No Technical Approach Team (TAT) meetings were conducted for the ULE Project work described in this 
memorandum. However, 13 such meetings were conducted for the NULE Project between June and 
October 2010 and the work approach for remediation selection and cost estimating developed from these 
meetings has been carried forward into the estimating work for the ULE program wherever applicable.  

3.0 IDENTIFICATION OF REMEDIAL ALTERNATIVES AND DEVELOPMENT OF UNIT COSTS 
FOR ULE PROJECT LEVEES 

3.1 Key Estimating Assumptions 

Based upon issues, questions discussed, and recommendations made during the prior NULE TAT 
meetings, URS developed a draft list of key estimating assumptions. These have been adapted to the 
ULE estimating work. Attachment 1 contains a list of the key estimating assumptions used for ULE. Some 
key assumptions are further described below. 

3.1.1 Environmental Mitigation 

Due to lack of site-specific environmental information, and lack of time to develop specific data, the 
current Estimating Tool provides only two mitigation percentages: 25 and 35 percent of the total direct 
construction cost. The cost estimates presented in this memorandum use the higher percentage in all 
ULE program study areas, as agreed upon with DWR. 

3.1.2 Land Acquisition 

The estimates include allowances for temporary and permanent easement acquisitions required for each 
remediation based upon the estimated footprint for the remediation. Figure 1 shows basic land acquisition 
requirements for various seepage/stability berm and seepage cutoff wall remediations. Allowances 
include land required for remediation, land required for a 20-foot-wide permanent Central Valley Flood 
Protection Board (CVFPB) easement along the landside toe, and land required for a 5-foot-wide 
additional temporary easement that provides a 25-foot construction corridor when combined with the 
CVFPB easement. Because of the lack of available easement data for many levee reaches in the 
ULE Project, URS assumed that no easements currently exist in the estimates provided in this 
memorandum. 

There are four categories for land use identified in the Estimating Tool: 

 Agricultural 
 Orchard 
 Commercial 
 Residential 

Attachment 1 identifies the input cost parameters for each of these land uses. Note that the cost for 
residential land in ULE program study areas is $1,000,000 per acre compared to $300,000 per acre used 
in the NULE program. When assigning remediations to a levee reach, an estimate of the percentage of 
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each land category potentially impacted by the remediation was determined. These percentages are an 
input parameter to the Estimating Tool. The Estimating Tool calculates a composite real estate rate per 
acre based on the input percentages, and uses this composite rate to estimate real estate costs for the 
remediation alternative’s required area. 

3.1.3 Freeboard, Geometry, and Rock Slope Protection for Erosion Remediation 

All reaches within the 15 ULE study areas identified as having a freeboard deficiency were remediated as 
described later in this memorandum.  

A geometry check against the applicable standard template described in the MOU1953 was performed as 
part of the Tier 1 erosion investigation. If the geometry check failed, but there was no performance history 
of erosion, no remediation or remediation cost for erosion was deemed necessary. If performance history 
indicated erosion was a problem (usually a sub-reach length), then erosion was remediated for that length 
and a rock slope protection erosion repair cost was included in the cost estimate for the affected lengths 
in a reach. Where erosion remediation is required, rock slope protection was considered as the 
remediation method for costing purposes.  

If the geometry check failed, and a remediation was also required in the reach for another deficiency 
(seepage, stability, etc.), a geometry remediation was specified and estimated. To date in the Urban 
Program, except for West Sacramento, only Tier 1 of the three tier erosion program has been completed. 
All erosion evaluations will be completed in the GERs. Therefore, a geometry check against the USACE 
design MOU was used as a proxy for initial assessment in the FCSSR review. However, it was decided 
by DWR (planners) that, although the geometry check may not be satisfied, no remediation would be 
required unless there had been a past history of erosion issues in a reach. 

3.1.4 Revegetation 

For the estimates presented in this memorandum, revegetation of disturbed areas and new construction 
areas (other than rock slope protection areas) was assumed to be limited to hydroseeding. This is the 
customary treatment for recent levee remediation projects. The cost for special plantings, irrigation 
systems, and ongoing maintenance included as part of the emergency levee repair program was not 
reflected in the estimates presented in this memorandum. 

3.1.5 Escalation 

Cost estimates include escalation for one year from October 2010 to October 2011 as requested by the 
Central Valley Flood Protection Planning Group. Escalation is assumed at 3 percent per year. 

3.1.6 Other Direct and Indirect Costs 

In addition to escalation and other factors mentioned previously in this memorandum, cost estimates 
provided in this memorandum also include appropriate allowances (as a percentage of direct construction 
cost) for engineering and design, engineering support during construction, construction management, and 
owner legal costs. The respective allowances for these costs are presented in Attachment 1.  

3.1.7 Burrowing Animal Infestation 

Levees can have significant burrowing animal infestation. As agreed upon in the NULE program by TAT 
participants, such infestations were not taken as a cause for remediation by themselves. Continuing this 
concept, no estimated costs to treat burrowing animal infestation are included for ULE program levee 
reaches in this memorandum.  
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DWR has evaluated an approximate cost to repair burrowing animal damage as a maintenance activity by 
evaluating historical data for a 23-mile-long reach of levee. The results of the evaluation indicate that the 
material, equipment, and labor cost to backfill holes can range from $2,000 to $3,000 per mile for one 
treatment cycle. The need for addition and/or ongoing treatment cycles would increase this estimated 
cost.  

3.1.8 Guidance for Defining Dimensions for Slurry Walls and Seepage Berms for Estimating 

There are locations in ULE study areas (at the two design water surfaces) where the width of seepage 
berm or depth of slurry wall cannot be determined based on currently available information. In such 
cases, an approximation method was used to select wall depths and seepage berm widths that would 
provide comparable levels of protection. Selection criteria for wall depth and berm width for ULE is based 
on landside height of levee and is the same criteria agreed upon by TAT participants for the NULE 
program. This criteria is discussed further in the Estimating Assumptions (Attachment 1). 

3.1.9 Handling Levee Reaches with Overbuilt Crest Width 

When selecting remediations and preparing cost estimates for the ULE program, analysts noted that a 
significant number of reaches within the study areas had overbuilt crest widths that exceeded the 
applicable criteria. For overbuilt reaches requiring slurry wall or DSM wall remediation for throughseepage 
or under seepage, analysts initially assumed that the degraded levee section would only be rebuilt back 
to the criteria width to avoid overestimating the cost of earthwork. However, during DWR’s review of draft 
estimates DWR asked URS to modify the estimates to include levee reconstruction to the existing width. 
Because of the normal variation in existing width and construction tolerance that can existing along a 
levee reach, URS adopted the following criteria to estimate reconstruction earthwork costs: 

 If the existing levee width is less than 20 feet, then use the existing crest width, but do not use less 
than 12 feet in any case. 

 If the existing width is between 20 and 23 feet, use 20 feet for the crest width. 
 If the existing levee crest is between 24 and 39 feet, use the existing crest width. 
 If the existing levee crest is greater than 40 feet, then assume no levee degrade is necessary for 

cutoff wall construction and that the cutoff wall is constructed from the level of the exiting crest. 

3.1.10 Limitations 

The assumptions described in this section and those documented in Attachment 1 are for a conceptual-
level planning effort. They are reasonable and appropriate given the limited physical and geotechnical 
data and the lack of specific remediation designs. Because of these limitations, URS recommends the 
estimates presented in this memorandum are solely used as a tool for levee remediation program 
planning. These cost estimates should not be used for actual construction budget planning, and 
should never be used on a reach-by-reach basis.  

3.2 Estimating Tool Background and Update 

The Estimating Tool used for the ULE program is the same tool use for the NULE program, except that 
two additional remedial alternatives were added: 

 Using in situ-mixed soil-cement auger holes to form a series of parallel secant walls perpendicular to 
the levee center line where landside slope stability is a deficiency in densely residential areas and/or 
where property acquisition to construct a stability berm is not practical 

 Using jet grouting for seepage control in areas where there are existing gaps in slurry wall cutoffs due 
to obstructions such as pipelines, bridges, etc. (particularly along American River reaches).  
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Attachment 2 is a technical memorandum providing information about the auger hole (secant pile) 
remedial alternative. 

3.3 Unit Rates and Cost Elements for Estimating 

Unit rates and the various indirect cost and overhead factors used in the Estimating Tool are shown on 
Table 1. When selecting the rates shown on Table 1, analysts used caution and avoided adopting any 
highly competitive lower rates seen during bidding happening in the recent economic downturn.  

3.4 Identifying Remedial Alternatives 

The remedial alternatives that are used individually or in combination to address all deficiencies identified 
in the FCSSR process are listed below. 

Alternative Type of Deficiency Remediated 

Drained stability berm Throughseepage and stability deficiencies 

Seepage berm Underseepage deficiency 

Combination drained stability and seepage berm Throughseepage, underseepage, stability deficiencies 

Conventional soil-bentonite slurry wall (up to 75 feet 
remediation depth) 

Throughseepage and underseepage deficiencies 

Deep Soil Mixing (DSM) wall  
(greater than 70 feet remediation depth ) 

Throughseepage and underseepage deficiencies 

Rock slope protection Waterside erosion deficiency 

Replacement levee Throughseepage and stability deficiencies 

Freeboard/geometry remediation Freeboard and/or geometry deficiencies 

Secant Walls (soil-cement auger holes) Slope stability where property acquisition is not feasible 

Jet grouting Throughseepage and underseepage  
 
Standardized details were developed for each remedial alternative to be used. These alternatives were 
used as building blocks that could be estimated separately or combined with others to provide a complete 
remediation estimate for any given set of deficiencies. Typical remediation details for berms and seepage 
cutoff walls are shown on Figure 2. Lettered dimensions on Figure 2 are those typically used as input for 
the Estimating Tool. Figure 3 shows typical details for the rock slope protection remediation. Different 
remediation combinations could be used to provide alternative remediation sets for comparison and 
selection of the minimum cost. For example, a slurry wall and stability berm combination could be 
compared against a combination berm where underseepage, throughseepage, and stability deficiencies 
exist. Figure 4 shows typical details for the freeboard remediation. Note that the remediation assumes 
that landside levee widening would be used to provide acceptable freeboard configurations and to 
minimize environmental remediation costs associated with work on the waterside of the levee. Details for 
the secant wall and jet grouting alternatives are shown in Attachment 2. 

As mentioned above, the drained stability berm, combination berm, slurry and DSM cutoff wall, and 
freeboard/geometry remediations were developed to be used as building blocks. These building blocks 
can be put together, as needed, to address one or more deficiencies without duplicating earthwork or 
other major cost items. For example, if a slurry wall is needed along with a freeboard/geometry 
remediation for a particular alternative, the components would be assembled and estimated as follows: 
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 Levee degrade and reconstruction earthwork volumes and costs for the slurry wall would be for the 
existing levee height and crest width.  

 After reconstruction to existing conditions, the earthwork for the freeboard/geometry prism would be 
added over and landside of the existing levee prism. This avoids earthwork overlap for the two 
operations and avoids degrading the levee by 50 percent of the raised height. Taken together, the 
sum of the two earthwork volumes represents the total earthwork required.  

If a drained stability berm is needed along with a freeboard/geometry remediation for a particular 
alternative, the components would be estimated as follows: 

 The earthwork for the freeboard/geometry prism would be added over and landside of the existing 
levee prism. This provides the required geometry and provides a 2.5:1 landside slope.  

 The drained stability berm would then be added to the freeboard/geometry repair. 
Freeboard/geometry repair volumes do not overlap with the stability berm volumes, but taken 
together, the sum of the two volumes represents the total earthwork required.  

Another condition involves seepage and non-seepage related stability. For seepage related stability, a 
slurry cutoff wall and drained stability berm would be appropriate alternatives. However, for non-seepage 
related stability, both the wall and the stability berm would be required for a complete remediation. This 
difference is reflected in the database evaluation of the alternatives and, for non-seepage related stability, 
the cost of the wall and berm are added together to develop the remediation cost.  

3.5 ULE Levee Reaches Evaluated 

Of the ___ levee reaches in the 15 ULE study areas, __ meet applicable criteria and do not require 
remediation at this time. This leaves ___ reaches that are assigned to the categories Does Not Meet 
Criteria, Marginally Mets Criteria, or Lacks Data for one or more potential failure modes. For these 
reaches, remediations were selected and cost estimates were prepared to address all identified 
deficiencies.  

4.0 SELECTION OF REMEDIAL ALTERNATIVES AND DEVELOPMENT OF COST ESTIMATES 
FOR ULE LEVEE REACHES  

4.1 Selecting Remedial Alternatives 

Technical teams were established to review and select remedial alternatives for each reach where one or 
more deficiencies were identified. For continuity, teams were established and assigned reaches so that 
team members already would be familiar with the reaches from their previous work on the FCSSR 
evaluations. All reaches with deficiencies categorized as Does Not Meet Criteria, Marginally Mets Criteria, 
or Lacks Data are remediated. Reaches that met all applicable criteria but had a freeboard deficiency 
were remediated for the freeboard deficiency. 

Teams used a standardized Remediation Selection Form (Figure 5) to identify remediations to be 
estimated, including an alternative where possible, and to fill in the basic data required for the estimate 
(length, depth, width of the remediation, etc.). 

After remedial alternatives were selected by each team, the selections shown on the Remediation 
Selection Forms were reviewed and critiqued by an independent URS senior review committee familiar 
with the levee system. After the review process was completed for reaches, the Remediation Selection 
Forms were used by the estimating team to prepare the cost estimates. 
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4.2 Preparing Cost Estimates 

The Estimating Tool was used to prepare estimates for remediation combinations identified on the 
Remediation Selection Forms.  

4.3 Compiling Estimate Data for Presentation 

Because of the large volume of estimating data generated, URS used a Microsoft Access database to 
compile the results. The database was then used as a tool to analyze the data and tabulate the results in 
a series of summary tables discussed further in Section 5.0. The content and format of the summary 
tables is the same as was used for NULE program reporting, which was discussed and agreed to in 
NULE TAT meetings. The database compares costs and selected the minimum cost where alternative 
remediations were evaluated, then added the minimum alternative cost to other fixed remediation costs 
(erosion, secant wall, jet grouting) to provide the total remediation cost for each reach within the 15 study 
areas. Costs are summarized in the various tables described below in Section 5.0.  

5.0 OPINION OF PROBABLE COST 

5.1 Remediation Costs for Levee Reaches Included in the FCSSR 

Estimating results are presented on Tables 2 through 5. Table 2 presents an over-all summary. Costs 
based upon the type of remediation required are provided on Tables 3 through 5 as follows: 

 Table 3: Structural Remediations  
 Table 4: Waterside Erosion Remediations 
 Table 5: Freeboard Remediations 

For each type of remediation, costs are typically sorted and grouped first by study area, then by overall 
hazard categorization, then by reach name.  

Table 3 summarizes costs specifically for structural remediations to address throughseepage, under 
seepage, and stability deficiencies.  

Table 4 summarizes costs specifically for erosion remediations based upon the individual reach 
categorization for erosion provided in the FCSSR. Estimated costs are for rock slope protection 
remediation only.  

Table 5 summarizes costs to remediate freeboard deficiencies through crest raising and landside 
widening, if necessary.  

Detailed information for all estimates (reach by reach) from the database is provided in Attachment 3. 
Tables 2 through 5 described above were developed by sorting the information presented in 
Attachment 3.  
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6.0 ESTIMATE LIMITATIONS AND FUTURE UPDATES 

The estimates provided in this memorandum are order-of-magnitude estimates based on limited data and 
evaluation provided in the FCSSR. Simplifying assumptions were made by URS and agreed to by DWR 
to facilitate estimating. These assumptions are reasonable and appropriate considering the limited 
physical and geotechnical data and lack of specific remediation designs. The extent and depth of selected 
remediations used to address deficiencies identified in the FCSSR and estimate costs are based on 
engineering judgment without detailed analysis, which is beyond the scope of work authorized by the task 
order. Cost estimate results presented in this memorandum should only be used by DWR as a tool for 
levee remediation program planning and not for actual construction budget planning, particularly on an 
individual reach-by-reach basis.  
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Table 1 Unit Price Cost Data 
Table 2 Estimated Remediation Costs Grouped By Study Area and Assigned 

Category 
Table 3 Estimated Throughseepage, Under seepage and Stability Remediation 

Costs Grouped by Study Area and Assigned Category 
Table 4 Estimated Erosion Remediation Costs Grouped by Study Area and 

Assigned Category 
Table 5 Estimated Freeboard Costs Grouped by Study Area 

 



 

 

TABLE 1 – UNIT PRICE COST DATA 

Item Percent Unit Price 
(Dollars) 

Unit 

Escalation to October 2011 3 - LS 

Contingency 30 - LS 

Design and Engineering 15 - LS 

Owner Permitting and Legal 5 - LS 

Engineering During Construction 2 - LS 

Construction Management/Site Inspection 15 - LS 

Mobilization and Demobilization 5 - LS 

Permanent Right Of Way, Agricultural  10,000.00 Acre 

Permanent Right Of Way, Orchard  30,000.00 Acre 

Permanent Right Of Way, Commercial  150,000.00 Acre 

Permanent Right Of Way, Residential  1,000,000.00 Acre 

Temporary Easement  5,000.00 Acre 

Clearing and Grubbing  5,000.00 Acre 

Stripping  3,000.00  

Excavation  5.00 CY 

Select Levee Fill  16.00 CY 

Berm Fill  10.00  

Bedding Layer  60.00 Ton 

Aggregate Base  35.00 Ton 

Hydroseeding  2,000.00 Acre 

Soil-Bentonite Slurry Wall  10.00 SF 

Deep Soil Mixing (DM) Slurry Wall  22.50 SF 

Environmental Mitigation 35 - LS 

Drain Rock, Filter Layer, Geotextile  60.00 CY 

Unallocated Items 15 - LS 

Unsuitable Material Disposal  4.00 CY 

Stockpile And Reuse Suitable Material  4.00 CY 

Place Reusable Material  6.00 CY 

Rock slope protection, levee height 5’  523.00 LF 

Rock Slope Protection, levee height 10’  1,070.00 LF 

Rock Slope Protection, levee height 15’  1,642.00 LF 

Rock Slope Protection, levee height 20’  2,240.00 LF 



  

 

TABLE 1 – UNIT PRICE COST DATA 

Item Percent Unit Price 
(Dollars) 

Unit 

Pier Wall, Dry Method, Levee Height 10’  450.00 LF 

Pier Wall, Dry Method, Levee Height 15’  540.00 LF 

Pier Wall, Dry Method, Levee Height 20’  660.00 LF 

Pier Wall, Dry Method, Levee Height 25’  780.00 LF 

Pier Wall, Dry Method, Levee Height 30’  900.00 LF 

Pier Walls, Wet Method, Levee Height 10’  890.00 LF 

Pier Walls, Wet Method, Levee Height 15’  1,120.00 LF 

Pier Walls, Wet Method, Levee Height 20’  1,350.00 LF 

Pier Walls, Wet Method, Levee Height 25’  1,590.00 LF 

Pier Walls, Wet Method, Levee Height 30’  1,820.00 LF 

Jet Grouting  100.00 CY 
Note: 1. Pier wall cost (either wet or dry method) is interpolated from the costs provided above based upon the 

actual height of the levee.  
 2. Rock slope protection cost is interpolated from the costs provided above based upon the actual height 

of the levee. 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figures 
 

Figure 1 Proposed Land Acquisition Approach 
Figure 2 Typical Remediation Details 
Figure 3 Rock Slope Protection 
Figure 4 Freeboard and Geometry Repair 
Figure 5 Remediation Selection Form 

 
 











DWR Non Urban Levee Evaluations (NULE) Program
Selection of Remediation Alternatives for NULE RACER

Segment Identification and Location LAT Data Summary from Draft GAR, Dated June 2010
Segment ID: Deficiency Extent Comments Evaluated By:
Reach No.: (% of Total Length) Area Lead: 
Total Length: (feet)      Date:
Name: Prepared By:
Agency:      Date:
Unit:
Levee Mile:
NULE Stationing:
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ATTACHMENT 1 
 

LIST OF KEY ESTIMATING ASSUMPTIONS 
 



 

 

Assumptions and Discussion 
1 Remediation estimates will be prepared for levee reaches with composite classifications of “MG,” 

“DNM,” or “L.” Estimates also should include levee reaches with an “L” classification that could 
become an “M” classification based upon additional information obtained in the future. 

2 Because of the limited information available to evaluate levees for FCSSR, the cost estimate will 
be an order-of-magnitude cost estimate comparable to a Class 4 estimate as defined by the 
American Association for the Advancement of Cost Estimating, which can vary in accuracy from 
-30% on the low side to from +20% to +50-percent on the high side.  

3 Cost estimates for remediation alternatives will include: 
• Direct construction costs 
• Contingencies (30% of construction cost) 
• Design, Engineering costs (15% of construction cost)  
• CM (15% of construction cost) 
• Permitting/Legal (5% of construction cost) (See Items 16 and 17 also) 
• Environmental mitigation (25% or 35% of construction cost) (see Item 23 also) 
• Escalation (3% per year) 

4 The cost estimating tool is currently limited to eight remediation types: drained stability berm; 
seepage berm; combination seepage-stability berm; conventional slurry wall to maximum depth of 
70 feet below working surface; deep soil mixing (DSM) wall for wall more than 70 feet deep 
measured below the working surface; erosion repair; levee replacement in place; and 
freeboard/geometry.  

5 The only remediation being considered for waterside erosion is the placement of rock slope 
protection in deficient reaches. The length of slope repair on slope will be six times the landside 
levee height. The following costs per foot have been prepared for four levee heights: 
 

Levee Height Slope Length $ Per Foot 
 5 feet 30 feet $523 
 10 feet 60 feet $1,070 
 15 feet 90 feet $1,642 
 20 feet 120 feet $2,240 
 

The estimating tool will interpolate the cost per foot from the above values based on the actual 
levee height where remediation is required.  

6 For any remediation requiring additional land acquisition, existing right-of-way (ROW) can be 
estimated from existing readily available data (assessor’s maps, owner contact, fence lines on 
aerials, etc.). However, for this estimate, existing ROW width will be assumed to be zero. 

7 For any berm-type remediation requiring land acquisition, 20 feet of addition permanent ROW 
will be acquired along the landside toe of the remediation to satisfy planned Central Valley Flood 
Protection Board (CVFPB) easement requirements (see Figure 1). 

8 For any berm remediation requiring additional land acquisition, 5 feet of additional temporary 
easement will be obtained such that the 5-foot temporary easement plus the adjacent 20-foot 
permanent easement for CVFPB will provide a construction easement of 25 feet along the 
landside toe of the remediation (see Figure 1). 

9 For slurry wall or DSM remediations, the 20-foot CVFPB permanent easement (less any existing 
easement) and 5-foot temporary easement will also be obtained along the landside toe of the levee 
(see Figure 1). 



  

 

Assumptions and Discussion 
10 Costs for four land use categories are covered in the estimating tool: orchard, agricultural, 

industrial, and residential. Where remediations are required and land acquisition is needed, the 
percentage of each use category will be estimated from aerial photographs or other readily 
available information and a composite cost for temporary/permanent land acquisition based on the 
percentages will be used. The basic land costs currently being used in the cost estimating tool are: 
 

Agricultural  $10,000 per acre 
Orchard  $30,000 per acre 
Commercial $150,000 per acre 
Residential $300,000 per acre (subsequently changed to $1,000,000 per acre. 

11 The temporary/permanent property acquisition costs described above address the cost of procuring 
the land. In addition, a 5% allowance for legal costs for land acquisition will also be included. The 
percentage will be multiplied by the total direct construction cost to obtain the legal cost 
percentage. Legal costs could be more expensive than the land acquisition cost depending upon 
the amount of land acquired.  

12 Remediation of levee geometry deficiencies is based upon the levee configuration described in the 
1953 Memorandum of Understanding between the USACE (USA) and State of California. In 
summary these configurations are: 3:1 waterside slopes for all levees, 20-foot- or 12-foot-wide 
crest depending upon location, 2.5:1 landside slopes for bypass levees, and 2:1 landside slopes for 
other levees.  

13 Selection of remediation alternatives and extent of remediation required will be based upon 
information in the P1GER and GER wherever possible. Simplifying assumptions should be made 
where information is not available (see seepage berm and slurry wall items below as an example). 
Where specific lengths for required remediation alternatives cannot be readily determined, the 
percentage of total reach length requiring remediation as noted in the FCSSR will be used. 

14 The estimate assumes the use of hydroseeding to revegetate new slopes or restore other areas 
disturbed during construction. The cost for plantings, irrigation systems, fencing, etc., installed as 
part of the emergency levee repair program will not be reflected in the ULE estimating tool. 

15 For estimating purposes, all slurry walls and DSM walls are assumed to be 36 inches wide 
regardless of depth. 

16 Levee degrade for slurry wall and DSM wall construction is assumed to be 50% of the height of 
the levee measured on the landside, and the 50% degrade is assumed to provide suitable working 
width for equipment. For low height levees (generally 5 feet high or less) that require a cutoff 
wall, the levee section would be removed to existing grade measured on the landside.  

17 Imported or on-site material used to reconstruct levees within the levee prism or to construct 
drained stability berms is assumed to meet current USACE criteria for select levee fill. Material 
used to construct seepage berms (other than drain layers) can be any suitable material. 



  

 

Assumptions and Discussion 
18 There may be areas where the length of seepage berm or depth of slurry wall cannot be 

determined based upon available information. In this case, an approximation method is used to 
select wall depths and seepage berm widths that would provide comparable levels of protection. 
Selections of wall depth and berm width are based upon landside height of levee and are as 
follows: 
 
No Geotechnical Data Available: 

Select H = Levee height measured from landside toe 
Depth of wall measured from foundation level is 20 feet minimum or 3*H, whichever is 
larger. 
Round result to the nearest higher foot and add H/2 to extend to degrade level and get total 
wall depth for estimating. 

Geotechnical Data Available: 
Select H = Levee height measured from landside toe 
 If aquaclude >70 feet and H<= 23 feet then stop wall at 70 feet 

Assume 70 feet is measured from degrade level. 
(This assumes going to the maximum wall depth for conventional wall construction)  

 If aquaclude >70 feet and H>23 feet then go to aquaclude + 6 feet toe-in 
Add H/2 to extend to degrade level and get total DSM wall depth for estimating 

19 The cost estimate will not include any allowance for ongoing operation and maintenance costs of 
facilities after remediations are constructed. 

20 The cost to make animal burrow repairs will not be included in the cost estimate. 
21 For estimating purposes, all levee sections degraded to construct slurry walls will include a new 

crest road with 6 inches of aggregate base (AB). AB section will be placed above the levee crest 
elevation required for freeboard. Where paved public roads are known to exist on the crest of a 
levee, an allowance will be included for repaving. 

22 For estimating purposes, levee sections where landside berms are constructed or erosion 
protection is placed will have up to 4 inches of AB added to the crest to supplement existing 
surfacing to address possible deterioration of the existing crest road due to construction activities. 

23 A low environmental mitigation cost factor and a high environmental mitigation cost factor will 
be used. The low factor will be 25 percent and the high factor will be 35 percent. These factors 
will be multiplied by the direct construction cost for a remediation to estimate the environmental 
mitigation cost. All cost estimates will begin at 25 percent. A biologist will review available data 
for a levee region (such as state environmental databases, County General Plans, etc.) and 
determine those requiring the higher percentage based upon the possible presence of wetlands, 
wetland indicator species, or threatened or endangered species. Any main stem levee requiring 
waterside erosion remediation will also be assigned the higher environmental mitigation 
percentage. (Subsequently determined that 35 percent environmental cost mitigation factor 
would be used for levee segments within the ULE Program Area.) 
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Subject: Evaluation of Cost for Proposed Alternative Remediation of 

Landside Slope Stability Deficiencies Using Drilled Piers as 
Shear Walls 

Prepared By: Joseph Barnes, PE 
Reviewed By: Richard Millet, GE 
 

BACKGROUND 

Some levee segments in the urban levee evaluation (ULE) program have landside stability 
deficiencies. Because of the proximity of residential development adjacent to the levee, the use 
of a landside stability berm is not practical due community disruption and the potential high cost 
of acquiring permanent landside easements for berm construction and maintenance. For this 
reason, an alternative stability remediation method is being proposed for use in these areas. 
The remediation utilizes auger-drilled, cast-in-place soil-cement piers to improve slope stability. 
The method and associated costs are described herein. 

METHODS 

The methods and installation costs described below were developed from information provided 
by Haywood-Baker, and the mix-in-place construction methods have been used previously on 
USACE projects in Louisiana. 

Dry method: The dry method is intended for use in soils that have moisture contents generally 
greater than 40-percent (%) and 60%. A typical installation would be as shown in the Figure 1. 
The method involves auger drilling a series of soil-cement piers adjacent to each other in a line 
oriented perpendicular to the levee centerline to form a shear wall. The levee would be 
degraded approximately 50% of its height and the excavated material would be deposited in a 
bench on the landside to form the working platform for pier installation. The piers would be 0.8 
meters (32-inches) in diameter. Parallel lines (secant) of auger holes would be spaced 
approximately D/3 along the centerline of the levee where D is approximately equal to [20’ + 
½*H]. According to information provided by Haywood-Baker, budget pricing for the installed cost 
for each auger hole is approximately $10 per foot measured vertically. The installation method 
does not produce a significant quantity of waste material. Cement is added to produce a mix 
with strength between 100 psi and 200 psi. The tops of piers in the bench area would be cut to 
finished grade as the bench is removed to reconstruct the levee.  



 

 

Figure 1 

  

Wet method: The wet method is intended for use in all soil types. Typically, in very soft soil 
conditions, large diameter augers up to 8-foot diameter are used and they are placed side by 
side laterally and longitudinally along the levee. However, for the ULE FCSSR process, this 
severe installation condition is not expected. Thus, to support the cost analysis for pier 
installation in wet soils, it is assumed that the pier configuration would be the same at that 
proposed for pier installation in dry soils as shown on Figure 1. According to information 
provided by Haywood-Baker, budget pricing for the installed cost for each auger hole is 
approximately $70 per cubic yard of soil treated. 

ESTIMATED UNIT COSTS FOR PIER INSTALLATION  

Dry Method: Using the arrangements shown on Figure 1 and the unit cost of $10 per foot of 
depth drilled per pier, the estimated cost per lineal foot of levee to install the pier walls is shown 
in Table 1. 

Table 1 – Dry Method Piers 
Levee Height 

(Feet) 
D (Feet) Total Cost Per 

Shear Wall Line ($) 
Equivalent Cost Per Lineal Foot of 
Levee for D/3 Wall Line Spacing ($) 

10 25 3,750 450 

15 27.5 4,950 540 

20 30 6,600 660 

25 32.5 8,450 780 

30 35 10,500 900 
 

Elevation 

D/3 

D/3 

2:1 Slope 15’ 

20’ Crest 

20’ 

Degrade 

H/2 
H 

Foundation Level D Cut Pile Tops to Finished 
Grade in this Area as 
Bench is Removed 

Plan 



 

 

Wet Method: Using the arrangements shown on Figure 1, assuming an equivalent wall 
thickness of 36 inches from the augering, and the unit cost of $70 per cubic yard of mixed-in-
place pier, the estimated cost per lineal foot of levee to install the pier walls is shown in Table 2. 

Table 2 – Wet Method Piers 
Levee Height 

(Feet) 
D (Feet) Total Cost Per 

Shear Wall Line ($) 
Equivalent Cost Per Foot of Levee for 
D/3 Wall Line Spacing ($) 

10 25 7,390 890 

15 27.5 10,270 1,120 

20 30 13,530 1,350 

25 32.5 17,190 1,590 

30 35 21,230 1,820 
 
The costs provided in Table 1 and Table 2 are for pier wall installation only. These costs per foot 
would be added to the cost per foot for the earthwork and other civil costs to degrade and 
rebuild the levee to arrive at the total cost to remediate using the pier wall method.  
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TABLE 9-A
 OVERALL COST SUMMARY GROUPED BY FCSSR CATEGORY AND REMEDIATION

200-YEAR DESIGN WATER SURFACE

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)
Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Reach
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

Overall Summary
1 Pier Wall or Jet Grout

Total Cost ($)Length (Feet)

DNM $2,508,650,000 $23,699,000 $341,415,0001,037,580 713,190 11,700 415,460 $23,208,00013,410

L $44,199,000 $0 $2,774,00025,110 14,710 0 6,900 $1,056,000650

MG $69,372,000 $0 $0139,360 128,600 0 0 $2,757,0001,250

$2,622,221,000 $23,699,000 $344,189,0001,202,050 856,490 11,700 422,360Grand Total: $27,020,00015,310

 Page 1 of 6
Table 9-A and 9-B2. Estimates are 2011 order of magnitude estimates to remediate levee reach deficiencies specified in the FCSSR.

1. Structural Remediations include through seepage, underseepage, and stability remediations.
Notes:

3. Estimates include all direct, indirect, land acquisition, owner, and environmental mitigation costs; contingency; and escalation.

September 2, 2011



TABLE 9-B
 REMEDIATION COSTS GROUPED BY ULE STUDY AREA AND FCSSR CATEGORY

200-YEAR DESIGN WATER SURFACE

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

ULE Study Area: American River

1 Pier Wall or Jet Grout
Total Cost ($)Length (Feet)

DNM $0 $0 $27,710,00058,840 0 0 12,470 $16,153,0009,910

$0$0 $27,710,00012,4700Subtotal 58,840 0 $16,153,0009,910

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

ULE Study Area: Davis

1 Pier Wall or Jet Grout
Total Cost ($)Length (Feet)

DNM $148,635,000 $0 $46,344,00071,500 58,760 0 67,040 $00

$0$148,635,000 $46,344,00067,0400Subtotal 71,500 58,760 $00

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

ULE Study Area: Marysville

1 Pier Wall or Jet Grout
Total Cost ($)Length (Feet)

DNM $188,051,000 $0 $1,539,00039,220 39,220 0 4,610 $00

$0$188,051,000 $1,539,0004,6100Subtotal 39,220 39,220 $00

 Page 2 of 6
Table 9-A and 9-B2. Estimates are 2011 order of magnitude estimates to remediate levee reach deficiencies specified in the FCSSR.

1. Structural Remediations include through seepage, underseepage, and stability remediations.
Notes:

3. Estimates include all direct, indirect, land acquisition, owner, and environmental mitigation costs; contingency; and escalation.

September 2, 2011



TABLE 9-B
 REMEDIATION COSTS GROUPED BY ULE STUDY AREA AND FCSSR CATEGORY

200-YEAR DESIGN WATER SURFACE

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

ULE Study Area: Natomas NWS

1 Pier Wall or Jet Grout
Total Cost ($)Length (Feet)

DNM $118,367,000 $0 $038,690 37,690 0 0 $1,541,0001,000

L $2,660,000 $0 $01,350 1,050 0 0 $447,000300

$0$121,027,000 $000Subtotal 40,040 38,740 $1,987,0001,300

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

ULE Study Area: NEMDC East

1 Pier Wall or Jet Grout
Total Cost ($)Length (Feet)

DNM $139,838,000 $0 $045,840 35,650 0 0 $00

MG $3,157,000 $0 $08,560 2,100 0 0 $00

$0$142,994,000 $000Subtotal 54,400 37,750 $00

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

ULE Study Area: NEMDC West

1 Pier Wall or Jet Grout
Total Cost ($)Length (Feet)

DNM $125,506,000 $0 $17,665,00060,880 58,370 0 39,670 $00

MG $8,343,000 $0 $04,000 4,000 0 0 $00

$0$133,849,000 $17,665,00039,6700Subtotal 64,880 62,370 $00

 Page 3 of 6
Table 9-A and 9-B2. Estimates are 2011 order of magnitude estimates to remediate levee reach deficiencies specified in the FCSSR.

1. Structural Remediations include through seepage, underseepage, and stability remediations.
Notes:

3. Estimates include all direct, indirect, land acquisition, owner, and environmental mitigation costs; contingency; and escalation.

September 2, 2011



TABLE 9-B
 REMEDIATION COSTS GROUPED BY ULE STUDY AREA AND FCSSR CATEGORY

200-YEAR DESIGN WATER SURFACE

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

ULE Study Area: RD 17

1 Pier Wall or Jet Grout
Total Cost ($)Length (Feet)

DNM $166,191,000 $0 $9,199,00060,000 54,100 0 9,600 $00

MG $29,978,000 $0 $0116,900 115,100 0 0 $00

$0$196,168,000 $9,199,0009,6000Subtotal 176,900 169,200 $00

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

ULE Study Area: RD 404

1 Pier Wall or Jet Grout
Total Cost ($)Length (Feet)

DNM $30,149,000 $0 $7,227,00015,100 15,100 0 15,100 $00

$0$30,149,000 $7,227,00015,1000Subtotal 15,100 15,100 $00

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

ULE Study Area: RD 784

1 Pier Wall or Jet Grout
Total Cost ($)Length (Feet)

DNM $53,861,000 $0 $6,569,00020,110 20,110 0 11,110 $00

L $2,524,000 $0 $873,0001,980 1,980 0 1,700 $00

$0$56,385,000 $7,442,00012,8100Subtotal 22,090 22,090 $00

 Page 4 of 6
Table 9-A and 9-B2. Estimates are 2011 order of magnitude estimates to remediate levee reach deficiencies specified in the FCSSR.

1. Structural Remediations include through seepage, underseepage, and stability remediations.
Notes:

3. Estimates include all direct, indirect, land acquisition, owner, and environmental mitigation costs; contingency; and escalation.

September 2, 2011



TABLE 9-B
 REMEDIATION COSTS GROUPED BY ULE STUDY AREA AND FCSSR CATEGORY

200-YEAR DESIGN WATER SURFACE

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

ULE Study Area: Sacramento River

1 Pier Wall or Jet Grout
Total Cost ($)Length (Feet)

DNM $257,202,000 $0 $56,226,00062,800 26,100 0 42,800 $5,514,0002,500

MG $0 $0 $02,500 0 0 0 $2,757,0001,250

$0$257,202,000 $56,226,00042,8000Subtotal 65,300 26,100 $8,271,0003,750

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

ULE Study Area: SJAFCA Bear Creek

1 Pier Wall or Jet Grout
Total Cost ($)Length (Feet)

DNM $18,569,000 $0 $76,912,000142,170 12,360 0 84,750 $00

$0$18,569,000 $76,912,00084,7500Subtotal 142,170 12,360 $00

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

ULE Study Area: SJAFCA Calaveras River

1 Pier Wall or Jet Grout
Total Cost ($)Length (Feet)

DNM $53,131,000 $0 $19,304,00041,710 17,200 0 14,740 $00

L $3,909,000 $0 $01,000 1,000 0 0 $00

$0$57,041,000 $19,304,00014,7400Subtotal 42,710 18,200 $00
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Table 9-A and 9-B2. Estimates are 2011 order of magnitude estimates to remediate levee reach deficiencies specified in the FCSSR.

1. Structural Remediations include through seepage, underseepage, and stability remediations.
Notes:

3. Estimates include all direct, indirect, land acquisition, owner, and environmental mitigation costs; contingency; and escalation.

September 2, 2011



TABLE 9-B
 REMEDIATION COSTS GROUPED BY ULE STUDY AREA AND FCSSR CATEGORY

200-YEAR DESIGN WATER SURFACE

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

ULE Study Area: Sutter

1 Pier Wall or Jet Grout
Total Cost ($)Length (Feet)

DNM $722,784,000 $0 $31,729,000221,220 209,820 0 48,810 $00

L $29,226,000 $0 $015,590 5,480 0 0 $609,000350

$0$752,010,000 $31,729,00048,8100Subtotal 236,800 215,300 $609,000350

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

ULE Study Area: West Sacramento

1 Pier Wall or Jet Grout
Total Cost ($)Length (Feet)

DNM $400,479,000 $2,419,000 $7,033,00089,300 72,900 1,700 8,820 $00

$2,419,000$400,479,000 $7,033,0008,8201,700Subtotal 89,300 72,900 $00

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)
Overall Reach
Categorization

Total Segment
 Length (Feet)

Structural Remediations
Length (Feet) Length (Feet)

ULE Study Area: Woodland

1 Pier Wall or Jet Grout
Total Cost ($)Length (Feet)

DNM $85,887,000 $21,280,000 $33,958,00070,200 55,800 10,000 55,950 $00

L $5,879,000 $0 $1,901,0005,200 5,200 0 5,200 $00

MG $27,895,000 $0 $07,400 7,400 0 0 $00

$21,280,000$119,660,000 $35,859,00061,15010,000Subtotal 82,800 68,400 $00

 Page 6 of 6
Table 9-A and 9-B2. Estimates are 2011 order of magnitude estimates to remediate levee reach deficiencies specified in the FCSSR.

1. Structural Remediations include through seepage, underseepage, and stability remediations.
Notes:

3. Estimates include all direct, indirect, land acquisition, owner, and environmental mitigation costs; contingency; and escalation.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-AC  Total Reach Length (Feet): 474

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $276,360

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $276,360

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $276,360
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $276,360American River-AC

American River-B  Total Reach Length (Feet): 518

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $794,267

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $794,267

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $794,267
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $794,267American River-B

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BA  Total Reach Length (Feet): 6,049

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $11,518,184

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $177,807
Pier Wall Cost: $11,340,377

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $11,518,184

a

Remediated Length (%): 100

Length (%): 0
Length (%): 3.301

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 100
Length (%): 0

Total Remediation Cost Estimated for Reach $11,518,184American River-BA

American River-BD  Total Reach Length (Feet): 199

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $245,433

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $245,433

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $245,433
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $245,433American River-BD

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BF  Total Reach Length (Feet): 259

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $381,306

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $381,306

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $381,306
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $381,306American River-BF

American River-BH  Total Reach Length (Feet): 7,098

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,135,361

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,135,361
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,135,361

a

Remediated Length (%): 0

Length (%): 0
Length (%): 17.963

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $1,135,361American River-BH

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BI  Total Reach Length (Feet): 438

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $390,026

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $390,026
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $390,026

a

Remediated Length (%): 0

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $390,026American River-BI

American River-BJ  Total Reach Length (Feet): 1,692

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,073,008

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,073,008
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,073,008

a

Remediated Length (%): 0

Length (%): 0
Length (%): 71.217

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $1,073,008American River-BJ

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BK  Total Reach Length (Feet): 97

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $133,106

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $133,106

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $133,106
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $133,106American River-BK

American River-BL  Total Reach Length (Feet): 627

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $876,636

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $876,636
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $876,636

a

Remediated Length (%): 0

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $876,636American River-BL

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BM  Total Reach Length (Feet): 651

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $882,467

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $882,467

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $882,467
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $882,467American River-BM

American River-BN  Total Reach Length (Feet): 2,821

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,512,015

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $2,512,015
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,512,015

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $2,512,015American River-BN

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BO  Total Reach Length (Feet): 141

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $187,217

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $187,217

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $187,217
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $187,217American River-BO

American River-BP  Total Reach Length (Feet): 2,273

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $3,947,275

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $3,947,275
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,947,275

a

Remediated Length (%): 0

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $3,947,275American River-BP

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BQ  Total Reach Length (Feet): 92

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $81,923

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $81,923
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $81,923

a

Remediated Length (%): 0

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $81,923American River-BQ

American River-BR  Total Reach Length (Feet): 2,921

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $7,544,113

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $7,544,113
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $7,544,113

a

Remediated Length (%): 0

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $7,544,113American River-BR

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BS  Total Reach Length (Feet): 156

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $90,133

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $90,133

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn

Jet Grout Cost: $90,133
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $90,133American River-BS

American River-BT  Total Reach Length (Feet): 7,902

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $7,014,647

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $7,014,647
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $7,014,647

a

Remediated Length (%): 0

Length (%): 0
Length (%): 34.371

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $7,014,647American River-BT

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-BU  Total Reach Length (Feet): 171

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $234,650

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $234,650

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $234,650
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $234,650American River-BU

American River-C  Total Reach Length (Feet): 8,406

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,042,288

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $2,042,288
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,042,288

a

Remediated Length (%): 0

Length (%): 0
Length (%): 2.625

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $2,042,288American River-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-G  Total Reach Length (Feet): 7,619

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $189,774

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $189,774
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $189,774

a

Remediated Length (%): 0

Length (%): 0
Length (%): 2.625

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $189,774American River-G

American River-L  Total Reach Length (Feet): 243

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $380,700

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $380,700

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $380,700
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $380,700American River-L

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-N  Total Reach Length (Feet): 29

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $43,178

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $43,178

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $43,178
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $43,178American River-N

American River-R  Total Reach Length (Feet): 153

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $222,700

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $222,700

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $222,700
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $222,700American River-R

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-V  Total Reach Length (Feet): 364

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $448,933

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $448,933

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $448,933
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $448,933American River-V

American River-W  Total Reach Length (Feet): 218

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $268,867

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $268,867

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $268,867
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $268,867American River-W

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.

 Page 13 of 147
ATTACHMENT 6September 2, 2011



ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-X  Total Reach Length (Feet): 1,998

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $241,551

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $241,551
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $241,551

a

Remediated Length (%): 0

Length (%): 0
Length (%): 5.005

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $241,551American River-X

American River-Y  Total Reach Length (Feet): 189

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $223,650

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $223,650

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $223,650
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $223,650American River-Y

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: American River

American River-Z  Total Reach Length (Feet): 5,046

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $483,159

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $483,159
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $483,159

a

Remediated Length (%): 0

Length (%): 0
Length (%): 3.964

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $483,159American River-Z

Davis-C  Total Reach Length (Feet): 4,800

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $636,581

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $636,581
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $636,581

a

Remediated Length (%): 0

Length (%): 0
Length (%): 29.833

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $636,581Davis-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Davis-D  Total Reach Length (Feet): 6,850

Estimate Run: a

Combo Berm Cost: $1,050,213
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,050,213 Total Remediation Cost for Estimate $1,294,948

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $244,735
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $2,056,875

Category

Subtotal Other Required Remediation Costs: $244,735

a

Remediated Length (%): 9.635

Length (%): 0
Length (%): 9.635

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $2,998,286
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,998,286 Total Remediation Cost for Estimate $3,859,608

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $861,323
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $5,548,201

Category

Subtotal Other Required Remediation Costs: $861,323

b

Remediated Length (%): 25.547

Length (%): 0
Length (%): 25.547

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $5,704,983
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,704,983 Total Remediation Cost for Estimate $7,788,485

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $2,083,502
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $9,741,617

Category

Subtotal Other Required Remediation Costs: $2,083,502

c

Remediated Length (%): 43.796

Length (%): 0
Length (%): 43.796

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Estimate Run: d

Combo Berm Cost: $2,934,966
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,934,966 Total Remediation Cost for Estimate $3,605,336

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $670,370
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $4,655,276

Category

Subtotal Other Required Remediation Costs: $670,370

d

Remediated Length (%): 20.438

Length (%): 0
Length (%): 20.438

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $16,548,378Davis-D

Davis-E  Total Reach Length (Feet): 6,850

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,514,992

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $2,514,992
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,514,992

a

Remediated Length (%): 0

Length (%): 0
Length (%): 60.584

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,510,514

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,510,514
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,510,514

b

Remediated Length (%): 0

Length (%): 0
Length (%): 39.416

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Total Remediation Cost Estimated for Reach $4,025,506Davis-E

Davis-F  Total Reach Length (Feet): 9,500

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,923,581
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,923,581 Total Remediation Cost for Estimate $10,411,075

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $3,487,493
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,487,493

a

Remediated Length (%): 62.105

Length (%): 0
Length (%): 62.105

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,193,216
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,193,216 Total Remediation Cost for Estimate $3,818,952

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,625,736
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,625,736

b

Remediated Length (%): 21.579

Length (%): 0
Length (%): 21.579

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,484,559
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,484,559 Total Remediation Cost for Estimate $2,283,029

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $798,470
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $798,470

c

Remediated Length (%): 16.316

Length (%): 0
Length (%): 16.316

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Total Remediation Cost Estimated for Reach $16,513,056Davis-F

Davis-G  Total Reach Length (Feet): 5,650

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $5,872,375

Drained Stability Berm Cost: $0
Seepage Berm Cost: $4,751,170

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,751,170 Total Remediation Cost for Estimate $6,066,368

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,315,198
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,315,198

a

Remediated Length (%): 28.319

Length (%): 0
Length (%): 28.319

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $9,909,567

Drained Stability Berm Cost: $0
Seepage Berm Cost: $7,749,826

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,749,826 Total Remediation Cost for Estimate $9,624,977

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,875,151
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,875,151

b

Remediated Length (%): 47.788

Length (%): 0
Length (%): 47.788

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $5,050,766

Drained Stability Berm Cost: $0
Seepage Berm Cost: $4,506,614

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,506,614 Total Remediation Cost for Estimate $5,637,806

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,131,192
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,131,192

c

Remediated Length (%): 23.894

Length (%): 0
Length (%): 23.894

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Total Remediation Cost Estimated for Reach $21,329,151Davis-G

Davis-G1  Total Reach Length (Feet): 300

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $1,128,048

Drained Stability Berm Cost: $483,022
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $483,022 Total Remediation Cost for Estimate $755,226

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $272,204
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $272,204

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $755,226Davis-G1

Davis-G2  Total Reach Length (Feet): 850

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $3,196,137

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,196,137 Total Remediation Cost for Estimate $3,437,845

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $241,708
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $241,708

a

Remediated Length (%): 100

Length (%): 0
Length (%): 29.41

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $544,422

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $544,422
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $544,422

b

Remediated Length (%): 0

Length (%): 0
Length (%): 70.59

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $3,982,266Davis-G2

Davis-G3  Total Reach Length (Feet): 900

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $470,024

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $470,024 Total Remediation Cost for Estimate $560,541

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $90,517
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $90,517

a

Remediated Length (%): 13.889

Length (%): 0
Length (%): 13.889

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $2,914,121

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,914,121 Total Remediation Cost for Estimate $3,663,459

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $749,339
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $749,339

b

Remediated Length (%): 86.111

Length (%): 0
Length (%): 86.111

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Total Remediation Cost Estimated for Reach $4,224,000Davis-G3

Davis-H  Total Reach Length (Feet): 11,850

Estimate Run: a

Combo Berm Cost: $39,925,317
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $39,925,317 Total Remediation Cost for Estimate $50,326,219

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $10,400,902
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $59,999,737

Category

Subtotal Other Required Remediation Costs: $10,400,902

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $50,326,219Davis-H

Davis-I  Total Reach Length (Feet): 4,450

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $618,178
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $618,178 Total Remediation Cost for Estimate $970,740

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $352,562
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $352,562

a

Remediated Length (%): 10.112

Length (%): 0
Length (%): 10.112

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,304,498
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,304,498 Total Remediation Cost for Estimate $10,102,356

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $3,797,858
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,797,858

b

Remediated Length (%): 89.888

Length (%): 0
Length (%): 89.888

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $11,073,096Davis-I

Davis-J  Total Reach Length (Feet): 14,500

Estimate Run: a

Combo Berm Cost: $7,769,930
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,769,930 Total Remediation Cost for Estimate $9,630,502

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,860,572
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $12,139,456

Category

Subtotal Other Required Remediation Costs: $1,860,572

a

Remediated Length (%): 20.517

Length (%): 0
Length (%): 20.517

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $5,978,902
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,978,902 Total Remediation Cost for Estimate $7,147,838

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,168,936
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $9,633,640

Category

Subtotal Other Required Remediation Costs: $1,168,936

b

Remediated Length (%): 16.379

Length (%): 0
Length (%): 16.379

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Estimate Run: c

Combo Berm Cost: $18,679,453
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $18,679,453 Total Remediation Cost for Estimate $22,294,649

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $3,615,196
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $22,173,380

Category

Subtotal Other Required Remediation Costs: $3,615,196

c

Remediated Length (%): 34.828

Length (%): 0
Length (%): 34.828

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: d

Combo Berm Cost: $9,979,643
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $9,979,643 Total Remediation Cost for Estimate $12,656,607

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $2,676,964
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $12,906,649

Category

Subtotal Other Required Remediation Costs: $2,676,964

d

Remediated Length (%): 21.034

Length (%): 0
Length (%): 21.034

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $51,729,596Davis-J

Davis-K  Total Reach Length (Feet): 5,000

Estimate Run: a

Combo Berm Cost: $1,965,447
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,965,447 Total Remediation Cost for Estimate $2,347,028

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $381,581
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $3,801,925

Category

Subtotal Other Required Remediation Costs: $381,581

a

Remediated Length (%): 20

Length (%): 0
Length (%): 20

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Davis

Estimate Run: b

Combo Berm Cost: $10,053,349
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,053,349 Total Remediation Cost for Estimate $11,488,875

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,435,527
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $16,528,773

Category

Subtotal Other Required Remediation Costs: $1,435,527

b

Remediated Length (%): 80

Length (%): 0
Length (%): 80

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $13,835,903Davis-K

Marysville-A  Total Reach Length (Feet): 4,229

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $8,521,620

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $8,521,620 Total Remediation Cost for Estimate $8,521,620

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $8,521,620Marysville-A

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Marysville

Marysville-B  Total Reach Length (Feet): 4,017

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $25,861,077
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $25,861,077 Total Remediation Cost for Estimate $25,861,077

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 68.982

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $11,388,318
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $11,388,318 Total Remediation Cost for Estimate $11,388,318

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 31.018

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $37,249,395Marysville-B

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Marysville

Marysville-C1  Total Reach Length (Feet): 1,427

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $5,571,218

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,571,218 Total Remediation Cost for Estimate $6,048,093

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $476,876
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $476,876

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $6,048,093Marysville-C1

Marysville-C2  Total Reach Length (Feet): 2,318

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $7,514,126

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,514,126 Total Remediation Cost for Estimate $7,514,126

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $7,514,126Marysville-C2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Marysville

Marysville-C3  Total Reach Length (Feet): 3,179

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $10,832,358

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,832,358 Total Remediation Cost for Estimate $11,894,719

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,062,361
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,062,361

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $11,894,719Marysville-C3

Marysville-D  Total Reach Length (Feet): 5,492

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $4,899,341

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,899,341 Total Remediation Cost for Estimate $4,899,341

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 29.68

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Marysville

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $13,159,575

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,159,575 Total Remediation Cost for Estimate $13,159,575

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 70.32

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $18,058,916Marysville-D

Marysville-E  Total Reach Length (Feet): 3,270

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $11,114,964

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $11,114,964 Total Remediation Cost for Estimate $11,114,964

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 83.731

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $4,126,237
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,126,237 Total Remediation Cost for Estimate $4,126,237

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 16.269

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Marysville

Total Remediation Cost Estimated for Reach $15,241,202Marysville-E

Marysville-F  Total Reach Length (Feet): 2,974

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $19,196,311
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $19,196,311 Total Remediation Cost for Estimate $19,196,311

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 57.767

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $5,452,827
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,452,827 Total Remediation Cost for Estimate $5,452,827

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 18.494

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $6,973,515
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,973,515 Total Remediation Cost for Estimate $6,973,515

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 23.739

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Marysville

Total Remediation Cost Estimated for Reach $31,622,653Marysville-F

Marysville-G  Total Reach Length (Feet): 2,500

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $5,558,634

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,558,634 Total Remediation Cost for Estimate $5,558,634

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $5,558,634Marysville-G

Marysville-H  Total Reach Length (Feet): 7,254

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $5,827,814

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,827,814 Total Remediation Cost for Estimate $5,827,814

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 33

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Marysville

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $10,323,253

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,323,253 Total Remediation Cost for Estimate $10,323,253

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 67

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $16,151,067Marysville-H

Marysville-I  Total Reach Length (Feet): 2,557

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $31,730,014
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $31,730,014 Total Remediation Cost for Estimate $31,730,014

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $31,730,014Marysville-I

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-NCC Gap 1  Total Reach Length (Feet): 300

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $446,667

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $446,667

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $446,667
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $446,667Natomas NWS-NCC Gap 1

Natomas NWS-NCC Gap 2  Total Reach Length (Feet): 700

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,088,889

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,088,889

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $1,088,889
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $1,088,889Natomas NWS-NCC Gap 2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.

 Page 33 of 147
ATTACHMENT 6September 2, 2011



ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-NCC Gap 3  Total Reach Length (Feet): 300

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $451,667

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $451,667

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $451,667
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $451,667Natomas NWS-NCC Gap 3

Natomas NWS-SAFCA Reach 1 American River  Total Reach Length (Feet): 1,358

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $4,803,552

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,803,552 Total Remediation Cost for Estimate $4,803,552

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $4,803,552Natomas NWS-SAFCA Reach 1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.

 Page 34 of 147
ATTACHMENT 6September 2, 2011



ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-SAFCA Reach 13  Total Reach Length (Feet): 3,300

Estimate Run: a

Combo Berm Cost: $7,683,387
Slurry Wall Cost: $12,753,105

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,683,387 Total Remediation Cost for Estimate $7,683,387

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $7,683,387Natomas NWS-SAFCA Reach 1

Natomas NWS-SAFCA Reach 14  Total Reach Length (Feet): 3,200

Estimate Run: a

Combo Berm Cost: $7,523,974
Slurry Wall Cost: $12,366,647

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,523,974 Total Remediation Cost for Estimate $7,523,974

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $7,523,974Natomas NWS-SAFCA Reach 1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-SAFCA Reach 15  Total Reach Length (Feet): 4,800

Estimate Run: a

Combo Berm Cost: $10,878,502
Slurry Wall Cost: $18,549,971

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,878,502 Total Remediation Cost for Estimate $10,878,502

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $10,878,502Natomas NWS-SAFCA Reach 1

Natomas NWS-SAFCA Reach 16  Total Reach Length (Feet): 5,200

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $18,348,340

Drained Stability Berm Cost: $5,076,248
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,076,248 Total Remediation Cost for Estimate $5,076,248

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $5,076,248Natomas NWS-SAFCA Reach 1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-SAFCA Reach 17  Total Reach Length (Feet): 1,000

Estimate Run: a

Combo Berm Cost: $2,390,746
Slurry Wall Cost: $3,985,869

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,390,746 Total Remediation Cost for Estimate $2,390,746

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $2,390,746Natomas NWS-SAFCA Reach 1

Natomas NWS-SAFCA Reach 18a  Total Reach Length (Feet): 600

Estimate Run: a

Combo Berm Cost: $1,434,448
Slurry Wall Cost: $2,391,521

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,434,448 Total Remediation Cost for Estimate $1,434,448

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $1,434,448Natomas NWS-SAFCA Reach 1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-SAFCA Reach 18b  Total Reach Length (Feet): 900

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $4,680,114

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,680,114 Total Remediation Cost for Estimate $4,680,114

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $4,680,114Natomas NWS-SAFCA Reach 1

Natomas NWS-SAFCA Reach 19a  Total Reach Length (Feet): 1,800

Estimate Run: a

Combo Berm Cost: $4,303,344
Slurry Wall Cost: $7,174,564

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,303,344 Total Remediation Cost for Estimate $4,303,344

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $4,303,344Natomas NWS-SAFCA Reach 1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-SAFCA Reach 19b  Total Reach Length (Feet): 5,000

Estimate Run: a

Combo Berm Cost: $32,367,343
Slurry Wall Cost: $23,448,933

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $23,448,933 Total Remediation Cost for Estimate $23,448,933

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $23,448,933Natomas NWS-SAFCA Reach 1

Natomas NWS-SAFCA Reach 2 American River  Total Reach Length (Feet): 5,199

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $18,393,573

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $18,393,573 Total Remediation Cost for Estimate $18,393,573

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $18,393,573Natomas NWS-SAFCA Reach 2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-SAFCA Reach 20a  Total Reach Length (Feet): 50

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $269,685

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $269,685 Total Remediation Cost for Estimate $269,685

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $269,685Natomas NWS-SAFCA Reach 2

Natomas NWS-SAFCA Reach 3 American River  Total Reach Length (Feet): 499

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $2,413,142

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,413,142 Total Remediation Cost for Estimate $2,413,142

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $2,413,142Natomas NWS-SAFCA Reach 3

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Natomas NWS

Natomas NWS-SAFCA Reach 4 American River  Total Reach Length (Feet): 5,834

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $27,727,346

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $27,727,346 Total Remediation Cost for Estimate $27,727,346

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $27,727,346Natomas NWS-SAFCA Reach 4

NEMDC East-A  Total Reach Length (Feet): 7,167

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $22,040,034

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $22,040,034 Total Remediation Cost for Estimate $22,040,034

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 55.075

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC East

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $14,370,762

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $14,370,762 Total Remediation Cost for Estimate $14,370,762

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 43.447

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $36,410,796NEMDC East-A

NEMDC East-A1  Total Reach Length (Feet): 3,128

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $13,593,004
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,593,004 Total Remediation Cost for Estimate $13,593,004

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $13,593,004NEMDC East-A1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC East

NEMDC East-A3  Total Reach Length (Feet): 4,470

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $6,270,490

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,270,490 Total Remediation Cost for Estimate $6,270,490

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 50

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $6,270,490NEMDC East-A3

NEMDC East-A4  Total Reach Length (Feet): 8,557

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $3,156,508
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,156,508 Total Remediation Cost for Estimate $3,156,508

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 24.541

Length (%): 0
Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $3,156,508NEMDC East-A4

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC East

NEMDC East-B  Total Reach Length (Feet): 6,011

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $24,406,181

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $24,406,181 Total Remediation Cost for Estimate $24,406,181

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $24,406,181NEMDC East-B

NEMDC East-B1  Total Reach Length (Feet): 7,906

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $12,002,983
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $12,002,983 Total Remediation Cost for Estimate $12,002,983

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 50

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $12,002,983NEMDC East-B1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC East

NEMDC East-B2  Total Reach Length (Feet): 6,386

Estimate Run: a

Combo Berm Cost: $3,869,215
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,869,215 Total Remediation Cost for Estimate $3,869,215

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 19.464

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $6,181,324

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,181,324 Total Remediation Cost for Estimate $6,181,324

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30.536

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $10,050,538NEMDC East-B2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC East

NEMDC East-B3  Total Reach Length (Feet): 3,380

Estimate Run: a

Combo Berm Cost: $2,703,053
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,703,053 Total Remediation Cost for Estimate $2,703,053

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 59.172

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,336,909
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,336,909 Total Remediation Cost for Estimate $2,336,909

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $5,039,962NEMDC East-B3

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC East

NEMDC East-C  Total Reach Length (Feet): 7,397

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $25,009,473

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $25,009,473 Total Remediation Cost for Estimate $25,009,473

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 69.944

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $7,054,318

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,054,318 Total Remediation Cost for Estimate $7,054,318

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30.057

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $32,063,791NEMDC East-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

NEMDC West-A  Total Reach Length (Feet): 7,000

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $14,036,391

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $14,036,391 Total Remediation Cost for Estimate $14,036,391

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 44.7

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $16,615,593

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $16,615,593 Total Remediation Cost for Estimate $16,615,593

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 55.3

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $30,651,985NEMDC West-A

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

NEMDC West-B  Total Reach Length (Feet): 5,000

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $15,121,645

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $15,121,645 Total Remediation Cost for Estimate $15,121,645

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $15,121,645NEMDC West-B

NEMDC West-C  Total Reach Length (Feet): 2,000

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $6,971,028

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,971,028 Total Remediation Cost for Estimate $6,971,028

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $6,971,028NEMDC West-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

NEMDC West-D  Total Reach Length (Feet): 4,000

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $8,343,075
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $8,343,075 Total Remediation Cost for Estimate $8,343,075

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $8,343,075NEMDC West-D

NEMDC West-E  Total Reach Length (Feet): 4,700

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $14,171,390

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $14,171,390 Total Remediation Cost for Estimate $14,171,390

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 93.617

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $959,720

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $959,720 Total Remediation Cost for Estimate $959,720

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 6.383

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $15,131,111NEMDC West-E

NEMDC West-F  Total Reach Length (Feet): 10,300

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $463,567
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $463,567 Total Remediation Cost for Estimate $656,610

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $193,043
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $193,043

a

Remediated Length (%): 5.282

Length (%): 0
Length (%): 5.282

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,749,819
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,749,819 Total Remediation Cost for Estimate $3,603,529

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $853,710
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $853,710

b

Remediated Length (%): 23.359

Length (%): 0
Length (%): 23.359

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,930,419
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,930,419 Total Remediation Cost for Estimate $2,714,580

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $784,161
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $784,161

c

Remediated Length (%): 21.456

Length (%): 0
Length (%): 21.456

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: d

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,249,284
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,249,284 Total Remediation Cost for Estimate $1,883,381

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $634,097
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $634,097

d

Remediated Length (%): 17.35

Length (%): 0
Length (%): 17.35

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: e

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $751,161
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $751,161 Total Remediation Cost for Estimate $1,102,318

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $351,157
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $351,157

e

Remediated Length (%): 11.728

Length (%): 0
Length (%): 11.728

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Estimate Run: f

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,192,579
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,192,579 Total Remediation Cost for Estimate $1,598,876

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $406,297
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $406,297

f

Remediated Length (%): 11.117

Length (%): 0
Length (%): 11.117

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $11,559,294NEMDC West-F

NEMDC West-G  Total Reach Length (Feet): 2,500

Estimate Run: a

Combo Berm Cost: $4,927,374
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,927,374 Total Remediation Cost for Estimate $5,459,618

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $532,243
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $532,243

a

Remediated Length (%): 60

Length (%): 0
Length (%): 60

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $2,057,616
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,057,616 Total Remediation Cost for Estimate $2,348,313

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $290,697
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $290,697

b

Remediated Length (%): 40

Length (%): 0
Length (%): 40

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Total Remediation Cost Estimated for Reach $7,807,930NEMDC West-G

NEMDC West-H  Total Reach Length (Feet): 7,500

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $932,745
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $932,745 Total Remediation Cost for Estimate $1,368,791

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $436,046
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $436,046

a

Remediated Length (%): 20

Length (%): 0
Length (%): 20

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,048,614
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,048,614 Total Remediation Cost for Estimate $1,580,857

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $532,243
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $532,243

b

Remediated Length (%): 20

Length (%): 0
Length (%): 20

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,426,369
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,426,369 Total Remediation Cost for Estimate $1,958,612

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $532,243
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $532,243

c

Remediated Length (%): 20

Length (%): 0
Length (%): 20

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Estimate Run: d

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,114,825
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,114,825 Total Remediation Cost for Estimate $1,647,068

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $532,243
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $532,243

d

Remediated Length (%): 20

Length (%): 0
Length (%): 20

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $6,555,329NEMDC West-H

NEMDC West-I  Total Reach Length (Feet): 3,000

Estimate Run: a

Combo Berm Cost: $2,086,425
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,086,425 Total Remediation Cost for Estimate $2,441,250

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $354,825
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $354,825

a

Remediated Length (%): 33.333

Length (%): 0
Length (%): 33.333

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $3,540,302
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,540,302 Total Remediation Cost for Estimate $4,249,964

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $709,662
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $709,662

b

Remediated Length (%): 66.667

Length (%): 0
Length (%): 66.667

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Total Remediation Cost Estimated for Reach $6,691,214NEMDC West-I

NEMDC West-N  Total Reach Length (Feet): 3,375

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,985,388
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,985,388 Total Remediation Cost for Estimate $4,511,475

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,526,087
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,526,087

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $4,511,475NEMDC West-N

NEMDC West-O  Total Reach Length (Feet): 15,500

Estimate Run: a

Combo Berm Cost: $13,300,998
Slurry Wall Cost: $25,862,712

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,300,998 Total Remediation Cost for Estimate $17,654,272

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $4,353,274
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $4,353,274

a

Remediated Length (%): 48.387

Length (%): 0
Length (%): 48.387

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Estimate Run: b

Combo Berm Cost: $3,623,306
Slurry Wall Cost: $4,871,183

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,623,306 Total Remediation Cost for Estimate $4,493,925

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $870,619
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $870,619

b

Remediated Length (%): 9.677

Length (%): 0
Length (%): 9.677

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $2,846,669
Slurry Wall Cost: $5,276,487

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,846,669 Total Remediation Cost for Estimate $3,717,288

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $870,619
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $870,619

c

Remediated Length (%): 9.677

Length (%): 0
Length (%): 9.677

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: d

Combo Berm Cost: $3,295,804
Slurry Wall Cost: $6,764,351

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,295,804 Total Remediation Cost for Estimate $4,456,659

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,160,855
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,160,855

d

Remediated Length (%): 12.903

Length (%): 0
Length (%): 12.903

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: NEMDC West

Estimate Run: e

Combo Berm Cost: $6,106,801
Slurry Wall Cost: $10,778,709

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,106,801 Total Remediation Cost for Estimate $7,848,128

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,741,328
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,741,328

e

Remediated Length (%): 19.355

Length (%): 0
Length (%): 19.355

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $38,170,272NEMDC West-O

RD 17-A  Total Reach Length (Feet): 102,500

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $3,641,504

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,641,504 Total Remediation Cost for Estimate $3,641,504

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $3,641,504RD 17-A

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 17

RD 17-D  Total Reach Length (Feet): 5,900

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $10,405,933

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,405,933 Total Remediation Cost for Estimate $10,405,933

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 69.492

Length (%): 0
Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $10,405,933RD 17-D

RD 17-E  Total Reach Length (Feet): 5,600

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $1,662,926

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,662,926 Total Remediation Cost for Estimate $1,662,926

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 10.714

Length (%): 0
Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 17

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $8,068,417

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $8,068,417 Total Remediation Cost for Estimate $8,068,417

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 89.286

Length (%): 0
Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $9,731,343RD 17-E

RD 17-F  Total Reach Length (Feet): 6,100

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $9,843,437

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $9,843,437 Total Remediation Cost for Estimate $9,843,437

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $9,843,437RD 17-F

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 17

RD 17-G  Total Reach Length (Feet): 3,600

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $5,809,242

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,809,242 Total Remediation Cost for Estimate $5,809,242

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $5,809,242RD 17-G

RD 17-H  Total Reach Length (Feet): 2,900

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $3,211,098

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,211,098 Total Remediation Cost for Estimate $3,211,098

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 44.828

Length (%): 0
Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 17

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,987,695
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,987,695 Total Remediation Cost for Estimate $2,987,695

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 55.172

Length (%): 0
Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $6,198,793RD 17-H

RD 17-I  Total Reach Length (Feet): 17,800

Estimate Run: a

Combo Berm Cost: $27,684,315
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $27,684,315 Total Remediation Cost for Estimate $27,684,315

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 89.326

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $27,684,315RD 17-I

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 17

RD 17-J  Total Reach Length (Feet): 8,100

Estimate Run: a

Combo Berm Cost: $37,885,311
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $37,885,311 Total Remediation Cost for Estimate $37,885,311

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $37,885,311RD 17-J

RD 17-K  Total Reach Length (Feet): 14,800

Estimate Run: a

Combo Berm Cost: $56,598,932
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $56,598,932 Total Remediation Cost for Estimate $56,598,932

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $56,598,932RD 17-K

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 17

RD 17-L  Total Reach Length (Feet): 4,200

Estimate Run: a

Combo Berm Cost: $19,273,753
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $19,273,753 Total Remediation Cost for Estimate $21,172,883

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,899,130
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,899,130

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $21,172,883RD 17-L

RD 17-M  Total Reach Length (Feet): 4,000

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $6,666,758

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $6,666,758
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $6,666,758

a

Remediated Length (%): 0

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $6,666,758RD 17-M

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 17

RD 17-N  Total Reach Length (Feet): 1,400

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $9,095,546

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $9,095,546 Total Remediation Cost for Estimate $9,728,590

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $633,043
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $633,043

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $9,728,590RD 17-N

RD 404-B  Total Reach Length (Feet): 3,000

Estimate Run: a

Combo Berm Cost: $1,777,235
Slurry Wall Cost: $2,231,627

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,777,235 Total Remediation Cost for Estimate $2,140,431

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $363,197
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $363,197

a

Remediated Length (%): 33.333

Length (%): 0
Length (%): 33.333

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 404

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $4,861,498

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,861,498 Total Remediation Cost for Estimate $5,747,173

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $885,675
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $885,675

b

Remediated Length (%): 66.667

Length (%): 0
Length (%): 66.667

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $7,887,604RD 404-B

RD 404-C  Total Reach Length (Feet): 1,800

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $3,006,228

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,006,228 Total Remediation Cost for Estimate $3,649,749

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $643,521
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $643,521

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $3,649,749RD 404-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 404

RD 404-D1  Total Reach Length (Feet): 1,600

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $5,051,535

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,051,535 Total Remediation Cost for Estimate $6,533,670

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,482,135
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,482,135

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $6,533,670RD 404-D1

RD 404-D2  Total Reach Length (Feet): 3,000

Estimate Run: a

Combo Berm Cost: $5,391,939
Slurry Wall Cost: $7,307,543

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,391,939 Total Remediation Cost for Estimate $6,720,445

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,328,506
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,328,506

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $6,720,445RD 404-D2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 404

RD 404-E  Total Reach Length (Feet): 5,700

Estimate Run: a

Combo Berm Cost: $12,586,048
Slurry Wall Cost: $10,060,863

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,060,863 Total Remediation Cost for Estimate $12,585,024

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $2,524,161
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,524,161

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $12,585,024RD 404-E

RD 784-Dantoni Rd. to Griffith Rd.  Total Reach Length (Feet): 2,767

Estimate Run: a

Combo Berm Cost: $6,388,182
Slurry Wall Cost: $7,950,491

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,388,182 Total Remediation Cost for Estimate $6,388,182

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $6,388,182RD 784-Dantoni Rd. to Griffith 

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 784

RD 784-Linda Break Sub-Reach  Total Reach Length (Feet): 275

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $667,040

Minimum Alternative  Remediation  Cost: $667,040 Total Remediation Cost for Estimate $667,040

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $667,040RD 784-Linda Break Sub-Reac

RD 784-Patrol Rd. (Griffith Rd.) to LM 3.91  Total Reach Length (Feet): 11,107

Estimate Run: a

Combo Berm Cost: $27,255,625
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $94,862,912
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $27,255,625 Total Remediation Cost for Estimate $33,824,240

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $6,568,616
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $6,568,616

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $33,824,240RD 784-Patrol Rd. (Griffith Rd.)

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: RD 784

RD 784-Simpson Lane to Dantoni Rd.  Total Reach Length (Feet): 6,240

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $20,217,333

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $20,217,333 Total Remediation Cost for Estimate $20,217,333

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $20,217,333RD 784-Simpson Lane to Dant

RD 784-TRLIA-WPIC-H1  Total Reach Length (Feet): 1,700

Estimate Run: a

Combo Berm Cost: $1,856,903
Slurry Wall Cost: $3,664,017

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,856,903 Total Remediation Cost for Estimate $2,729,972

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $873,069
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $873,069

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $2,729,972RD 784-TRLIA-WPIC-H1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Sacramento River-A  Total Reach Length (Feet): 4,000

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,020,770

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,020,770
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,020,770

a

Remediated Length (%): 0

Length (%): 0
Length (%): 37.5

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $1,020,770Sacramento River-A

Sacramento River-B  Total Reach Length (Feet): 6,500

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,551,015

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $2,551,015
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,551,015

a

Remediated Length (%): 0

Length (%): 0
Length (%): 61.538

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,704,461

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,704,461
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,704,461

b

Remediated Length (%): 0

Length (%): 0
Length (%): 24.615

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $4,255,476Sacramento River-B

Sacramento River-C  Total Reach Length (Feet): 2,500

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,756,991

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $2,756,991

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,756,991

a

Remediated Length (%): 50

Length (%): 0
Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 50
Length (%): 0

Total Remediation Cost Estimated for Reach $2,756,991Sacramento River-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Sacramento River-F  Total Reach Length (Feet): 2,500

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $5,513,982

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $5,513,982

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $5,513,982

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 100
Length (%): 0

Total Remediation Cost Estimated for Reach $5,513,982Sacramento River-F

Sacramento River-G  Total Reach Length (Feet): 4,500

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $34,281,614
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $34,281,614 Total Remediation Cost for Estimate $34,281,614

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 71.111

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $34,281,614Sacramento River-G

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.

 Page 73 of 147
ATTACHMENT 6September 2, 2011



ATTACHMENT 6
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Sacramento River-H  Total Reach Length (Feet): 6,800

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $65,038,278
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $65,038,278 Total Remediation Cost for Estimate $68,526,588

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $3,488,310
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,488,310

a

Remediated Length (%): 100

Length (%): 0
Length (%): 50

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $68,526,588Sacramento River-H

Sacramento River-I  Total Reach Length (Feet): 4,100

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $5,232,162

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $5,232,162
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $5,232,162

a

Remediated Length (%): 0

Length (%): 0
Length (%): 51.22

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $5,232,162Sacramento River-I

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Sacramento River-J  Total Reach Length (Feet): 2,100

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $20,810,027
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $20,810,027 Total Remediation Cost for Estimate $22,858,735

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $2,048,708
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,048,708

a

Remediated Length (%): 100

Length (%): 0
Length (%): 90.476

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $22,858,735Sacramento River-J

Sacramento River-K  Total Reach Length (Feet): 5,300

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $12,464,535

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $12,464,535
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $12,464,535

a

Remediated Length (%): 0

Length (%): 0
Length (%): 92.453

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $12,464,535Sacramento River-K

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Sacramento River-L  Total Reach Length (Feet): 4,000

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $41,329,976
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $41,329,976 Total Remediation Cost for Estimate $45,309,909

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $3,979,933
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,979,933

a

Remediated Length (%): 100

Length (%): 0
Length (%): 95

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $45,309,909Sacramento River-L

Sacramento River-M  Total Reach Length (Feet): 7,000

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $64,587,158
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $64,587,158 Total Remediation Cost for Estimate $71,499,694

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $6,912,536
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $6,912,536

a

Remediated Length (%): 100

Length (%): 0
Length (%): 94.286

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $71,499,694Sacramento River-M

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Sacramento River-N  Total Reach Length (Feet): 3,000

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $31,155,354
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $31,155,354 Total Remediation Cost for Estimate $32,545,229

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,389,874
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,389,874

a

Remediated Length (%): 100

Length (%): 0
Length (%): 46.667

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $32,545,229Sacramento River-N

Sacramento River-O  Total Reach Length (Feet): 3,000

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $4,269,833

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $4,269,833
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $4,269,833

a

Remediated Length (%): 0

Length (%): 0
Length (%): 76.667

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $4,269,833Sacramento River-O

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sacramento River

Sacramento River-P  Total Reach Length (Feet): 8,200

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $9,494,571

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $9,494,571
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $9,494,571

a

Remediated Length (%): 0

Length (%): 0
Length (%): 91.463

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $9,494,571Sacramento River-P

Sacramento River-Q  Total Reach Length (Feet): 1,800

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,669,499

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,669,499
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,669,499

a

Remediated Length (%): 0

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $1,669,499Sacramento River-Q

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

SJAFCA Bear Creek-A  Total Reach Length (Feet): 4,162

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $743,859

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $743,859
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $743,859

a

Remediated Length (%): 0

Length (%): 0
Length (%): 7.206

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $743,859SJAFCA Bear Creek-A

SJAFCA Bear Creek-E  Total Reach Length (Feet): 4,300

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $118,833

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $118,833
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $118,833

a

Remediated Length (%): 0

Length (%): 0
Length (%): 4.651

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $118,833SJAFCA Bear Creek-E

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

SJAFCA Bear Creek-F  Total Reach Length (Feet): 12,698

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $48,705

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $48,705
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $48,705

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0.787

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $44,432

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $44,432
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $44,432

b

Remediated Length (%): 0

Length (%): 0
Length (%): 0.787

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $800,168

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $800,168
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $800,168

c

Remediated Length (%): 0

Length (%): 0
Length (%): 14.173

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $893,305SJAFCA Bear Creek-F

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

SJAFCA Bear Creek-H  Total Reach Length (Feet): 11,000

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $925,884

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $925,884
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $925,884

a

Remediated Length (%): 0

Length (%): 0
Length (%): 17.273

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $925,884SJAFCA Bear Creek-H

SJAFCA Bear Creek-I  Total Reach Length (Feet): 15,536

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $3,411,123

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $3,411,123
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,411,123

a

Remediated Length (%): 0

Length (%): 0
Length (%): 45.057

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $8,139,962

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $8,139,962
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $8,139,962

b

Remediated Length (%): 0

Length (%): 0
Length (%): 20.597

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $394,921

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $394,921
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $394,921

c

Remediated Length (%): 0

Length (%): 0
Length (%): 7.08

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: d

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,067,501

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,067,501
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,067,501

d

Remediated Length (%): 0

Length (%): 0
Length (%): 7.08

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

Estimate Run: e

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $3,408,543

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $3,408,543
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,408,543

e

Remediated Length (%): 0

Length (%): 0
Length (%): 20.185

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $16,422,050SJAFCA Bear Creek-I

SJAFCA Bear Creek-J  Total Reach Length (Feet): 4,923

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $11,359,066

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $11,359,066 Total Remediation Cost for Estimate $11,359,066

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $11,359,066SJAFCA Bear Creek-J

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

SJAFCA Bear Creek-M  Total Reach Length (Feet): 7,438

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $22,800,024

Drained Stability Berm Cost: $0
Seepage Berm Cost: $7,210,180

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,210,180 Total Remediation Cost for Estimate $7,210,180

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $7,210,180SJAFCA Bear Creek-M

SJAFCA Bear Creek-N  Total Reach Length (Feet): 14,402

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $103,347

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $103,347
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $103,347

a

Remediated Length (%): 0

Length (%): 0
Length (%): 1.389

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $44,426

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $44,426
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $44,426

b

Remediated Length (%): 0

Length (%): 0
Length (%): 0.694

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $985,706

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $985,706
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $985,706

c

Remediated Length (%): 0

Length (%): 0
Length (%): 12.5

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $1,133,480SJAFCA Bear Creek-N

SJAFCA Bear Creek-Q  Total Reach Length (Feet): 18,205

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $18,376,823

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $18,376,823
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $18,376,823

a

Remediated Length (%): 0

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

Total Remediation Cost Estimated for Reach $18,376,823SJAFCA Bear Creek-Q

SJAFCA Bear Creek-R  Total Reach Length (Feet): 20,467

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,874,607

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,874,607
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,874,607

a

Remediated Length (%): 0

Length (%): 0
Length (%): 9.772

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $16,835,609

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $16,835,609
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $16,835,609

b

Remediated Length (%): 0

Length (%): 0
Length (%): 77.197

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,005,987

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $2,005,987
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,005,987

c

Remediated Length (%): 0

Length (%): 0
Length (%): 10.099

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.

 Page 86 of 147
ATTACHMENT 6September 2, 2011



ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

Total Remediation Cost Estimated for Reach $20,716,204SJAFCA Bear Creek-R

SJAFCA Bear Creek-S  Total Reach Length (Feet): 16,468

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $4,639,596

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $4,639,596
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $4,639,596

a

Remediated Length (%): 0

Length (%): 0
Length (%): 39.47

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $3,255,038

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $3,255,038
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,255,038

b

Remediated Length (%): 0

Length (%): 0
Length (%): 27.326

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,589,275

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,589,275
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,589,275

c

Remediated Length (%): 0

Length (%): 0
Length (%): 14.987

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

Total Remediation Cost Estimated for Reach $9,483,908SJAFCA Bear Creek-S

SJAFCA Bear Creek-T  Total Reach Length (Feet): 7,340

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $5,528,705

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $5,528,705
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $5,528,705

a

Remediated Length (%): 0

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $5,528,705SJAFCA Bear Creek-T

SJAFCA Bear Creek-U  Total Reach Length (Feet): 5,230

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $505,668

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $505,668
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $505,668

a

Remediated Length (%): 0

Length (%): 0
Length (%): 15.296

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Bear Creek

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $126,417

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $126,417
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $126,417

b

Remediated Length (%): 0

Length (%): 0
Length (%): 3.824

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,936,845

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,936,845
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,936,845

c

Remediated Length (%): 0

Length (%): 0
Length (%): 54.111

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $2,568,931SJAFCA Bear Creek-U

SJAFCA Calaveras River-AB  Total Reach Length (Feet): 2,300

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $246,175

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $246,175
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $246,175

a

Remediated Length (%): 0

Length (%): 0
Length (%): 13.043

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Calaveras River

Total Remediation Cost Estimated for Reach $246,175SJAFCA Calaveras River-AB

SJAFCA Calaveras River-AC  Total Reach Length (Feet): 800

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $1,410,490

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,410,490 Total Remediation Cost for Estimate $1,410,490

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $1,410,490SJAFCA Calaveras River-AC

SJAFCA Calaveras River-AE  Total Reach Length (Feet): 150

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $544,056

Minimum Alternative  Remediation  Cost: $544,056 Total Remediation Cost for Estimate $544,056

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $544,056SJAFCA Calaveras River-AE

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Calaveras River

SJAFCA Calaveras River-D  Total Reach Length (Feet): 2,475

Estimate Run: a

Combo Berm Cost: $13,699,751
Slurry Wall Cost: $9,955,227

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $9,955,227 Total Remediation Cost for Estimate $12,219,513

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $2,264,286
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,264,286

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $12,219,513SJAFCA Calaveras River-D

SJAFCA Calaveras River-F  Total Reach Length (Feet): 2,550

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $140,376

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $140,376
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $140,376

a

Remediated Length (%): 0

Length (%): 0
Length (%): 7.843

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $140,376SJAFCA Calaveras River-F

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Calaveras River

SJAFCA Calaveras River-G  Total Reach Length (Feet): 3,000

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $159,855

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $159,855
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $159,855

a

Remediated Length (%): 0

Length (%): 0
Length (%): 6.667

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $159,855SJAFCA Calaveras River-G

SJAFCA Calaveras River-H  Total Reach Length (Feet): 10,650

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $8,695,898

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $8,695,898
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $8,695,898

a

Remediated Length (%): 0

Length (%): 0
Length (%): 33.803

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $8,695,898SJAFCA Calaveras River-H

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Calaveras River

SJAFCA Calaveras River-H-3  Total Reach Length (Feet): 1,000

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $3,909,407

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,909,407 Total Remediation Cost for Estimate $3,909,407

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $3,909,407SJAFCA Calaveras River-H-3

SJAFCA Calaveras River-J  Total Reach Length (Feet): 2,563

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,312,196

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $2,312,196
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $2,312,196

a

Remediated Length (%): 0

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $2,312,196SJAFCA Calaveras River-J

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Calaveras River

SJAFCA Calaveras River-L  Total Reach Length (Feet): 4,175

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $17,240,595

Minimum Alternative  Remediation  Cost: $17,240,595 Total Remediation Cost for Estimate $17,240,595

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $17,240,595SJAFCA Calaveras River-L

SJAFCA Calaveras River-N  Total Reach Length (Feet): 5,100

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $17,053,194

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $17,053,194 Total Remediation Cost for Estimate $21,816,319

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $4,763,125
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $4,763,125

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $21,816,319SJAFCA Calaveras River-N

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Calaveras River

SJAFCA Calaveras River-P  Total Reach Length (Feet): 3,450

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $481,186

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $481,186
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $481,186

a

Remediated Length (%): 0

Length (%): 0
Length (%): 5.797

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $240,635

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $240,635
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $240,635

b

Remediated Length (%): 0

Length (%): 0
Length (%): 2.899

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $721,821SJAFCA Calaveras River-P

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: SJAFCA Calaveras River

SJAFCA Calaveras River-Q  Total Reach Length (Feet): 1,150

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $2,002,675

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,002,675 Total Remediation Cost for Estimate $2,002,675

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $2,002,675SJAFCA Calaveras River-Q

SJAFCA Calaveras River-R  Total Reach Length (Feet): 3,350

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $4,925,143

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,925,143 Total Remediation Cost for Estimate $4,925,143

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $4,925,143SJAFCA Calaveras River-R

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-A  Total Reach Length (Feet): 6,222

Estimate Run: a

Combo Berm Cost: $13,353,422
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $43,114,649
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,353,422 Total Remediation Cost for Estimate $17,845,865

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $4,492,443
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $4,492,443

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $17,845,865Sutter-A

Sutter-AA  Total Reach Length (Feet): 3,069

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $10,392,284

DSM Wall Cost: $11,481,736
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,392,284 Total Remediation Cost for Estimate $10,392,284

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 52.525

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $4,227,019

Drained Stability Berm Cost: $0
Seepage Berm Cost: $9,392,132

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,227,019 Total Remediation Cost for Estimate $4,227,019

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 47.47

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $14,619,303Sutter-AA

Sutter-B1  Total Reach Length (Feet): 4,102

Estimate Run: a

Combo Berm Cost: $8,894,090
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $28,223,260
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $8,894,090 Total Remediation Cost for Estimate $10,303,623

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,409,533
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,409,533

a

Remediated Length (%): 100

Length (%): 0
Length (%): 59.995

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $10,303,623Sutter-B1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-B2  Total Reach Length (Feet): 2,500

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $1,459,747

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,459,747
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,459,747

a

Remediated Length (%): 0

Length (%): 0
Length (%): 90

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $1,459,747Sutter-B2

Sutter-BB  Total Reach Length (Feet): 5,023

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $7,522,786

Drained Stability Berm Cost: $0
Seepage Berm Cost: $16,716,527

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,522,786 Total Remediation Cost for Estimate $7,522,786

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 51.622

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $6,108,985

Drained Stability Berm Cost: $0
Seepage Berm Cost: $15,665,713

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,108,985 Total Remediation Cost for Estimate $6,108,985

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 48.377

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $13,631,771Sutter-BB

Sutter-C  Total Reach Length (Feet): 5,101

Estimate Run: a

Combo Berm Cost: $17,190,286
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $38,052,118
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $17,190,286 Total Remediation Cost for Estimate $21,004,002

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $3,813,716
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,813,716

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $21,004,002Sutter-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-CC  Total Reach Length (Feet): 8,356

Estimate Run: a

Combo Berm Cost: $6,690,345
Slurry Wall Cost: $2,544,830

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,544,830 Total Remediation Cost for Estimate $2,544,830

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 12.147

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $10,546,368
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $14,861,847
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,546,368 Total Remediation Cost for Estimate $10,546,368

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 19.148

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $41,937,079
Slurry Wall Cost: $12,376,216

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $12,376,216 Total Remediation Cost for Estimate $12,376,216

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 34.706

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: d

Combo Berm Cost: $18,726,578
Slurry Wall Cost: $7,673,054

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $7,673,054 Total Remediation Cost for Estimate $7,673,054

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 34

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $33,140,467Sutter-CC

Sutter-D  Total Reach Length (Feet): 14,960

Estimate Run: a

Combo Berm Cost: $50,702,578
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $110,963,976
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $50,702,578 Total Remediation Cost for Estimate $63,857,150

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $13,154,573
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $13,154,573

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $63,857,150Sutter-D

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-DD  Total Reach Length (Feet): 10,578

Estimate Run: a

Combo Berm Cost: $12,976,119
Slurry Wall Cost: $12,063,155

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $12,063,155 Total Remediation Cost for Estimate $12,063,155

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 57.828

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $2,121,398
Slurry Wall Cost: $2,359,314

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,121,398 Total Remediation Cost for Estimate $2,121,398

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 9.454

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $1,130,709
Slurry Wall Cost: $1,051,156

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,051,156 Total Remediation Cost for Estimate $1,051,156

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 5.039

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: d

Combo Berm Cost: $2,993,248
Slurry Wall Cost: $1,077,883

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,077,883 Total Remediation Cost for Estimate $1,077,883

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 4.415

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: e

Combo Berm Cost: $6,409,550
Slurry Wall Cost: $1,920,938

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,920,938 Total Remediation Cost for Estimate $1,920,938

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

e

Remediated Length (%): 9.454

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: f

Combo Berm Cost: $9,364,154
Slurry Wall Cost: $2,240,785

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,240,785 Total Remediation Cost for Estimate $2,240,785

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

f

Remediated Length (%): 13.812

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $20,475,315Sutter-DD

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-EE  Total Reach Length (Feet): 3,022

Estimate Run: a

Combo Berm Cost: $3,454,620
Slurry Wall Cost: $988,194

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $988,194 Total Remediation Cost for Estimate $988,194

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 17.836

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $15,914,186
Slurry Wall Cost: $6,474,858

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,474,858 Total Remediation Cost for Estimate $6,474,858

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 82.164

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $7,463,051Sutter-EE

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-FF  Total Reach Length (Feet): 3,080

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $3,379,928

Drained Stability Berm Cost: $1,385,461
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,385,461 Total Remediation Cost for Estimate $1,385,461

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 49.253

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $2,877,327

Drained Stability Berm Cost: $1,427,486
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,427,486 Total Remediation Cost for Estimate $1,427,486

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50.747

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $2,812,947Sutter-FF

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-GG  Total Reach Length (Feet): 5,645

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $7,064,530

Drained Stability Berm Cost: $3,580,115
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,580,115 Total Remediation Cost for Estimate $3,580,115

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 69.442

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $983,593

Drained Stability Berm Cost: $0
Seepage Berm Cost: $885,397

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $885,397 Total Remediation Cost for Estimate $885,397

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 9.159

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $2,064,222

Drained Stability Berm Cost: $0
Seepage Berm Cost: $2,068,634

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,064,222 Total Remediation Cost for Estimate $2,064,222

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 21.399

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $6,529,734Sutter-GG

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-HH  Total Reach Length (Feet): 7,274

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $1,353,382

Drained Stability Berm Cost: $0
Seepage Berm Cost: $1,356,275

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,353,382 Total Remediation Cost for Estimate $4,381,196

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $3,027,815
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,027,815

a

Remediated Length (%): 10.888

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $7,038,894

Drained Stability Berm Cost: $0
Seepage Berm Cost: $6,336,174

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,336,174 Total Remediation Cost for Estimate $6,336,174

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50.866

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $3,930,251

Drained Stability Berm Cost: $0
Seepage Berm Cost: $3,938,652

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,930,251 Total Remediation Cost for Estimate $3,930,251

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 31.619

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: d

Combo Berm Cost: $0
Slurry Wall Cost: $1,196,812

Drained Stability Berm Cost: $0
Seepage Berm Cost: $825,374

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $825,374 Total Remediation Cost for Estimate $825,374

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 6.626

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $15,472,996Sutter-HH

Sutter-II  Total Reach Length (Feet): 2,843

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $3,851,346

Drained Stability Berm Cost: $0
Seepage Berm Cost: $2,656,058

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,656,058 Total Remediation Cost for Estimate $3,839,462

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,183,403
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,183,403

a

Remediated Length (%): 54.555

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $2,096,858

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,096,858 Total Remediation Cost for Estimate $2,096,858

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 45.445

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Total Remediation Cost Estimated for Reach $5,936,320Sutter-II

Sutter-KK  Total Reach Length (Feet): 9,175

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $3,909,541

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $3,808,910

Minimum Alternative  Remediation  Cost: $3,808,910 Total Remediation Cost for Estimate $3,808,910

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 35.695

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $2,092,569

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,092,569 Total Remediation Cost for Estimate $2,092,569

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 15.804

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $5,901,480Sutter-KK

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-LL  Total Reach Length (Feet): 2,578

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $5,799,183

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,799,183 Total Remediation Cost for Estimate $5,799,183

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $5,799,183Sutter-LL

Sutter-M  Total Reach Length (Feet): 133

Estimate Run: a

Combo Berm Cost: $525,403
Slurry Wall Cost: $606,774

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $525,403 Total Remediation Cost for Estimate $525,403

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $525,403Sutter-M

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-MM  Total Reach Length (Feet): 8,941

Estimate Run: a

Combo Berm Cost: $1,877,558
Slurry Wall Cost: $289,463

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $289,463 Total Remediation Cost for Estimate $289,463

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 3.434

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $876,175
Slurry Wall Cost: $1,006,314

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $876,175 Total Remediation Cost for Estimate $876,175

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 3.915

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $3,027,014
Slurry Wall Cost: $2,985,166

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,985,166 Total Remediation Cost for Estimate $2,985,166

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 13.421

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: d

Combo Berm Cost: $35,461,285
Slurry Wall Cost: $18,596,244

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $18,596,244 Total Remediation Cost for Estimate $18,596,244

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 63.013

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: e

Combo Berm Cost: $3,657,632
Slurry Wall Cost: $4,785,922

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,657,632 Total Remediation Cost for Estimate $3,657,632

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

e

Remediated Length (%): 16.217

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $26,404,680Sutter-MM

Sutter-N  Total Reach Length (Feet): 8,101

Estimate Run: a

Combo Berm Cost: $32,273,913
Slurry Wall Cost: $37,247,112

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $32,273,913 Total Remediation Cost for Estimate $32,273,913

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Total Remediation Cost Estimated for Reach $32,273,913Sutter-N

Sutter-NN  Total Reach Length (Feet): 5,920

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $9,932,619
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $9,932,619 Total Remediation Cost for Estimate $9,932,619

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 26.14

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $3,205,576

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,205,576 Total Remediation Cost for Estimate $3,205,576

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 29.825

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $8,265,280

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $8,265,280 Total Remediation Cost for Estimate $8,265,280

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 44.035

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Total Remediation Cost Estimated for Reach $21,403,475Sutter-NN

Sutter-O  Total Reach Length (Feet): 4,799

Estimate Run: a

Combo Berm Cost: $32,212,273
Slurry Wall Cost: $21,064,381

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $21,064,381 Total Remediation Cost for Estimate $21,064,381

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $21,064,381Sutter-O

Sutter-OO  Total Reach Length (Feet): 10,052

Estimate Run: a

Combo Berm Cost: $6,408,867
Slurry Wall Cost: $8,475,370

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,408,867 Total Remediation Cost for Estimate $6,408,867

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 26.661

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: b

Combo Berm Cost: $14,689,654
Slurry Wall Cost: $23,314,022

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $14,689,654 Total Remediation Cost for Estimate $14,689,654

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 73.339

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $21,098,521Sutter-OO

Sutter-P  Total Reach Length (Feet): 7,600

Estimate Run: a

Combo Berm Cost: $27,868,254
Slurry Wall Cost: $17,612,765

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $17,612,765 Total Remediation Cost for Estimate $17,612,765

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 55.263

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $11,337,593
Slurry Wall Cost: $14,258,044

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $11,337,593 Total Remediation Cost for Estimate $11,337,593

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 44.737

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Total Remediation Cost Estimated for Reach $28,950,358Sutter-P

Sutter-PP  Total Reach Length (Feet): 11,977

Estimate Run: a

Combo Berm Cost: $4,928,098
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $17,752,924
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,928,098 Total Remediation Cost for Estimate $4,928,098

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 21.942

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $9,087,518
Slurry Wall Cost: $8,811,029

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $8,811,029 Total Remediation Cost for Estimate $8,811,029

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40.912

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $13,739,127Sutter-PP

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-Q  Total Reach Length (Feet): 3,801

Estimate Run: a

Combo Berm Cost: $15,142,963
Slurry Wall Cost: $17,476,395

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $15,142,963 Total Remediation Cost for Estimate $15,142,963

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $15,142,963Sutter-Q

Sutter-QQ  Total Reach Length (Feet): 5,685

Estimate Run: a

Combo Berm Cost: $4,472,238
Slurry Wall Cost: $2,349,416

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,349,416 Total Remediation Cost for Estimate $2,349,416

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 11.451

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: b

Combo Berm Cost: $6,878,124
Slurry Wall Cost: $11,984,719

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,878,124 Total Remediation Cost for Estimate $6,878,124

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 61.566

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $3,014,528
Slurry Wall Cost: $4,064,856

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,014,528 Total Remediation Cost for Estimate $3,014,528

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 26.983

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $12,242,068Sutter-QQ

Sutter-R  Total Reach Length (Feet): 5,199

Estimate Run: a

Combo Berm Cost: $15,235,281
Slurry Wall Cost: $17,034,719

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $15,235,281 Total Remediation Cost for Estimate $15,235,281

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 73.072

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: b

Combo Berm Cost: $4,352,188
Slurry Wall Cost: $1,931,580

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,931,580 Total Remediation Cost for Estimate $1,931,580

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 12.175

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $5,273,743
Slurry Wall Cost: $2,637,534

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,637,534 Total Remediation Cost for Estimate $2,637,534

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 14.753

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $19,804,395Sutter-R

Sutter-R1  Total Reach Length (Feet): 200

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $342,222

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $342,222

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $342,222
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Total Remediation Cost Estimated for Reach $342,222Sutter-R1

Sutter-RR  Total Reach Length (Feet): 6,166

Estimate Run: a

Combo Berm Cost: $14,736,604
Slurry Wall Cost: $5,693,467

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,693,467 Total Remediation Cost for Estimate $5,693,467

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 31.885

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $6,107,970
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $22,106,051
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,107,970 Total Remediation Cost for Estimate $6,107,970

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50.276

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $6,957,952

DSM Wall Cost: $7,844,139
Replace Levee Cost: $2,832,831

Minimum Alternative  Remediation  Cost: $2,832,831 Total Remediation Cost for Estimate $2,832,831

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 17.84

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Total Remediation Cost Estimated for Reach $14,634,268Sutter-RR

Sutter-S  Total Reach Length (Feet): 5,400

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $22,903,803

Drained Stability Berm Cost: $0
Seepage Berm Cost: $35,235,914

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $22,903,803 Total Remediation Cost for Estimate $22,903,803

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $22,903,803Sutter-S

Sutter-T2  Total Reach Length (Feet): 7,701

Estimate Run: a

Combo Berm Cost: $52,230,209
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $57,801,474
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $52,230,209 Total Remediation Cost for Estimate $55,418,095

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $3,187,886
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $3,187,886

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $55,418,095Sutter-T2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.

 Page 122 of 147
ATTACHMENT 6September 2, 2011



ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-U  Total Reach Length (Feet): 5,400

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $16,044,414

Drained Stability Berm Cost: $0
Seepage Berm Cost: $15,243,920

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $15,243,920 Total Remediation Cost for Estimate $15,243,920

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 88.26

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $2,028,032

DSM Wall Cost: $4,812,564
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,028,032 Total Remediation Cost for Estimate $2,028,032

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 11.742

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $17,271,952Sutter-U

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-U1  Total Reach Length (Feet): 150

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $266,667

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $266,667

a

Remediated Length (%): 0

Length (%): 0
Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $266,667
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 100

Total Remediation Cost Estimated for Reach $266,667Sutter-U1

Sutter-V  Total Reach Length (Feet): 5,400

Estimate Run: a

Combo Berm Cost: $6,033,157
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $10,692,391
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,033,157 Total Remediation Cost for Estimate $6,033,157

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 24.537

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: b

Combo Berm Cost: $18,554,841
Slurry Wall Cost: $14,556,615

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $14,556,615 Total Remediation Cost for Estimate $14,556,615

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 75.463

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $20,589,772Sutter-V

Sutter-W  Total Reach Length (Feet): 11,899

Estimate Run: a

Combo Berm Cost: $25,175,994
Slurry Wall Cost: $16,461,500

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $16,461,500 Total Remediation Cost for Estimate $16,461,500

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 31.095

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $26,537,011
Slurry Wall Cost: $13,425,646

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,425,646 Total Remediation Cost for Estimate $13,425,646

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 32.776

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: c

Combo Berm Cost: $35,839,824
Slurry Wall Cost: $18,491,951

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $18,491,951 Total Remediation Cost for Estimate $18,491,951

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 33.616

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: d

Combo Berm Cost: $0
Slurry Wall Cost: $1,442,736

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,442,736 Total Remediation Cost for Estimate $1,442,736

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 2.513

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $49,821,833Sutter-W

Sutter-Y  Total Reach Length (Feet): 8,199

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $13,803,386
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,803,386 Total Remediation Cost for Estimate $13,803,386

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 14.636

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $77,743,918
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $77,743,918 Total Remediation Cost for Estimate $77,743,918

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 85.364

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $91,547,304Sutter-Y

Sutter-Z1  Total Reach Length (Feet): 2,600

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $10,608,882

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,608,882 Total Remediation Cost for Estimate $10,608,882

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $10,608,882Sutter-Z1

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-Z2  Total Reach Length (Feet): 1,681

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $3,004,563

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,004,563 Total Remediation Cost for Estimate $3,004,563

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 35.693

Length (%): 0
Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $4,199,538

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,199,538 Total Remediation Cost for Estimate $4,199,538

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 64.307

Length (%): 0
Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $7,204,100Sutter-Z2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-Z3  Total Reach Length (Feet): 10,957

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $4,504,344
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $4,504,344 Total Remediation Cost for Estimate $4,504,344

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 4.563

Length (%): 0
Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $6,908,405
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,908,405 Total Remediation Cost for Estimate $6,908,405

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 6.389

Length (%): 0
Length (%): 0

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $11,412,749Sutter-Z3

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: Sutter

Sutter-Z4  Total Reach Length (Feet): 5,314

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $23,423,979

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $23,423,979 Total Remediation Cost for Estimate $23,423,979

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $23,423,979Sutter-Z4

West Sacramento-A  Total Reach Length (Feet): 2,900

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $629,261

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $629,261
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $629,261

a

Remediated Length (%): 0

Length (%): 0
Length (%): 27.586

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $629,261West Sacramento-A

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-AA  Total Reach Length (Feet): 2,400

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $5,836,219

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,836,219 Total Remediation Cost for Estimate $5,836,219

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $5,836,219West Sacramento-AA

West Sacramento-AD  Total Reach Length (Feet): 5,300

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $9,307,340
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $9,307,340 Total Remediation Cost for Estimate $9,307,340

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $9,307,340West Sacramento-AD

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-AE  Total Reach Length (Feet): 2,100

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $12,367,945

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $12,367,945 Total Remediation Cost for Estimate $12,367,945

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $12,367,945West Sacramento-AE

West Sacramento-B  Total Reach Length (Feet): 3,900

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $6,370,459

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,370,459 Total Remediation Cost for Estimate $6,370,459

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 43.59

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $6,370,459West Sacramento-B

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.

 Page 132 of 147
ATTACHMENT 6September 2, 2011



ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-C  Total Reach Length (Feet): 1,700

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $13,062,509
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,062,509 Total Remediation Cost for Estimate $13,062,509

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $13,062,509West Sacramento-C

West Sacramento-D  Total Reach Length (Feet): 900

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $2,404,576

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,404,576 Total Remediation Cost for Estimate $2,404,576

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $2,404,576West Sacramento-D

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-E  Total Reach Length (Feet): 1,600

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $3,465,933

Drained Stability Berm Cost: $1,904,759
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $1,904,759 Total Remediation Cost for Estimate $1,904,759

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $1,904,759West Sacramento-E

West Sacramento-F  Total Reach Length (Feet): 2,700

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $6,383,428

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $6,383,428 Total Remediation Cost for Estimate $6,383,428

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $6,383,428West Sacramento-F

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-G  Total Reach Length (Feet): 1,700

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $5,125,276

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,125,276 Total Remediation Cost for Estimate $5,539,061

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $413,785
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $413,785

a

Remediated Length (%): 100

Length (%): 0
Length (%): 23.53

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $5,539,061West Sacramento-G

West Sacramento-H  Total Reach Length (Feet): 1,100

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $3,660,008

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,660,008 Total Remediation Cost for Estimate $3,660,008

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $3,660,008West Sacramento-H

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-I  Total Reach Length (Feet): 3,000

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $32,481,169
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $32,481,169 Total Remediation Cost for Estimate $32,481,169

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $32,481,169West Sacramento-I

West Sacramento-J  Total Reach Length (Feet): 3,500

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $11,645,482

Drained Stability Berm Cost: $12,521,082
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $11,645,482 Total Remediation Cost for Estimate $11,645,482

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category MG

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $11,645,482West Sacramento-J

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-K1  Total Reach Length (Feet): 1,500

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $13,419,184
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $13,419,184 Total Remediation Cost for Estimate $13,419,184

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $13,419,184West Sacramento-K1

West Sacramento-K2  Total Reach Length (Feet): 3,100

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $705,708

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $705,708
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $705,708

a

Remediated Length (%): 0

Length (%): 0
Length (%): 9.677

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $705,708West Sacramento-K2

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-L  Total Reach Length (Feet): 3,400

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $31,898,262
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $31,898,262 Total Remediation Cost for Estimate $34,415,046

Erosion Repair Cost: $2,419,213
Freeboard/Geometry Cost: $97,571
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category DNM

Subtotal Other Required Remediation Costs: $2,516,784

a

Remediated Length (%): 100

Length (%): 50
Length (%): 5.882

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+E+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $34,415,046West Sacramento-L

West Sacramento-M  Total Reach Length (Feet): 8,200

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,506,493

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $2,506,493
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $2,506,493

a

Remediated Length (%): 0

Length (%): 0
Length (%): 37.805

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $2,506,493West Sacramento-M

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-O  Total Reach Length (Feet): 7,900

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $18,964,966
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $18,964,966 Total Remediation Cost for Estimate $21,024,668

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $2,059,702
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category DNM

Subtotal Other Required Remediation Costs: $2,059,702

a

Remediated Length (%): 24.051

Length (%): 0
Length (%): 28.076

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: b

Combo Berm Cost: $15,729,769
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $51,345,204
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $15,729,769 Total Remediation Cost for Estimate $15,729,769

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category DNM

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 75.949

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Sn

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $36,754,437West Sacramento-O

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-P  Total Reach Length (Feet): 2,500

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $10,501,597

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $10,501,597 Total Remediation Cost for Estimate $10,501,597

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $10,501,597West Sacramento-P

West Sacramento-Q  Total Reach Length (Feet): 2,800

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $8,035,703

DSM Wall Cost: $29,783,226
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $8,035,703 Total Remediation Cost for Estimate $8,656,519

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $620,816
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category DNM

Subtotal Other Required Remediation Costs: $620,816

a

Remediated Length (%): 100

Length (%): 0
Length (%): 64.29

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $8,656,519West Sacramento-Q

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-R  Total Reach Length (Feet): 3,200

Estimate Run: a

Combo Berm Cost: $11,040,024
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $25,499,138
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $11,040,024 Total Remediation Cost for Estimate $11,040,024

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Sn

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $11,040,024West Sacramento-R

West Sacramento-S  Total Reach Length (Feet): 8,900

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $98,937,396

DSM Wall Cost: $103,529,131
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $98,937,396 Total Remediation Cost for Estimate $98,937,396

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $98,937,396West Sacramento-S

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

West Sacramento-X  Total Reach Length (Feet): 5,600

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $18,206,377

Drained Stability Berm Cost: $0
Seepage Berm Cost: $17,710,138

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $17,710,138 Total Remediation Cost for Estimate $17,710,138

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $17,710,138West Sacramento-X

West Sacramento-Y  Total Reach Length (Feet): 9,400

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $2,926,550

DSM Wall Cost: $13,608,928
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $2,926,550 Total Remediation Cost for Estimate $2,926,550

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 13.83

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.

 Page 142 of 147
ATTACHMENT 6September 2, 2011



ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: West Sacramento

Estimate Run: b

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $56,826,244

DSM Wall Cost: $68,741,963
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $56,826,244 Total Remediation Cost for Estimate $56,826,244

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 67.553

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Estimate Run: c

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $3,939,521

DSM Wall Cost: $18,319,408
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $3,939,521 Total Remediation Cost for Estimate $3,939,521

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 18.617

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $63,692,315West Sacramento-Y

Woodland-A  Total Reach Length (Feet): 10,000

Estimate Run: a

Combo Berm Cost: $26,791,773
Slurry Wall Cost: $37,569,444

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $26,791,773 Total Remediation Cost for Estimate $55,360,856

Erosion Repair Cost: $21,280,000
Freeboard/Geometry Cost: $7,289,083
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category DNM

Subtotal Other Required Remediation Costs: $28,569,083

a

Remediated Length (%): 100

Length (%): 100
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss+E+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Woodland

Total Remediation Cost Estimated for Reach $55,360,856Woodland-A

Woodland-B  Total Reach Length (Feet): 8,700

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $3,860,230

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $3,860,230
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $3,860,230

a

Remediated Length (%): 0

Length (%): 0
Length (%): 68.391

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $3,860,230Woodland-B

Woodland-C  Total Reach Length (Feet): 5,700

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $0 Total Remediation Cost for Estimate $2,533,906

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $2,533,906
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $2,533,906

a

Remediated Length (%): 0

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $2,533,906Woodland-C

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Woodland

Woodland-E  Total Reach Length (Feet): 7,400

Estimate Run: a

Combo Berm Cost: $27,894,550
Slurry Wall Cost: $0

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $54,020,768
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $27,894,550 Total Remediation Cost for Estimate $27,894,550

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: MG Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $27,894,550Woodland-E

Woodland-F  Total Reach Length (Feet): 4,700

Estimate Run: a

Combo Berm Cost: $14,764,413
Slurry Wall Cost: $15,947,842

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $14,764,413 Total Remediation Cost for Estimate $14,764,413

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $14,764,413Woodland-F

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Woodland

Woodland-G  Total Reach Length (Feet): 6,800

Estimate Run: a

Combo Berm Cost: $16,970,333
Slurry Wall Cost: $25,547,222

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $16,970,333 Total Remediation Cost for Estimate $16,970,333

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $0
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category M

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0
Length (%): 0

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $16,970,333Woodland-G

Woodland-H  Total Reach Length (Feet): 5,200

Estimate Run: a

Combo Berm Cost: $0
Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,879,188
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $5,879,188 Total Remediation Cost for Estimate $7,779,759

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $1,900,571
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $1,900,571

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: L Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
Sn+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $7,779,759Woodland-H

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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ATTACHMENT 6
ALTERNATIVE REMEDIATION COSTS GROUPED BY ULE STUDY AREA

200-YEAR DESIGN WATER SURFACE

ULE Study Area: Woodland

Woodland-I  Total Reach Length (Feet): 34,300

Estimate Run: a

Combo Berm Cost: $27,360,226
Slurry Wall Cost: $37,203,980

Drained Stability Berm Cost: $0
Seepage Berm Cost: $0

DSM Wall Cost: $0
Replace Levee Cost: $0

Minimum Alternative  Remediation  Cost: $27,360,226 Total Remediation Cost for Estimate $47,635,062

Erosion Repair Cost: $0
Freeboard/Geometry Cost: $20,274,836
Pier Wall Cost: $0

Drained Stability Berm and Cutoff Wall: $0

Category

Subtotal Other Required Remediation Costs: $20,274,836

a

Remediated Length (%): 100

Length (%): 0
Length (%): 100

Overall Reach Categorization: DNM Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:
T+U+Ss+FG

Jet Grout Cost: $0
Miscellaneous Hazardous Conditions Cost: $0

Length (%): 0
Length (%): 0

Total Remediation Cost Estimated for Reach $47,635,062Woodland-I

Note: Estimates are 2011 order of magnitude estimates based upon deficiencies and remediation extents specified in the FCSSR.
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NORTH NON-URBAN LEVEE EVALUATIONS (NULE) PROJECT 

REMEDIATION ALTERNATIVES AND COST ESTIMATE REPORT (RACER) 
 

 
Date: December 22, 2010 

To: Mike Inamine, Principal Engineer, Levees Portfolio Manager, DWR 
Hamid Bonakdar, Chief, Non-Urban Levee Evaluations Branch, DWR 

From: Richard Millet, URS Corporation 
Sujan Punyamurthula, URS Corporation 
Joseph Barnes, URS Corporation 

Reviewed By: Jay Kamine, URS Corporation 

Contract: 4600008101, Task Order U107 

Subject: Preliminary Estimate of Levee Remediation Costs for North NULE Levees 

 
1.0 BACKGROUND AND SCOPE 

The Department of Water Resources (DWR) is undertaking a program to determine the approximate cost 
to repair non-urban project and related non-urban non-project levees in the Sacramento (North NULE 
Study Area) and San Joaquin (South NULE Study Area) river systems. Under separate agreements with 
DWR, URS is responsible for preparing cost estimates for the North NULE Study Area and Kleinfelder is 
responsible for preparing estimates for the South NULE Study Area. This memorandum estimates costs 
for repair in the North NULE Study Area.  

On May 20, 2010, URS received authorization to begin work on Task Order U107, which included 
providing geotechnical, civil engineering, and cost estimating support services for DWR. These services 
also entailed preparing a Remediation Alternatives and Cost Estimate Report (RACER) for the North 
NULE Study Area. Task Order U107 is comprised of five tasks; this memorandum documents and 
transmits work completed under the first two tasks: 

� Task U107-1 (1a and 1b): Identification of Remediation Alternatives and Development of Unit Costs 
for Project and Non-Project Levees 

� Task U107-2 (2a and 2b): Selection of Remediation Alternatives and Development of Cost Estimates 
for Project and Non-Project Levee Sections 

As part of Task U107-1, URS updated the Draft Parametric Cost Estimating Tool (Estimating Tool) 
originally developed in 2008. This update created a consistent methodology for generating levee repair 
alternative cost estimates.  

Under Task U107-2, URS selected levee remediation alternatives for levee segments in the North NULE 
Study Area. These remediation alternatives addressed deficiencies identified in the June 2010 Draft 
Phase 1 Geotechnical Assessment Report (GAR), and determined likely conceptual, planning-level 
remediation costs using the Estimating Tool. The Draft GAR identified under seepage, throughseepage, 
stability, erosion, and freeboard/geometry deficiencies that could exist along levee segments for the 
design-basis water level. As discussed in the Draft GAR, deficiencies were identified based on limited, 
existing surface and subsurface levee data and past performance history. The work performed under both 
Tasks U107-1 and U107-2, including cost estimating results, are summarized in this memorandum. 
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This memorandum serves as an interim report. The Final RACER will be completed in April 2011, 
approximately one month after the Final GAR is complete as identified on the NULE Project’s current 
deliverables schedule. 

Cost estimates presented in this memorandum provide a base case for future flood mitigation planning by 
DWR for the North NULE Study Area. These estimates reflect an estimated cost to remediate levees 
where remediated levees would conform to applicable design-basis hydraulic, geometric, and freeboard 
requirements stipulated in one or more of the following agreements between the federal government and 
the State of California: 

� 1953 Memorandum of Understanding Respecting the Sacramento River Flood Control Project 
between the USA (United States Army Corps of Engineers) and the State of California, dated 
November 6,1953 (MOU1953) 

� Supplement 1 to MOU1953, dated November 25, 1957 

� Supplement 2 to MOU1953, dated June 5, 1958 

Approximately 85 percent of the levee segments covered by this memorandum are evaluated for a 
design water surface elevation specified in one of the agreements listed above. Approximately 15 percent 
of the levee segments have no formal design water surface elevation specified in the agreements. Of the 
15 percent, 13 percent are evaluated assuming the design water level is located 3 feet below the existing 
crest elevation and 2 percent are evaluated assuming the design water level is located 1.5 feet below the 
existing crest. Levees in the 2 percent category are typically low levees located in the Delta. 

2.0 TECHNICAL APPROACH TEAM MEETINGS 

A series of 13 Technical Approach Team (TAT) meetings were conducted between June and October 
2010 to address and resolve administrative and technical questions identified during the execution of the 
remediation selection and cost estimating work. The TAT was composed of DWR representatives, senior 
URS Corporation (URS) geotechnical engineering staff who were already familiar with the North NULE 
Study Area from their involvement preparing the Draft GAR, and a representative of Kleinfelder, Inc. 
(Kleinfelder). As noted, Kleinfelder is responsible for estimating the remediation costs for the South NULE 
Study Area levees. Kleinfelder participated in the TAT meetings to ensure North NULE Study Area and 
South NULE Study Area work was being performed consistently, that both study area teams received the 
same direction from DWR, and that both interim and final cost estimating work products would be similar 
in format and content. Each TAT meeting was documented with an agenda, meeting notes, and a list of 
action items assigned during the meeting. 

3.0 TASK U107-1, IDENTIFICATION OF REMEDIATION ALTERNATIVES AND DEVELOPMENT 
OF UNIT COSTS FOR PROJECT AND NON-PROJECT LEVEES 

3.1 Key Estimating Assumptions 

Based upon issues, questions discussed, and recommendations made during the first few TAT meetings, 
URS developed a draft list of key estimating assumptions applicable to the work (see Attachment 1 for 
complete list). Some key assumptions are described below. 

3.1.1 Environmental Mitigation 

The original Estimating Tool proposed a rigorous consideration of potential biological impacts and site 
conditions along a levee segment or reach to estimate an environmental impact cost expressed as a 
percentage of the direct construction cost. Due to lack of site-specific environmental information, and lack 
of time to develop specific data, the current Estimating Tool was modified to include only two mitigation 
percentages: 25 and 35 percent. The higher percentage was applied where wetland conditions were 
anticipated or wetland indicator species were suspected. It was also used for main river system levees 
where rock slope protection was required on the waterside and rock placement work would be required 
near or in the water. The lower percentage was used for all other segments. Using readily available 
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information, such as County General Plans, a URS biologist researched each segment and determined 
whether the higher or lower percentage should be applied. This method and its application were agreed 
upon in a meeting with a DWR biologist and by TAT meeting participants. 

3.1.2 Land Acquisition 

The estimate includes allowances for temporary and permanent easement acquisitions required for each 
remediation based upon the estimated footprint for the remediation. Figure 1 shows basic land acquisition 
requirements for various seepage/stability berm and seepage cutoff wall remediations. Allowances 
include land required for remediation, for a 20-foot-wide permanent Central Valley Flood Protection Board 
(CVFPB) easement along the landside toe, and a 5-foot-wide additional temporary easement that 
provides a 25-foot construction corridor when combined with the CVFPB easement. Because of the lack 
of available easement data for many rural levee segments in the NULE Project, it was assumed 
that no easements currently exist for the estimates provided in this memorandum. 

The TAT identified four categories of land use: 

� Agricultural 

� Orchard 

� Commercial 

� Residential 

Attachment 1 identifies the input cost parameters for each of these land uses. When assigning 
remediations to a levee segment, an estimate of the percentage of each land category potentially 
impacted by the remediation was determined. These percentages are an input parameter to the 
Estimating Tool. The tool calculates a composite real estate rate per acre based on the input 
percentages, and uses this rate to estimate real estate costs for the remediation alternative’s required 
area. 

3.1.3 Rock Slope Protection for Erosion Remediation 

As agreed upon by TAT participants, only rock slope protection was considered as a remediation to 
address a waterside erosion deficiency. Rock slope protection costs were estimated for two scenarios. In 
the first scenario, rock slope protection costs were estimated assuming the full lengths of deficient levee 
specified in the Draft GAR were remediated. Because this cost is significant, the second scenario 
considered limiting rock slope protection to approximately 20 percent of the length specified in the Draft 
GAR. This 20 percent factor conservatively represents the length requiring immediate attention based on 
a review of the current approach being used by the local levee Reclamation and Maintenance Districts to 
address critical repair sites. Remediation in other areas (beyond the 20 percent factor) would be assumed 
completed as ongoing maintenance activities. Unit rates for rock and rock installation typical for non-state 
or federal projects were used to estimate costs, rather than using the higher rates seen in DWR’s 
emergency levee repair program. 

3.1.4 Revegetation 

For the estimates presented in this memorandum, revegetation of disturbed areas and new construction 
areas (other than rock slope protection areas) was assumed to be limited to hydroseeding. This is the 
customary treatment for recent levee remediation projects. The cost for special plantings, irrigation 
systems, and ongoing maintenance included as part of the emergency levee repair program was not 
reflected in the estimates presented in this memorandum. 

3.1.5 Escalation 

Cost estimates include escalation for one year from October 2010 to October 2011 as requested by the 
Central Valley Flood Protection Planning Group. Escalation is assumed at 3 percent per year. 
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3.1.6 Other Direct and Indirect Costs 

In addition to escalation, estimates provided with this memorandum include appropriate allowances for 
engineering and design, engineering support during construction, construction management, and owner 
legal costs. The respective factors for these costs are presented in Attachment 1. 

3.1.7 Levee Segments Not Covered by the Draft GAR 

Based on the current segment count available, there are approximately 16 levee segments totaling 
approximately 31 miles in length in the North NULE Study Area that are not currently analyzed in the 
Draft GAR due to lack of data, lack of access, or other programmatic reasons. These segments typically 
include small levees that range in length from 0.1 miles to 5.5 miles, with an average length of 
approximately 1.9 miles. These missing segments represent only approximately 3.5 percent of the total 
levee length under study in the North NULE Study Area. Section 5.1 addresses the cost to remediate the 
16 levee segments that are not currently included in the Draft GAR.  Note that the missing segments are 
being inspected and evaluated as part of the ongoing GAR evaluation work, and specific remediation 
costs for these segments will be included in the Final RACER estimate after the GAR is finalized.  

3.1.8 Burrowing Animal Infestation 

Numerous levee segments and reaches are identified in the Draft GAR as having significant burrowing 
animal infestation. As agreed upon by TAT participants, such infestations were not taken as a cause for 
remediation by themselves. No estimated costs to treat burrowing animal infestation are included for 
levee segments in this memorandum.  

DWR has evaluated an approximate cost to repair burrowing animal damage as a maintenance activity by 
evaluating historical data for a 23-mile-long segment of levee. The results of the evaluation indicate that 
the material, equipment, and labor cost to backfill holes can range from $2,000 to $3,000 per mile for one 
treatment cycle.  The need for addition and/or ongoing treatment cycles, particularly in orchard areas, 
would increase this estimated cost.   

3.1.9 Guidance for Defining Dimensions For Slurry Walls and Seepage Berms for Estimating 

There are locations in the North NULE Study Area where the width of seepage berm or depth of slurry 
wall cannot be determined based on available information. In such cases, an approximation method was 
used to select wall depths and seepage berm widths that would provide comparable levels of protection. 
Selections of wall depth and berm width were based on landside height of levee and were agreed upon 
by TAT participants. Width and depth selection criteria are discussed further in the Estimating 
Assumptions (Attachment 1). 

The assumptions described above and those documented in Attachment 1 were all reviewed and agreed 
upon by TAT participants for a conceptual planning effort and are reasonable and appropriate considering 
the limited physical and geotechnical data and a lack of specific remediation designs. Because of these 
limitations, URS recommends the estimates presented in this memorandum are solely used as a tool for 
levee remediation program planning. These cost estimates should not be used for actual 
construction budget planning, particularly on a segment-by-segment basis.  

3.2 Estimating Tool Background and Update 

In 2008, URS developed a draft version of the Estimating Tool to prepare conceptual-level cost estimates 
to remediate seepage, stability, and erosion deficiencies. The Estimating Tool included 20 alternative 
remediations for seepage, 6 remediations for stability, and 6 remediations for erosion. In addition to the 
direct civil construction costs for major work items, the Estimating Tool also included estimates for 
significant indirect cost items, such as engineering and design, construction management, site 
restoration, environmental mitigation, temporary and permanent real estate acquisitions, permitting/legal 
costs, escalation, and contingency.  
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The Estimating Tool was the starting point for developing and refining a simplified version used to prepare 
the estimates described in this memorandum. Simplification entailed reducing the number of remediation 
options available as described in Section 3.4, and, as previously noted, simplifying the routine to estimate 
environmental impact costs and rock slope protection costs for erosion remediation. The amount of input 
data required to prepare an estimate was also reduced by incorporating more capability into the 
programming. New programming maximized the internal calculation of quantities for standardized 
alternative templates using readily available average levee dimensions along a segment or reach. 
Simplifications to the Estimating Tool are warranted and commensurate with the limited information 
available to prepare the Draft GAR. The Estimating Tool was discussed at several TAT meetings; a 
version was provided to DWR for review and comment before production estimating began. 

The original Estimating Tool did not include alternatives to remediate freeboard and geometry 
deficiencies. A standardized freeboard and geometry template was added to the Estimating Tool to 
prepare freeboard and geometry estimates presented in this memorandum.  

3.3 Unit Rates for Estimating 

Unit rates used in the Estimating Tool are generally the same rate used in the 2008 version. Rates were 
updated in several instances to reflect recent bid results and other estimating experience on levee 
remediation projects in northern California. Caution was used to avoid adopting any highly competitive 
lower rates seen bidding during the recent economic downturn.  

3.4 Identifying Remediation Alternatives 

From TAT discussions, and as noted previously, it was determined that only eight alternative 
remediations would be included in the Estimating Tool. These remediations could be used individually, or 
in combinations, to address all of the deficiencies identified in the Draft GAR. The eight alternative 
remediations are listed below: 

Alternative Type of Deficiency Remediated 

Drained stability berm Throughseepage and stability deficiencies 

Seepage berm Underseepage deficiency 

Combination drained stability and seepage berm Throughseepage, underseepage, stability deficiencies 

Conventional soil-bentonite slurry wall (up to 75 feet 
remediation depth) 

Throughseepage and underseepage deficiencies 

Deep Soil Mixing (DSM) wall  
(greater than 70 feet remediation depth ) 

Throughseepage and underseepage deficiencies 

Rock slope protection Waterside erosion deficiency 

Replacement levee Throughseepage and stability deficiencies 

Freeboard/geometry remediation Freeboard and/or geometry deficiencies 

 
Standardized details were developed for each remediation to be used as building blocks that could be 
estimated separately and combined with others to provide a complete remediation estimate for any given 
set of deficiencies. Typical remediation details for berms and seepage cutoff walls are shown on Figure 2. 
Lettered dimensions on Figure 2 are those typically used as input for the Estimating Tool. Figure 3 shows 
typical details for the rock slope protection remediation. Different remediation combinations could be used 
to provide alternative remediation sets for comparison and selection of the minimum cost. For example, a 
slurry wall and stability berm combination could be compared against a combination berm where 
underseepage, throughseepage, and stability deficiencies exist. Figure 4 shows typical details for the 
freeboard and geometry remediation. Note that the remediation assumes that landside levee widening 
would be used to provide acceptable freeboard and geometry configurations and to minimize 
environmental remediation costs associated with work on the waterside of the levee. 
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3.5 Miscellaneous Remediations 

Additional potential remediation costs other than those already mentioned were also evaluated for 
physical conditions and anomalous hazards that could affect levee performance. As segments and 
reaches were being evaluated for the Draft GAR, ancillary features were occasionally noted that could 
influence levee performance. These features include anomalous hazards such as pump stations with 
pipes through or under a levee, other utilities through or under levees, irrigation and drainage canals 
terminating at levees, minor bridges, reconstruction of paved roads on levees, etc. Because of the limited 
coverage of miscellaneous items available in the Draft GAR, the cost estimates presented herein do not 
include specific allowance for miscellaneous remediations. They are assumed covered in the 30 percent 
contingency applied to all estimates. 

3.6 Levee Segments Evaluated 

Based upon the current count of levees within the North NULE Study Area, approximately 191 levee 
segments and reaches fall within the North NULE Study Area. Of these, approximately 176 segments and 
reaches are covered by the Draft GAR, addressing approximately 810 miles of levee. The remaining 
segments (approximately 31 miles in total length) are not included as noted previously due to the lack of 
data, lack of entry for inspections, or other programmatic reasons.  

Of the 176 levee segments and reaches analyzed for cost based upon the Draft GAR, 22 are assigned to 
Hazard Category A (no failure modes requiring remediation at this time). This leaves 154 segments and 
reaches that are assigned to Hazard Categories B, C, or LD for one or more potential failure modes. For 
the remaining 154 segments and reaches, remediations were selected and cost estimates were prepared.  

4.0 TASK U107-2, SELECTION OF REMEDIATION ALTERNATIVES AND DEVELOPMENT OF 
COST ESTIMATES FOR PROJECT AND NON-PROJECT LEVEE SECTIONS  

4.1 Selecting Remediation Alternatives 

Four teams were established to review and select remediation alternatives for each segment in the Draft 
GAR where one or more deficiencies were identified. For continuity, teams were established and 
assigned segments so that team members already would be familiar with the segments from their 
previous work on the Draft GAR. All deficiencies categorized as B, C, or LD in the Draft GAR were 
assumed to require remediation. Segments with an overall Category A classification that had a 
freeboard/geometry deficiency identified in the Draft GAR were remediated for the freeboard/geometry 
deficiency. 

Teams used a standardized Remediation Selection Form (Figure 5) to identify remediations to be 
estimated, including an alternative where possible, and to fill in the basic data required for the estimate 
(length, depth, width of the remediation, etc.). 

After remediation alternatives were selected by each team, the selections shown on the Remediation 
Selection Forms were reviewed and critiqued by an independent senior review committee composed of 
URS and DWR representatives familiar with the levee system. Kleinfelder followed a similar process and 
representatives of Kleinfelder and URS participated in each other’s review sessions to ensure 
consistency in the remediation selection and senior review process between the North and South NULE 
Study Areas. After the review process was completed for segments, the Remediation Selection Forms 
were used by the estimating team to prepare the cost estimates. 

4.2 Preparing Cost Estimates 

The Estimating Tool was used to prepare estimates for remediation combinations identified on the 
Remediation Selection Forms.  
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4.3 Compiling Estimate Data For Presentation 

Because of the large volume of estimating data generated, URS used a Microsoft Access database to 
compile the results. The database was then used as a tool to analyze the data and tabulate the results in 
a series of summary tables discussed further in Section 5.0. The content and format of the summary 
tables were discussed at the TAT meeting and the table formats were approved before the tables were 
finalized. The database evaluated the cost of alternatives to remediate a deficiency and selected the 
minimum cost remediation, which then was carried forward to the various tables described below in 
Section 5.0.  

5.0 OPINION OF PROBABLE COST 

5.1 Remediation Costs for Levee Segments Included in the Draft GAR 

Estimating results are presented using four tables presented at the end of this memorandum. As 
discussed during the TAT meetings, costs are segregated based upon the type of remediation required 
as follows: 

�  Structural Remediations (addressing throughseepage, under seepage, and stability deficiencies) 

�  Waterside Erosion Remediations 

�  Freeboard and Geometry Remediations 

For each type of remediation, costs are typically sorted and grouped first by GAR Study Area (i.e., 1, 2, 3, 
4, 5), then by overall hazard categorization (i.e., A, B, C, or LD), then by segment number and name (i.e., 
Segment 47, Chico Mud Unit 3a).  

Table 1 provides an overall summary of costs by GAR study area and type of remediation that could be 
required.  

Table 2 provides the summary of costs specifically for the structural remediations to address 
throughseepage, under seepage, and stability deficiencies.  

Table 3 provides the summary of costs specifically for erosion remediations based upon the individual 
segment categorization for erosion provided in the Draft GAR. As mentioned previously, these costs were 
developed assuming the individual deficient lengths identified in the Draft GAR for each segment were 
repaired regardless of hazard categorization (B, C, LD). This represents an upper bound estimate of the 
erosion remediation cost. A lower bound cost estimate for erosion repair was also estimated by assuming 
that only about 20 percent of the deficient erosion length specified in the Draft GAR is remediated 
immediately, and the remainder is remediated on an ongoing basis using maintenance budgets. This 
assumption would result in reducing the costs provided in Table 3 by 80 percent. Another approach to 
remediating erosion might be to remediate only segments with Erosion Category C leaving Categories B 
and LD to be remediated as an ongoing maintenance activity. These costing approaches are summarized 
as follows: 

Possible Waterside Erosion Remediation Strategies Estimated Cost 

1. Remediate All Deficient Lengths in Draft GAR (B, C, LD) $2,648,000,000 

2. Remediate Only Individual Erosion Category C Deficient 
Lengths in Draft GAR 

$  799,252,000 

3. Remediate 20 Percent of All erosion Deficient Length in Draft 
GAR 

$  .530,000,000 

4. Remediate 20 Percent of Only Individual Erosion Category C 
Deficient Length in Draft GAR 

$  .159,850,000 

 
Table 4 provides the summary of costs to remediate freeboard and geometry deficiencies.  
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Detailed backup information for all estimates (segment by segment) is provided in Attachment 2. Tables 1 
through 4 were developed by sorting the information from the database (Attachment 2) for this 
memorandum.  

5.2 Remediation Costs for Levee Segment Not Included in the Draft GAR 

As stated earlier, approximately 16 levee segments representing approximately 3.5 percent of the total 
levee length within the North NULE Study Area are not evaluated for deficiencies in the Draft GAR. The 
TAT agreed that a cost should be allowed in the cost estimate provided in this memorandum to cover the 
missing segments. A review of the missing segments typically shows them to be small levees relative to 
the ones already evaluated in the Draft GAR. Because of the nature of these levees, the possibility that 
several could be assigned to Hazard Category A, and the anticipated low remediation costs that would be 
anticipated to correct deficiencies, it is reasonable to assume at this time that the remediation cost would 
be covered within the 30 percent contingency used in all estimates prepared for levee segments covered 
by the Draft GAR. Costs for missing segments will be included in the Draft RACER Report due when the 
GAR is completed. 
 
6.0 ESTIMATE LIMITATIONS AND FUTURE UPDATES 

The estimates provided in this memorandum are order-of-magnitude estimates based on limited data 
provided in the Draft GAR. Simplifying assumptions were made by URS and agreed to by the TAT to 
facilitate estimating. The assumptions are reasonable and appropriate considering the limited physical 
and geotechnical data and lack of specific remediation designs. The extent and depth of selected 
remediations used to address deficiencies identified in the Draft GAR and estimate costs are based on 
engineering judgment without detailed analysis, which is beyond the scope of work authorized by the task 
order. Cost estimate results presented in this memorandum should only be used by DWR as a tool for 
levee remediation program planning and not for actual construction budget planning, particularly on a 
segment-by-segment basis.  

Estimates provided here are based on the current Draft GAR. The Draft GAR is being updated and a 
revised estimate of remediation cost should be completed when the Final GAR is completed. 

The extent of surface and subsurface information relative to the levees within the North NULE Study Area 
will continue to increase.  As additional information on levee conditions continues to be obtained after 
completion of the GAR, further updates of the cost estimates presented in this memorandum will be 
necessary. 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLES 
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Table 2 Throughseepage, Under seepage and Stability Remediation Costs 
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Table 3 Erosion Remediation Costs Grouped by Study Area and Assigned 
Category 
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TABLE 1

NORTH NULE RACER

REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

GAR Overall

Categorization

Total Segment

Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

Overall Summary

1

A $0 $0 $50,104,000159,330 0 0 90,400

B $1,380,670,000 $629,497,000 $197,252,0001,384,480 823,960 382,980 541,720

C $3,707,281,000 $1,979,208,000 $316,581,0002,327,710 2,065,980 1,065,880 875,480

LD $156,882,000 $0 $48,415,000211,670 126,360 0 121,970

LD (A or B) $49,953,000 $0 $21,389,00073,610 53,400 0 55,730

LD (B or C) $152,443,000 $39,308,000 $13,476,000100,000 73,420 21,330 44,150

$5,447,230,000 $2,648,012,000 $647,217,0004,256,810 3,143,120 1,470,190 1,729,440Grand Total:

Page 1 of 4

Table 1

Memorandum December 22, 2010

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.

1 Structural Remediations include throughseepage, under seepage, and stability remediations.



TABLE 1

NORTH NULE RACER

REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

GAR Overall

Categorization

Total Segment

Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 1

1

A $0 $0 $13,351,00051,130 0 0 32,830

B $201,147,000 $119,722,000 $51,042,000279,630 127,380 92,230 139,450

C $48,781,000 $45,572,000 $7,585,00085,110 54,010 33,390 22,960

LD $61,131,000 $0 $22,112,00077,830 50,530 0 59,080

LD (A or B) $29,767,000 $0 $5,198,00035,970 24,600 0 18,940

$165,294,000$340,826,000 $99,288,000273,260125,620Subtotal 529,670 256,530

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

GAR Overall

Categorization

Total Segment

Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 2

1

B $137,389,000 $37,956,000 $20,793,000198,360 97,500 41,570 72,030

C $1,596,729,000 $724,355,000 $143,480,0001,006,330 850,260 385,060 391,530

LD (B or C) $26,089,000 $7,522,000 $502,00015,270 13,740 4,580 1,530

$769,833,000$1,760,207,000 $164,775,000465,080431,210Subtotal 1,219,960 961,500

Page 2 of 4

Table 1

Memorandum December 22, 2010

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.

1 Structural Remediations include throughseepage, under seepage, and stability remediations.



TABLE 1

NORTH NULE RACER

REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

GAR Overall

Categorization

Total Segment

Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 3

1

B $258,120,000 $105,966,000 $25,676,000211,830 149,130 55,950 71,080

C $448,578,000 $243,572,000 $35,460,000338,060 317,860 119,050 101,280

LD $8,304,000 $0 $3,775,00015,660 5,510 0 6,190

LD (B or C) $33,949,000 $9,270,000 $2,634,00027,550 24,330 6,520 8,390

$358,808,000$748,952,000 $67,545,000186,940181,520Subtotal 593,110 496,830

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

GAR Overall

Categorization

Total Segment

Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 4

1

A $0 $0 $16,293,00056,700 0 0 26,670

B $147,971,000 $81,483,000 $12,760,00093,890 80,980 45,250 33,140

C $494,577,000 $481,100,000 $61,801,000313,570 313,570 270,390 167,430

LD $55,790,000 $0 $16,667,00057,940 42,630 0 36,320

LD (A or B) $13,293,000 $0 $8,869,00020,240 20,110 0 19,390

$562,583,000$711,632,000 $116,390,000282,960315,640Subtotal 542,330 457,290

Page 3 of 4

Table 1

Memorandum December 22, 2010

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.

1 Structural Remediations include throughseepage, under seepage, and stability remediations.



TABLE 1

NORTH NULE RACER

REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Length (Feet) Total Cost ($)

Erosion Remediations

Total Cost ($)

Freeboard/Geometry Remediations

Total Cost ($)

GAR Overall

Categorization

Total Segment

Length (Feet)

Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 5

1

A $0 $0 $20,460,00051,500 0 0 30,900

B $636,044,000 $284,370,000 $86,981,000600,780 368,960 147,970 226,020

C $1,118,615,000 $484,609,000 $68,255,000584,640 530,280 258,000 192,280

LD $31,658,000 $0 $5,860,00060,240 27,680 0 20,370

LD (A or B) $6,893,000 $0 $7,322,00017,400 8,700 0 17,400

LD (B or C) $92,405,000 $22,516,000 $10,340,00057,180 35,350 10,240 34,230

$791,494,000$1,885,614,000 $199,219,000521,200416,210Subtotal 1,371,740 970,990

Page 4 of 4

Table 1

Memorandum December 22, 2010

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.

1 Structural Remediations include throughseepage, under seepage, and stability remediations.



TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 1

Overall Segment Categorization: B

Chico-Mud Unit 3c 5,320 2,610 $1,971,000 $3,991,000U+E+FG48.2

LD 3-Glenn, Sacramento River (Glenn Co) 63,230 9,480 $19,268,000 $10,726,000T+U+Ss68.0

LD 3-Glenn, Sacramento River (Glenn Co) 63,230 22,130 $32,978,000 $7,868,000T+U+Ss+E+FG68.0

Maintenance Area No. 05 - Unit 1 42,050 8,410 $12,365,000 $7,763,000U+Ss+E+FG103.0

Maintenance Area No. 05 - Unit 1 42,050 2,100 $2,979,000 $7,482,000U+FG103.0

Maintenance Area No. 05 - Unit 1 42,050 2,100 $1,815,000 $4,558,000U103.0

Maintenance Area No. 05 - Unit 2c 42,280 6,340 $3,849,000 $3,205,000Ss104.0

Maintenance Area No. 05 - Unit 2c 42,280 6,340 $5,755,000 $4,792,000U+FG104.0

Maintenance Area No. 05 - Unit 2c 42,280 6,340 $8,341,000 $6,945,000U+E+FG104.0

Maintenance Area No. 05 - Unit 2c 42,280 6,340 $4,703,000 $3,916,000Ss104.0

Sacramento River East Levee Unit 1d 37,510 1,880 $1,522,000 $4,285,000T161.0

Sacramento River East Levee Unit 1d 37,510 7,500 $11,604,000 $8,167,000T+U+E+FG161.0

Maintenance Area No. 05 - Unit 2b 12,220 9,780 $27,554,000 $14,876,000T+U263.1

Maintenance Area No. 05 - Unit 2b 12,220 2,440 $9,866,000 $21,305,000T+U+E+FG263.1

Maintenance Area No. 13 - Unit 1c 28,100 8,430 $5,134,000 $3,216,000Sn272.0

Maintenance Area No. 05 - Unit 1 25,150 2,520 $6,224,000 $13,067,000U381.1

Maintenance Area No. 05 - Unit 1 25,150 20,120 $41,209,000 $10,814,000T+U+E+FG381.1

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.

Page 1 of 20

Table 2

T = Throughseepage Ss = Seepage Related Stability FG = Freeboard and Geometry
U = Under Seepage Sn = Non-seepage Related Stability E = Erosion

Legend:

Memorandum December 22, 2010



TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 1

Maintenance Area No. 05 - Unit 1 25,150 2,520 $4,009,000 $8,416,000U+FG381.1

Subtotal for Categorization B 127,380 $201,147,000255,860 $8,337,000

Overall Segment Categorization: C

Sacramento River East Levee Unit 1b, and Unit 1 50,080 15,020 $11,472,000 $4,032,000T160.0

Sacramento River East Levee Unit 1b, and Unit 1 50,080 10,020 $13,612,000 $7,176,000U+E+FG160.0

Sacramento River East Levee Unit 3, Colusa Wei 12,110 6,050 $8,908,000 $7,770,000U+E+FG291.0

Maintenance Area No. 13 - Unit 2e 22,920 7,790 $5,922,000 $4,013,000Sn383.2

Maintenance Area No. 13 - Unit 2e 22,920 15,130 $8,866,000 $3,095,000Sn383.2

Subtotal for Categorization C 54,010 $48,781,00085,110 $4,768,000

Overall Segment Categorization: LD

Maintenance Area No. 13 - Unit 1a 18,160 9,080 $8,703,000 $5,060,000T+U108.0

Maintenance Area No. 13 - Unit 2a 19,050 9,520 $8,414,000 $4,665,000U109.0

Sacramento River East Levee Unit 1a 17,750 9,050 $15,568,000 $9,081,000T+U159.0

Maintenance Area No. 05 - Unit 2b 12,220 3,060 $6,415,000 $11,083,000T+U263.2

Maintenance Area No. 05 - Unit 2b 12,220 9,170 $13,653,000 $7,862,000T+U+FG263.2

Maintenance Area No. 13 - Unit 2c 6,700 2,010 $1,946,000 $5,112,000U271.0

Maintenance Area No. 13 - Unit 2c 6,700 4,690 $3,268,000 $3,680,000U271.0

Segment 1027 3,950 3,950 $3,164,000 $4,230,000T+U1,027.0

Subtotal for Categorization LD 50,530 $61,131,00077,830 $6,387,000

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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Table 2

T = Throughseepage Ss = Seepage Related Stability FG = Freeboard and Geometry
U = Under Seepage Sn = Non-seepage Related Stability E = Erosion

Legend:

Memorandum December 22, 2010



TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 1

Overall Segment Categorization: LD (A or B)

Chico-Mud Unit 1a 13,760 13,760 $20,845,000 $8,001,000T+U45.2

Chico-Mud Unit 3a 11,410 1,480 $1,137,000 $4,046,000U+FG47.0

Chico-Mud Unit 3a 11,410 3,990 $3,767,000 $4,979,000U+FG47.0

Chico-Mud Unit 3c 4,560 680 $466,000 $3,597,000U+FG48.1

Chico-Mud Unit 2a 6,240 4,680 $3,552,000 $4,008,000U269.0

Subtotal for Categorization LD (A or B) 24,600 $29,767,00035,970 $6,390,000

Subtotal for GAR Study Area 1 256,530 $340,826,000 $7,015,000454,770

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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Table 2

T = Throughseepage Ss = Seepage Related Stability FG = Freeboard and Geometry
U = Under Seepage Sn = Non-seepage Related Stability E = Erosion

Legend:
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 2

Overall Segment Categorization: B

Elder Creek Unit 4b - Tehama County 4,930 2,020 $1,600,000 $4,181,000U+E+FG57.0

Elder Creek Unit 4a - Tehama County 15,930 1,750 $2,961,000 $8,922,000T+U58.0

Elder Creek Unit 4a - Tehama County 15,930 6,210 $3,879,000 $3,297,000T+U+E58.0

Elder Creek Unit 5 - Tehama County 20,360 6,110 $5,180,000 $4,477,000T+U+FG59.0

Elder Creek Unit 5 - Tehama County 20,360 6,310 $4,004,000 $3,349,000T+U+E+FG59.0

LD 1-Glenn, Sacramento River 64,720 16,180 $20,174,000 $6,583,000T+U+Ss65.0

LD 1-Glenn, Sacramento River 64,720 3,240 $3,664,000 $5,979,000U+E+FG65.0

LD 2-Glenn, Sacramento River 25,920 5,180 $9,292,000 $9,466,000T+U+Ss67.0

LD 2-Glenn, Sacramento River 25,920 7,770 $12,840,000 $8,720,000U+FG67.0

Maintenance Area No. 01 13,400 3,350 $6,962,000 $10,974,000T+U+FG100.0

Maintenance Area No. 01 13,400 3,350 $2,954,000 $4,656,000T100.0

Tisdale Bypass Unit 1 - north bank 23,670 14,200 $24,236,000 $9,009,000U+Sn165.0

Tisdale Bypass Unit 1 - north bank 23,670 7,100 $11,871,000 $8,825,000U165.0

Maintenance Area No. 01 29,420 14,710 $27,771,000 $9,966,000T+U286.0

Subtotal for Categorization B 97,500 $137,389,000198,360 $7,440,000

Overall Segment Categorization: C

Deer Creek Unit 1b 16,320 9,800 $8,097,000 $4,364,000T+U+E+FG54.0

Deer Creek Unit 2 7,640 3,590 $2,466,000 $3,628,000U+E+FG55.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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T = Throughseepage Ss = Seepage Related Stability FG = Freeboard and Geometry
U = Under Seepage Sn = Non-seepage Related Stability E = Erosion

Legend:
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 2

Maintenance Area No. 12 60,000 6,000 $4,880,000 $4,294,000U+Ss107.0

Maintenance Area No. 12 60,000 54,000 $43,924,000 $4,294,000Ss107.0

RD 0070 Unit 2 81,840 16,370 $34,313,000 $11,068,000T+U+Sn115.0

RD 0070 Unit 2 81,840 32,740 $34,109,000 $5,501,000T115.0

RD 0070 Unit 2 81,840 24,550 $25,582,000 $5,501,000Sn115.0

RD 0108 (Colusa Co, and Yolo Co) 107,480 63,410 $61,195,000 $5,095,000Sn+E+FG116.0

RD 0108 (Colusa Co, and Yolo Co) 107,480 53,740 $38,566,000 $3,789,000Sn116.0

RD 0787 23,480 23,480 $27,607,000 $6,209,000Sn+E+FG137.0

RD 1500 Unit 1 174,960 174,960 $334,227,000 $10,087,000T+U+Sn146.0

Sacramento River West Side Levee District 139,270 69,640 $152,314,000 $11,549,000T+U+E+FG158.0

Tisdale Bypass Unit 2 - south bank 23,380 14,030 $36,646,000 $13,793,000U+Sn166.0

Tisdale Bypass Unit 2 - south bank 23,380 9,350 $17,350,000 $9,795,000T+U166.0

RD 1660 Unit 2 48,160 19,270 $50,776,000 $13,916,000T+U+Sn248.0

RD 1660 Unit 2 48,160 9,630 $10,588,000 $5,804,000T+Sn248.0

RD 1660 Unit 2 48,160 19,270 $53,055,000 $14,541,000T+U248.0

Sacramento River West Side Levee District 28,120 7,030 $17,739,000 $13,325,000T+U+Sn287.0

Sacramento River West Side Levee District 28,120 21,090 $53,511,000 $13,399,000T+U+E287.0

Sacramento River West Side Levee District 93,200 13,980 $28,943,000 $10,931,000U288.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 2

Sacramento River West Side Levee District 93,200 18,640 $41,878,000 $11,862,000T+U+Sn+E+FG288.0

RD 0070 Unit 1 41,800 31,350 $92,769,000 $15,625,000T+U293.0

RD 0070 Unit 1 41,800 10,450 $26,139,000 $13,208,000U293.0

RD 1500 Unit 2 109,500 54,750 $171,062,000 $16,498,000T+U294.0

RD 1500 Unit 2 109,500 54,750 $171,062,000 $16,498,000T+U+Sn294.0

Maintenance Area No. 01 45,880 16,060 $27,836,000 $9,154,000T+U+E+FG380.0

Maintenance Area No. 01 45,880 18,350 $30,093,000 $8,659,000U380.0

Subtotal for Categorization C 850,260 $1,596,729,0001,001,030 $9,916,000

Overall Segment Categorization: LD (B or C)

RD 1660 Unit 1 15,270 4,580 $8,696,000 $10,023,000T+U+Sn149.0

RD 1660 Unit 1 15,270 9,160 $17,393,000 $10,023,000T+U149.0

Subtotal for Categorization LD (B or C) 13,740 $26,089,00015,270 $10,023,000

Subtotal for GAR Study Area 2 961,500 $1,760,207,000 $9,666,0001,214,660

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 3

Overall Segment Categorization: B

Marysville Unit 3 (NE extension) 20,150 2,010 $3,970,000 $10,405,000T+U+Sn52.1

Marysville Unit 3 (NE extension) 20,150 3,020 $10,381,000 $18,137,000T+U+Sn52.1

Marysville Unit 3 (NE extension) 20,150 2,010 $3,052,000 $7,999,000U52.1

Marysville Unit 3 (NE extension) 20,150 7,050 $13,895,000 $10,405,000T+U+Sn52.1

Maintenance Area No. 03 11,600 5,800 $3,606,000 $3,282,000T101.0

Maintenance Area No. 03 11,600 5,800 $18,600,000 $16,932,000T+U+E101.0

RD 0010 Unit 1 40,410 14,140 $18,393,000 $6,867,000T+Sn114.0

RD 0010 Unit 1 40,410 6,060 $4,402,000 $3,835,000T114.0

RD 0010 Unit 1 40,410 6,060 $20,178,000 $17,578,000T+U114.0

RD 0010 Unit 1 40,410 6,060 $18,712,000 $16,301,000T+U+Sn114.0

RD 1001 Unit 2 19,240 9,620 $14,489,000 $7,955,000T+U+E+FG145.0

RD 1001 Unit 2 19,240 1,920 $3,128,000 $8,587,000U+Ss145.0

RD 1001 Unit 2 19,240 1,920 $2,957,000 $8,117,000U145.0

Sutter Bypass - East Levee - north 22,700 5,680 $6,397,000 $5,952,000Sn163.0

Sutter Bypass - East Levee - north 22,700 17,020 $42,619,000 $13,217,000U+E+FG163.0

Wadsworth Canal Unit 1 11,600 2,320 $2,194,000 $4,993,000U+E+FG167.0

Wadsworth Canal Unit 2 24,300 12,640 $27,034,000 $11,296,000U+E+FG168.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 3

Wadsworth Canal Unit 2 24,300 6,080 $6,360,000 $5,527,000T168.0

RD 0010 Unit 3 14,850 740 $691,000 $4,913,000T+U275.0

RD 0010 Unit 3 14,850 8,170 $5,694,000 $3,681,000T275.0

RD 0010 Unit 3 14,850 3,710 $3,938,000 $5,601,000T+U275.0

RD 0010 Unit 3 14,850 2,230 $1,318,000 $3,124,000T275.0

RD 1001 Unit 6 24,820 6,200 $4,853,000 $4,130,000Sn285.0

RD 1001 Unit 6 24,820 6,200 $8,650,000 $7,361,000U285.0

RD 0784 Unit 5b 22,180 6,650 $12,611,000 $10,009,000T+U+E392.0

Subtotal for Categorization B 149,130 $258,120,000200,230 $9,139,000

Overall Segment Categorization: C

RD 1001 Unit 1 22,180 11,530 $11,942,000 $5,468,000T+U+FG144.0

RD 1001 Unit 1 22,180 10,640 $18,540,000 $9,196,000U+Sn+FG144.0

RD 2103 Unit 1b 17,950 17,950 $18,598,000 $5,471,000T+U+E+FG154.0

Sutter Bypass - East Levee - south 72,900 18,220 $18,514,000 $5,364,000Sn164.0

Sutter Bypass - East Levee - south 72,900 18,220 $45,384,000 $13,148,000T+U164.0

Sutter Bypass - East Levee - south 72,900 18,220 $45,384,000 $13,148,000U+Sn164.0

Sutter Bypass - East Levee - south 72,900 18,220 $42,248,000 $12,240,000U+E+FG164.0

RD 1001 Unit 3, and Unit 3a 49,630 6,450 $13,667,000 $11,184,000T+U+Ss246.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 3

RD 1001 Unit 3, and Unit 3a 49,630 5,960 $10,363,000 $9,187,000T+U+Ss246.0

RD 1001 Unit 3, and Unit 3a 49,630 13,900 $23,888,000 $9,076,000T+U+FG246.0

RD 1001 Unit 3, and Unit 3a 49,630 23,330 $29,392,000 $6,653,000T+U+E+FG246.0

RD 1001 Unit 4 70,220 66,010 $1,870,000 $150,000T+U+Ss+E+FG247.0

RD 1001 Unit 4 70,220 700 $3,741,000 $28,126,000T+U+Ss+FG247.0

RD 1001 Unit 4 70,220 1,400 $5,161,000 $19,402,000T+U+Ss+FG247.0

RD 1001 Unit 4 70,220 4,210 $4,948,000 $6,201,000T+U+Ss+FG247.0

RD 1001 Unit 3b 16,630 1,830 $3,792,000 $10,944,000T+U+Ss+E+FG283.0

RD 1001 Unit 3b 16,630 1,500 $5,161,000 $18,205,000T+U+Ss283.0

RD 1001 Unit 5 28,510 7,130 $17,859,000 $13,229,000T+U284.0

RD 1001 Unit 5 28,510 7,130 $7,902,000 $5,853,000Sn284.0

RD 1001 Unit 5 28,510 7,130 $17,859,000 $13,229,000U+Sn284.0

RD 1001 Unit 5 28,510 7,130 $16,392,000 $12,142,000U+E284.0

RD 0010 Unit 2 60,040 27,020 $57,942,000 $11,324,000T+U385.0

RD 0010 Unit 2 60,040 9,010 $12,682,000 $7,436,000U385.0

RD 0010 Unit 2 60,040 15,010 $15,350,000 $5,400,000T385.0

Subtotal for Categorization C 317,860 $448,578,000338,060 $7,451,000

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 3

Overall Segment Categorization: LD

Honcut Creek Area - Eastern 7,740 1,550 $1,963,000 $6,694,000U62.0

RD 0784 Unit 6 7,920 3,960 $6,341,000 $8,455,000T+U281.0

Subtotal for Categorization LD 5,510 $8,304,00015,660 $7,960,000

Overall Segment Categorization: LD (B or C)

RD 0784 Unit 3b 7,390 1,480 $2,439,000 $8,712,000U135.0

RD 0784 Unit 3b 7,390 5,910 $10,945,000 $9,773,000T+U+E+FG135.0

RD 0817 Unit 1 20,160 8,470 $5,564,000 $3,470,000T+U138.0

RD 0817 Unit 1 20,160 8,470 $15,000,000 $9,354,000T+U+E+FG138.0

Subtotal for Categorization LD (B or C) 24,330 $33,949,00027,550 $7,369,000

Subtotal for GAR Study Area 3 496,830 $748,952,000 $7,959,000581,510

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 4

Overall Segment Categorization: B

Middle Creek - Unit 1a 5,680 3,410 $1,438,000 $2,228,000T+E+FG78.0

RD 0785 Unit 1 11,610 11,610 $29,083,000 $13,226,000U+E+FG136.0

RD 0827 Unit 1 7,390 7,390 $17,315,000 $12,371,000T+U+E+FG139.0

Sacramento Bypass Unit 1 - north bank 6,330 6,330 $15,855,000 $13,225,000T+U+Ss156.1

Sacramento Bypass Unit 1 - north bank 3,050 3,050 $3,380,000 $5,852,000Sn+E156.2

Service Area 6 - Yolo County 30,530 2,750 $2,866,000 $5,506,000T+Sn162.0

Service Area 6 - Yolo County 30,530 24,430 $45,391,000 $9,812,000T+U+Sn+E+FG162.0

Yolo Bypass West Levee Unit 1 13,800 9,660 $20,908,000 $11,424,000T+U+Sn+E+FG172.0

Yolo Bypass West Levee Unit 1 13,800 1,380 $1,436,000 $5,491,000Sn172.0

Yolo Bypass West Levee Unit 2 7,960 7,960 $7,481,000 $4,961,000Sn+E+FG173.0

Yolo Bypass West Levee Unit 3 7,530 3,010 $2,818,000 $4,941,000Sn+E174.0

Subtotal for Categorization B 80,980 $147,971,00093,890 $9,648,000

Overall Segment Categorization: C

Cache Creek - Yolo County Unit 1b 61,700 30,230 $41,343,000 $7,220,000T+U+FG41.0

Cache Creek - Yolo County Unit 1b 61,700 31,470 $60,924,000 $10,223,000T+U+E+FG41.0

Middle Creek - Unit 1e 13,260 13,260 $15,725,000 $6,261,000T+U+Ss+E+FG81.2

RD 0537 Unit 1 - northh of Sac Bypass 19,500 19,500 $47,489,000 $12,858,000T+U+E124.0

RD 1600 Unit 1 54,910 54,910 $108,540,000 $10,437,000T+U+Ss+E+FG147.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 4

RD 2035 Unit 2 - Yolo Bypass 16,400 16,400 $30,625,000 $9,860,000T+U+Sn+E+FG150.0

Yolo Bypass East Levee 10,560 5,280 $6,399,000 $6,399,000Sn+E+FG171.0

Yolo Bypass East Levee 10,560 5,280 $14,190,000 $14,190,000U+Sn171.0

Knights Landing Ridge Cut - Unit 1 35,060 3,510 $2,906,000 $4,376,000Sn216.0

Knights Landing Ridge Cut - Unit 1 35,060 31,550 $26,152,000 $4,376,000T+Sn+E+FG216.0

Knights Landing Ridge Cut - Unit 2 34,870 3,840 $5,798,000 $7,982,000Sn217.0

Knights Landing Ridge Cut - Unit 2 34,870 31,030 $27,838,000 $4,737,000Sn+E+FG217.0

RD 0827 Unit 2 14,780 10,350 $13,585,000 $6,931,000Sn+E+FG241.0

RD 0827 Unit 2 14,780 4,440 $5,821,000 $6,930,000U+Sn241.0

RD 1600 Unit 2 22,180 8,870 $10,977,000 $6,534,000Sn+E+FG295.0

RD 1600 Unit 2 22,180 13,310 $36,932,000 $14,655,000U+Sn295.0

RD 2035 Unit 3 - Willow Bypass 12,920 12,920 $18,972,000 $7,750,000T+U+Sn+E297.0

RD 0785 Unit 2 17,420 17,420 $20,361,000 $6,170,000Sn+E+FG393.0

Subtotal for Categorization C 313,570 $494,577,000313,570 $8,328,000

Overall Segment Categorization: LD

Middle Creek - Unit 1e 3,820 3,060 $2,933,000 $5,067,000Ss81.1

Middle Creek - Unit 1e 3,820 760 $1,151,000 $7,958,000U+Ss+FG81.1

Putah Creek Unit 2 - south bank 41,850 12,560 $18,871,000 $7,936,000T+U+FG112.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 4

Putah Creek Unit 2 - south bank 41,850 16,740 $25,287,000 $7,976,000U112.0

Middle Creek - Unit 4 Alley Creek-Channel 6,870 2,750 $1,700,000 $3,264,000T237.0

Middle Creek - Unit 4 Alley Creek-Channel 6,870 1,370 $1,510,000 $5,799,000T+U+FG237.0

Middle Creek - Unit 5 Alley Creek-Channel 5,390 5,390 $4,337,000 $4,247,000T+U+FG267.0

Subtotal for Categorization LD 42,630 $55,790,00057,940 $6,910,000

Overall Segment Categorization: LD (A or B)

Middle Creek - Unit 3 - Scotts Creek 13,070 4,050 $2,282,000 $2,973,000T+Ss+FG80.0

Middle Creek - Unit 3 - Scotts Creek 13,070 1,960 $1,135,000 $3,057,000T+FG80.0

Middle Creek - Unit 3 - Scotts Creek 13,070 4,970 $3,750,000 $3,986,000T+U+Ss+FG80.0

Middle Creek - Unit 3 - Scotts Creek 13,070 1,960 $1,141,000 $3,072,000T80.0

Middle Creek - Unit 3b Scotts Creek 7,160 6,450 $4,160,000 $3,407,000T268.0

Middle Creek - Unit 3b Scotts Creek 7,160 720 $826,000 $6,086,000T+U+FG268.0

Subtotal for Categorization LD (A or B) 20,110 $13,293,00020,240 $3,491,000

Subtotal for GAR Study Area 4 457,290 $711,632,000 $8,217,000485,630

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 5

Overall Segment Categorization: B

RD 0003 Unit 1 22,840 11,420 $12,135,000 $5,610,000T113.1

RD 0003 Unit 1 22,840 2,280 $2,427,000 $5,610,000T+Sn113.1

RD 0003 Unit 1 22,840 4,570 $10,907,000 $12,607,000T+U+Sn+E113.1

RD 0003 Unit 1 22,840 4,570 $10,907,000 $12,607,000U+Sn113.1

RD 0341 Unit 1 17,500 17,500 $33,406,000 $10,078,000T+U+Sn+E+FG119.0

RD 0551 35,830 3,580 $13,835,000 $20,386,000U126.0

RD 0551 35,830 10,750 $25,761,000 $12,653,000U+E126.0

RD 0556 Unit 1 28,940 7,230 $6,649,000 $4,853,000T129.0

RD 0556 Unit 1 28,940 8,680 $7,979,000 $4,853,000Sn129.0

RD 0556 Unit 1 28,940 4,340 $7,392,000 $8,992,000U+E+FG129.0

RD 0999 Unit 1 81,470 48,880 $60,132,000 $6,495,000Sn+FG142.0

RD 2068 Unit 1 29,210 8,760 $7,291,000 $4,393,000Sn+E+FG152.0

RD 0999 Unit 5 49,960 19,990 $21,571,000 $5,699,000T244.0

RD 0999 Unit 5 49,960 14,990 $37,822,000 $13,323,000T+U+E+FG244.0

RD 2098 Unit 4 15,570 4,670 $2,838,000 $3,209,000Sn+FG249.0

RD 0999 Unit 4 6,510 1,950 $14,472,000 $39,139,000U+E303.0

RD 0999 Unit 2 12,060 3,620 $9,789,000 $14,283,000U304.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 5

RD 0999 Unit 2 12,060 2,410 $7,046,000 $15,422,000U+Sn+E+FG304.0

RD 0999 Unit 2 12,060 6,030 $6,699,000 $5,865,000Sn304.0

RD 0999 Unit 3 19,770 11,860 $22,759,000 $10,129,000T+U305.0

RD 0999 Unit 3 19,770 5,930 $11,691,000 $10,406,000T+U+Sn+E+FG305.0

RD 0501 Unit 3 40,670 24,400 $32,511,000 $7,035,000T+U+Sn+E+FG309.0

RD 0501 Unit 3 40,670 8,130 $26,023,000 $16,893,000U309.0

RD 0501 Unit 3 40,670 4,070 $5,418,000 $7,035,000T309.0

RD 0501 Unit 3 40,670 4,070 $5,418,000 $7,035,000U+Sn309.0

RD 0501 Unit 4 12,040 3,610 $7,552,000 $11,040,000U310.0

RD 0501 Unit 4 12,040 1,200 $1,224,000 $5,366,000Sn310.0

RD 0501 Unit 4 12,040 7,220 $15,934,000 $11,647,000U+Sn+FG310.0

RD 2060 Unit 3a 23,320 8,160 $6,615,000 $4,279,000Sn+E+FG314.0

RD 0536 Unit 2 18,040 3,610 $4,049,000 $5,926,000Sn316.1

RD 0536 Unit 2 18,040 1,800 $4,523,000 $13,237,000U+FG316.1

RD 0536 Unit 2 18,040 7,220 $19,434,000 $14,219,000U+Sn316.1

RD 0536 Unit 2 8,250 4,120 $7,032,000 $9,001,000T+U+Sn+FG316.2

RD 0536 Unit 2 8,250 2,480 $4,219,000 $9,001,000T+U316.2

RD 0003 Unit 2 6,000 6,000 $6,060,000 $5,333,000U+Ss384.1

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 5

Sacramento River Right Bank Levee 85,620 13,700 $31,696,000 $12,216,000U384.2

RD 0150 Unit 3 49,610 14,880 $14,337,000 $5,086,000T386.0

RD 0150 Unit 3 49,610 14,880 $43,759,000 $15,524,000T+U+E+FG386.0

RD 0556 Unit 2 30,260 12,100 $27,535,000 $12,012,000U390.0

RD 0556 Unit 2 30,260 6,050 $14,394,000 $12,558,000T+U+E390.0

RD 0556 Unit 2 30,260 12,100 $12,632,000 $5,511,000T390.0

Segment 1040 7,300 2,920 $9,098,000 $16,451,000U+FG1,040.0

Segment 1040 7,300 2,190 $3,071,000 $7,404,000U+Sn1,040.0

Subtotal for Categorization B 368,960 $636,044,000600,780 $9,102,000

Overall Segment Categorization: C

Brannan-Andrus LMD Unit 1 31,800 3,180 $8,776,000 $14,572,000T+U+FG40.0

Brannan-Andrus LMD Unit 1 31,800 6,360 $8,770,000 $7,281,000T+U+Sn40.0

Brannan-Andrus LMD Unit 1 31,800 17,490 $27,661,000 $8,351,000T+U40.0

Brannan-Andrus LMD Unit 1 31,800 1,590 $2,515,000 $8,351,000U40.0

Maintenance Area No. 09 46,690 4,670 $34,398,000 $38,900,000T+U+Ss+E+FG106.0

Maintenance Area No. 09 46,690 14,010 $33,336,000 $12,566,000T+U+Ss106.0

Maintenance Area No. 09 46,690 18,680 $42,127,000 $11,910,000U106.0

Maintenance Area No. 09 46,690 9,340 $10,084,000 $5,702,000T+Ss106.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 5

RD 0003 Unit 1 37,300 7,460 $24,420,000 $17,284,000U+Sn113.2

RD 0003 Unit 1 37,300 11,190 $36,630,000 $17,284,000T+U+Sn+E113.2

RD 0003 Unit 1 37,300 18,650 $23,115,000 $6,544,000T113.2

RD 0307 34,590 10,380 $22,448,000 $11,423,000T118.0

RD 0307 34,590 3,460 $7,348,000 $11,218,000U118.0

RD 0307 34,590 13,840 $101,519,000 $38,743,000U+E+FG118.0

RD 0307 34,590 3,460 $3,487,000 $5,323,000T118.0

RD 0501 Unit 1 15,250 4,570 $13,428,000 $15,501,000T+U+Sn+E122.0

RD 0501 Unit 1 15,250 4,570 $13,428,000 $15,501,000T+U122.0

RD 0501 Unit 1 15,250 6,100 $17,009,000 $14,727,000U122.0

RD 0536 Unit 1 22,800 1,140 $2,461,000 $11,400,000T+U+Sn+FG123.2

RD 0536 Unit 1 22,800 6,840 $6,873,000 $5,305,000Sn123.2

RD 0536 Unit 1 22,800 10,260 $22,153,000 $11,400,000U+Sn123.2

RD 0563 64,110 12,820 $11,983,000 $4,935,000T+Sn130.0

RD 0563 64,110 32,060 $57,351,000 $9,447,000T+U130.0

RD 0563 64,110 19,230 $17,975,000 $4,935,000T+E+FG130.0

RD 0755 9,700 7,760 $17,319,000 $11,784,000T+U+E131.0

RD 0755 9,700 970 $980,000 $5,336,000T131.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 5

RD 1601 13,680 10,950 $29,206,000 $14,088,000T+U+E+FG148.0

RD 1601 13,680 2,740 $4,798,000 $9,257,000T+U+Sn+E+FG148.0

RD 2060 Unit 1 25,650 17,950 $35,868,000 $10,548,000T+U+Sn151.1

RD 2060 Unit 1 25,650 7,690 $7,382,000 $5,065,000Sn151.1

RD 0150 Unit 2 41,280 16,510 $16,853,000 $5,390,000T306.0

RD 0150 Unit 2 41,280 20,640 $45,985,000 $11,765,000U+E+FG306.0

RD 0150 Unit 2 41,280 4,130 $30,092,000 $38,495,000U306.0

RD 0349 Unit 2 22,870 13,720 $13,267,000 $5,104,000T307.0

RD 0349 Unit 2 22,870 6,860 $22,442,000 $17,268,000T+U+Sn+E+FG307.0

RD 0349 Unit 2 22,870 2,290 $5,521,000 $12,745,000U+Sn307.0

RD 0501 Unit 2 18,810 3,760 $5,230,000 $7,339,000U+Sn308.0

RD 0501 Unit 2 18,810 7,530 $10,073,000 $7,067,000T308.0

RD 0501 Unit 2 18,810 7,530 $10,461,000 $7,339,000T+U+Sn+E+FG308.0

RD 2098 Unit 3 10,220 6,130 $5,080,000 $4,373,000Sn+E+FG312.0

RD 2098 Unit 2 9,980 7,980 $7,358,000 $4,865,000Sn313.0

RD 2098 Unit 2 9,980 2,000 $2,278,000 $6,024,000U+Sn+E+FG313.0

Brannan-Andrus LMD Unit 2 60,900 12,180 $8,724,000 $3,782,000T378.0

Brannan-Andrus LMD Unit 2 60,900 18,270 $13,086,000 $3,782,000Sn+E378.0

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 5

Brannan-Andrus LMD Unit 2 60,900 6,090 $7,934,000 $6,879,000T378.0

RD 0341 Unit 2 33,120 33,120 $71,836,000 $11,453,000T+U+Sn+E+FG387.0

RD 0349 Unit 3 34,340 3,430 $6,815,000 $10,477,000U388.0

RD 0349 Unit 3 34,340 17,170 $51,129,000 $15,720,000U+Sn+E+FG388.0

North Fork Mokelumne River Right Bank 51,550 25,780 $66,535,000 $13,630,000U+E+FG1,043.0

North Fork Mokelumne River Right Bank 51,550 25,780 $73,068,000 $14,968,000T+U+Sn1,043.0

Subtotal for Categorization C 530,280 $1,118,615,000584,640 $11,138,000

Overall Segment Categorization: LD

RD 0150 Unit 1 2,760 2,760 $4,340,000 $8,296,000T+U+FG117.0

RD 0349 Unit 1 8,320 4,160 $3,563,000 $4,519,000T120.0

RD 0349 Unit 1 8,320 4,160 $7,824,000 $9,926,000T+U+FG120.0

RD 2060 Unit 1 11,040 1,100 $1,655,000 $7,914,000U151.2

RD 2098 Unit 1 500 500 $1,327,000 $14,008,000U+Sn+FG153.2

RD 2104 - west levee 18,550 9,280 $7,662,000 $4,361,000Sn+FG251.0

RD 2060 Unit 2 19,060 5,720 $5,288,000 $4,883,000Sn+FG315.0

Subtotal for Categorization LD 27,680 $31,658,00060,240 $6,038,000

Overall Segment Categorization: LD (A or B)

RD 2104 - Hass Slough 17,400 8,700 $6,893,000 $4,183,000Sn+FG155.0

Subtotal for Categorization LD (A or B) 8,700 $6,893,00017,400 $4,183,000

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 2

NORTH NULE RACER

THROUGHSEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION COSTS

GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment

Reach Segment/Reach Name

Total Remediation

Cost ($)

Cost

Per Remediated Mile ($)

Remediated

Length

(Feet)

Length

(Feet)

Deficiencies

Being

Remediated

GAR Study Area: 5

Overall Segment Categorization: LD (B or C)

RD 0755 9,190 3,670 $8,684,000 $12,477,000T+U+E+FG132.0

RD 2098 Unit 1 16,800 6,720 $7,718,000 $6,065,000Sn+E+FG153.1

Snodgrass Slough Right Bank Levee 31,200 6,240 $16,881,000 $14,284,000U+FG1,041.0

Snodgrass Slough Right Bank Levee 31,200 9,360 $35,481,000 $20,015,000U+Sn+FG1,041.0

Snodgrass Slough Right Bank Levee 31,200 9,360 $23,642,000 $13,336,000U1,041.0

Subtotal for Categorization LD (B or C) 35,350 $92,405,00057,180 $13,801,000

Subtotal for GAR Study Area 5 970,990 $1,885,614,000 $10,254,0001,320,240

Note: Estimates are order of magnitude estimates based upon throughseepage, underseepage, and stability deficeincy extents specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 1

Erosion Catergory: B

Chico-Mud Unit 1a 23,770 $4,578,000 $3,390,00045.1 7,130

Chico-Mud Unit 3c 5,320 $3,985,000 $3,955,00048.2 5,320

LD 3-Glenn, Sacramento River (Glenn Co) 63,230 $17,304,000 $7,225,00068 12,650

Maintenance Area No. 05 - Unit 1 42,050 $11,968,000 $7,514,000103 8,410

Maintenance Area No. 05 - Unit 2c 42,280 $22,617,000 $5,650,000104 21,140

Sacramento River East Levee Unit 1d 37,510 $13,345,000 $7,514,000161 9,380

Maintenance Area No. 05 - Unit 2b 12,220 $7,381,000 $12,751,000263.1 3,060

Maintenance Area No. 05 - Unit 1 25,150 $38,543,000 $8,092,000381.1 25,150

Maintenance Area No. 13 - Unit 2e 22,920 $2,739,000 $6,309,000383.2 2,290

Erosion Category B $122,460,00094,520274,450 $6,841,000

Erosion Catergory: C

Sacramento River East Levee Unit 1b, and Unit 1c 50,080 $32,893,000 $6,936,000160 25,040

Sacramento River East Levee Unit 3, Colusa Weir 12,110 $9,941,000 $8,670,000291 6,050

Erosion Category C $42,833,00031,09062,190 $7,273,000

Total for GAR Study Area: 1 125,620 $165,294,000 $6,948,000336,640

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 2

Erosion Catergory: B

Elder Creek Unit 4b - Tehama County 4,930 $2,110,000 $4,520,00057 2,460

Elder Creek Unit 4a - Tehama County 15,930 $10,907,000 $4,520,00058 12,740

Elder Creek Unit 5 - Tehama County 20,360 $7,626,000 $3,955,00059 10,180

LD 1-Glenn, Sacramento River 64,720 $17,313,000 $5,650,00065 16,180

RD 0070 Unit 2 81,840 $73,333,000 $9,462,000115 40,920

RD 0108 (Colusa Co, and Yolo Co) 107,480 $59,589,000 $9,757,000116 32,240

RD 0787 23,480 $31,553,000 $11,827,000137 14,090

RD 1500 Unit 1 174,960 $143,638,000 $8,670,000146 87,480

RD 1660 Unit 1 15,270 $7,522,000 $8,670,000149 4,580

Sacramento River West Side Levee District 139,270 $112,310,000 $10,644,000158 55,710

Sacramento River West Side Levee District 28,120 $31,490,000 $11,827,000287 14,060

Sacramento River West Side Levee District 93,200 $93,951,000 $10,644,000288 46,600

RD 1500 Unit 2 109,500 $147,161,000 $11,827,000294 65,700

Maintenance Area No. 01 45,880 $18,832,000 $8,670,000380 11,470

Erosion Category B $757,334,000414,420924,940 $9,649,000

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 2

Erosion Catergory: C

Deer Creek Unit 1b 16,320 $8,385,000 $4,520,00054 9,800

Deer Creek Unit 2 7,640 $2,451,000 $3,390,00055 3,820

Deer Creek Unit 1a 5,300 $1,663,000 $2,761,00056 3,180

Erosion Category C $12,499,00016,79029,260 $3,930,000

Total for GAR Study Area: 2 431,210 $769,833,000 $9,426,000954,200

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 3

Erosion Catergory: B

Maintenance Area No. 03 11,600 $12,992,000 $11,827,000101 5,800

RD 0784 Unit 3b 7,390 $2,649,000 $9,462,000135 1,480

RD 0817 Unit 1 20,160 $6,621,000 $6,936,000138 5,040

RD 1001 Unit 2 19,240 $2,737,000 $7,514,000145 1,920

Sutter Bypass - East Levee - south 72,900 $48,989,000 $11,827,000164 21,870

Wadsworth Canal Unit 1 11,600 $11,171,000 $5,085,000167 11,600

Wadsworth Canal Unit 2 24,300 $54,432,000 $11,827,000168 24,300

RD 0784 Unit 5b 22,180 $11,922,000 $9,462,000392 6,650

Erosion Category B $151,513,00078,660189,360 $10,170,000

Erosion Catergory: C

RD 2103 Unit 1b 17,950 $5,186,000 $5,085,000154 5,380

RD 1001 Unit 3, and Unit 3a 49,630 $28,252,000 $7,514,000246 19,850

RD 1001 Unit 4 70,220 $78,651,000 $11,827,000247 35,110

RD 1001 Unit 3b 16,630 $18,628,000 $11,827,000283 8,320

RD 1001 Unit 5 28,510 $63,867,000 $11,827,000284 28,510

Erosion Category C $194,583,00097,180182,950 $10,572,000

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.

Page 4 of 10

Table 3Memorandum December 22, 2010



TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 3

Erosion Catergory: LD

Sutter Bypass - East Levee - north 22,700 $12,712,000 $11,827,000163 5,680

Erosion Category LD $12,712,0005,68022,700 $11,827,000

Total for GAR Study Area: 3 181,520 $358,808,000 $10,437,000395,010

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 4

Erosion Catergory: B

Middle Creek - Unit 1a 5,680 $2,228,000 $2,761,00078 4,260

RD 0785 Unit 1 11,610 $11,703,000 $10,644,000136 5,800

RD 0827 Unit 1 7,390 $9,270,000 $9,462,000139 5,170

Sacramento Bypass Unit 1 - north bank 3,050 $2,733,000 $11,827,000156.2 1,220

Service Area 6 - Yolo County 30,530 $15,041,000 $8,670,000162 9,160

Yolo Bypass East Levee 10,560 $23,654,000 $11,827,000171 10,560

Yolo Bypass West Levee Unit 1 13,800 $9,277,000 $11,827,000172 4,140

Yolo Bypass West Levee Unit 2 7,960 $16,053,000 $10,644,000173 7,960

Yolo Bypass West Levee Unit 3 7,530 $15,178,000 $10,644,000174 7,530

Knights Landing Ridge Cut - Unit 1 35,060 $28,785,000 $8,670,000216 17,530

RD 0827 Unit 2 14,780 $33,116,000 $11,827,000241 14,780

RD 1600 Unit 2 22,180 $49,674,000 $11,827,000295 22,180

Erosion Category B $216,713,000110,300170,140 $10,374,000

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 4

Erosion Catergory: C

Cache Creek - Yolo County Unit 1b 61,700 $94,557,000 $8,092,00041 61,700

Middle Creek - Unit 1e 13,260 $14,189,000 $5,650,00081.2 13,260

RD 0537 Unit 1 - northh of Sac Bypass 19,500 $15,725,000 $10,644,000124 7,800

RD 1600 Unit 1 54,910 $98,399,000 $9,462,000147 54,910

RD 2035 Unit 2 - Yolo Bypass 16,400 $31,226,000 $10,053,000150 16,400

Knights Landing Ridge Cut - Unit 2 34,870 $34,352,000 $8,670,000217 20,920

RD 2035 Unit 3 - Willow Bypass 12,920 $18,393,000 $7,514,000297 12,920

RD 0785 Unit 2 17,420 $39,030,000 $11,827,000393 17,420

Erosion Category C $345,871,000205,340230,990 $8,893,000

Total for GAR Study Area: 4 315,640 $562,583,000 $9,411,000401,130

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 5

Erosion Catergory: B

Maintenance Area No. 09 46,690 $35,559,000 $10,053,000106 18,680

RD 0003 Unit 1 22,840 $9,209,000 $10,644,000113.1 4,570

RD 0003 Unit 1 37,300 $16,710,000 $11,827,000113.2 7,460

RD 0341 Unit 1 17,500 $13,410,000 $8,092,000119 8,750

RD 0501 Unit 1 15,250 $6,830,000 $11,827,000122 3,050

RD 0551 35,830 $7,224,000 $10,644,000126 3,580

RD 0556 Unit 1 28,940 $35,476,000 $8,092,000129 23,150

RD 0755 9,700 $5,541,000 $10,053,000131 2,910

RD 0755 9,190 $3,704,000 $10,644,000132 1,840

RD 1601 13,680 $24,520,000 $11,827,000148 10,950

RD 1601 13,680 $4,904,000 $9,462,000148 2,740

RD 2060 Unit 1 25,650 $45,961,000 $9,462,000151.1 25,650

RD 2068 Unit 1 29,210 $17,908,000 $8,092,000152 11,690

RD 2098 Unit 1 16,800 $18,812,000 $11,827,000153.1 8,400

RD 0999 Unit 5 49,960 $38,052,000 $10,053,000244 19,990

RD 0999 Unit 4 6,510 $3,717,000 $10,053,000303 1,950

RD 0999 Unit 2 12,060 $2,702,000 $11,827,000304 1,210

RD 0999 Unit 3 19,770 $15,058,000 $10,053,000305 7,910

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 5

RD 0150 Unit 2 41,280 $23,576,000 $10,053,000306 12,380

RD 0349 Unit 2 22,870 $9,222,000 $10,644,000307 4,570

RD 0501 Unit 2 18,810 $12,643,000 $11,827,000308 5,640

RD 0501 Unit 3 40,670 $45,548,000 $11,827,000309 20,330

RD 2098 Unit 3 10,220 $9,159,000 $9,462,000312 5,110

RD 2098 Unit 2 9,980 $5,701,000 $10,053,000313 2,990

RD 2060 Unit 3a 23,320 $33,855,000 $12,773,000314 13,990

RD 0150 Unit 3 49,610 $50,009,000 $10,644,000386 24,810

RD 0349 Unit 3 34,340 $23,080,000 $11,827,000388 10,300

RD 0556 Unit 2 30,260 $12,200,000 $10,644,000390 6,050

Erosion Category B $530,293,000270,650691,930 $10,345,000

Erosion Catergory: C

RD 0307 34,590 $19,757,000 $10,053,000118 10,380

RD 0563 64,110 $98,252,000 $8,092,000130 64,110

Brannan-Andrus LMD Unit 2 60,900 $18,693,000 $8,104,000378 12,180

RD 0341 Unit 2 33,120 $66,764,000 $10,644,000387 33,120

Erosion Category C $203,466,000119,780192,710 $8,969,000

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 3

NORTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment Segment Name

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Segment

Length

(Feet)

Erosion

Repair Length

(Feet)

GAR Study Area: 5

Erosion Catergory: LD

North Fork Mokelumne River Right Bank 51,550 $57,736,000 $11,827,0001043 25,780

Erosion Category LD $57,736,00025,78051,550 $11,827,000

Total for GAR Study Area: 5 416,210 $791,494,000 $10,041,000936,200

Note: Estimates are order of magnitude estimates based upon repairing the full remediation extent specified in the Draft GAR.
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 1

Land

Cost ($)

Chico-Mud Unit 3a 14,380 $3,020,000 $937,000 $3,983,000$1,109,000 $26,00047

Chico-Mud Unit 3c 9,880 $1,993,000 $619,000 $2,630,000$1,065,000 $18,00048

LD 3-Glenn, Sacramento River (Glenn Co) 9,480 $3,105,000 $969,000 $4,119,000$1,729,000 $45,00068

Maintenance Area No. 05 - Unit 1 29,440 $7,136,000 $2,212,000 $9,402,000$1,280,000 $54,000103

Maintenance Area No. 05 - Unit 2c 30,020 $8,108,000 $2,518,000 $10,700,000$1,426,000 $74,000104

Maintenance Area No. 13 - Unit 1a 18,160 $4,499,000 $1,484,000 $6,308,000$1,308,000 $325,000108

Maintenance Area No. 13 - Unit 2a 19,050 $4,505,000 $1,424,000 $6,054,000$1,249,000 $124,000109

Sacramento River East Levee Unit 1b, and Unit 1c 12,520 $3,349,000 $1,043,000 $4,434,000$1,412,000 $41,000160

Sacramento River East Levee Unit 1d 13,130 $2,931,000 $916,000 $3,893,000$1,179,000 $46,000161

Maintenance Area No. 05 - Unit 2b 20,780 $10,061,000 $3,276,000 $13,924,000$2,556,000 $587,000263

Maintenance Area No. 13 - Unit 2c 6,700 $1,374,000 $430,000 $1,829,000$1,083,000 $25,000271

Maintenance Area No. 13 - Unit 1c 25,290 $6,211,000 $1,925,000 $8,183,000$1,297,000 $46,000272

Maintenance Area No. 05 - Unit 2a 720 $185,000 $60,000 $255,000$1,355,000 $10,000274

Sacramento River East Levee Unit 4, Moulton Wei 730 $227,000 $92,000 $393,000$1,639,000 $73,000290

Sacramento River East Levee Unit 3, Colusa Weir 2,420 $503,000 $156,000 $664,000$1,097,000 $4,000291

Sacramento River East Levee Unit 2, Colusa Weir 1,730 $397,000 $123,000 $524,000$1,209,000 $3,000292

Chico-Mud Unit 2b 20,300 $5,003,000 $1,658,000 $7,046,000$1,301,000 $384,000379

Maintenance Area No. 05 - Unit 1 26,940 $8,323,000 $2,688,000 $11,422,000$1,631,000 $412,000381

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 1

Land

Cost ($)

Maintenance Area No. 13 - Unit 2e 8,020 $1,867,000 $585,000 $2,488,000$1,229,000 $36,000383

Segment 1027 3,560 $774,000 $244,000 $1,038,000$1,149,000 $20,0001027

Subtotals by Area $99,288,000$23,362,000$2,355,000$1,422,000$73,571,000273,260GAR Study Area: 1

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 2

Land

Cost ($)

Deer Creek Unit 1b 16,320 $3,438,000 $1,074,000 $4,562,000$1,112,000 $51,00054

Deer Creek Unit 2 5,500 $1,159,000 $362,000 $1,539,000$1,113,000 $18,00055

Deer Creek Unit 1a 3,980 $693,000 $217,000 $922,000$921,000 $12,00056

Elder Creek Unit 4b - Tehama County 3,990 $838,000 $260,000 $1,106,000$1,108,000 $7,00057

Elder Creek Unit 5 - Tehama County 14,460 $2,810,000 $882,000 $3,750,000$1,026,000 $58,00059

LD 1-Glenn, Sacramento River 32,360 $7,249,000 $2,279,000 $9,688,000$1,183,000 $159,00065

LD 2-Glenn, Sacramento River 1,300 $292,000 $91,000 $389,000$1,188,000 $6,00067

RD 0070 Unit 2 4,090 $989,000 $316,000 $1,342,000$1,276,000 $37,000115

RD 0108 (Colusa Co, and Yolo Co) 37,620 $10,525,000 $3,260,000 $13,853,000$1,477,000 $69,000116

RD 0787 8,450 $2,039,000 $632,000 $2,686,000$1,274,000 $16,000137

RD 1500 Unit 1 34,990 $8,427,000 $2,673,000 $11,361,000$1,272,000 $260,000146

RD 1660 Unit 1 1,530 $373,000 $118,000 $502,000$1,289,000 $11,000149

Sacramento River West Side Levee District 69,640 $25,707,000 $8,038,000 $34,163,000$1,949,000 $418,000158

Tisdale Bypass Unit 1 - north bank 16,570 $4,421,000 $1,379,000 $5,861,000$1,409,000 $61,000165

Tisdale Bypass Unit 2 - south bank 21,040 $5,736,000 $1,785,000 $7,587,000$1,439,000 $66,000166

RD 1660 Unit 2 48,160 $11,752,000 $3,702,000 $15,732,000$1,288,000 $279,000248

Sacramento River West Side Levee District 4,660 $1,042,000 $332,000 $1,411,000$1,180,000 $37,000288

RD 0070 Unit 1 22,990 $6,761,000 $2,147,000 $9,126,000$1,553,000 $217,000293

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 2

Land

Cost ($)

RD 1500 Unit 2 109,500 $28,586,000 $8,901,000 $37,829,000$1,378,000 $342,000294

Maintenance Area No. 01 4,590 $1,029,000 $322,000 $1,367,000$1,185,000 $16,000380

Subtotals by Area $164,775,000$38,771,000$2,138,000$1,416,000$123,866,000461,730GAR Study Area: 2

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 3

Land

Cost ($)

Marysville Unit 3 (NE extension) 10,070 $2,874,000 $920,000 $3,912,000$1,506,000 $117,00052

Honcut Creek Area - Eastern 6,190 $2,876,000 $888,000 $3,775,000$2,452,000 $11,00062

RD 0010 Unit 1 30,300 $7,663,000 $2,516,000 $10,693,000$1,335,000 $514,000114

RD 0784 Unit 3b 5,770 $1,589,000 $494,000 $2,101,000$1,455,000 $18,000135

RD 0817 Unit 1 2,620 $407,000 $125,000 $532,000$820,000 $0138

RD 1001 Unit 1 2,660 $531,000 $168,000 $713,000$1,053,000 $15,000144

RD 1001 Unit 2 2,690 $732,000 $230,000 $976,000$1,436,000 $14,000145

RD 2103 Unit 1b 2,150 $297,000 $95,000 $403,000$727,000 $12,000154

Sutter Bypass - East Levee - north 5,680 $1,497,000 $464,000 $1,972,000$1,393,000 $10,000163

Sutter Bypass - East Levee - south 36,450 $9,429,000 $2,922,000 $12,418,000$1,366,000 $67,000164

Wadsworth Canal Unit 1 11,600 $3,047,000 $944,000 $4,013,000$1,387,000 $21,000167

Wadsworth Canal Unit 2 8,500 $2,458,000 $765,000 $3,249,000$1,526,000 $27,000168

RD 1001 Unit 3, and Unit 3a 43,180 $12,259,000 $3,843,000 $16,332,000$1,499,000 $230,000246

RD 0010 Unit 3 2,230 $646,000 $203,000 $861,000$1,532,000 $12,000275

RD 1001 Unit 3b 1,830 $524,000 $164,000 $699,000$1,513,000 $10,000283

RD 0010 Unit 2 15,010 $3,627,000 $1,152,000 $4,896,000$1,276,000 $117,000385

Subtotals by Area $67,545,000$15,893,000$1,195,000$1,425,000$50,457,000186,940GAR Study Area: 3

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 4

Land

Cost ($)

Cache Creek - Yolo County Unit 1b 39,490 $9,953,000 $3,152,000 $13,394,000$1,331,000 $290,00041

Middle Creek - Unit 2a 2,010 $770,000 $255,000 $1,083,000$2,018,000 $59,00077

Middle Creek - Unit 1a 5,680 $1,928,000 $597,000 $2,539,000$1,792,000 $14,00078

Middle Creek - Unit 3 - Scotts Creek 12,940 $5,261,000 $1,632,000 $6,937,000$2,147,000 $44,00080

Middle Creek - Unit 1e 17,080 $6,209,000 $1,953,000 $8,300,000$1,919,000 $139,00081

Putah Creek Unit 2 - south bank 20,920 $7,004,000 $2,168,000 $9,214,000$1,767,000 $42,000112

RD 0827 Unit 1 520 $144,000 $46,000 $194,000$1,467,000 $5,000139

RD 1600 Unit 1 10,430 $3,006,000 $947,000 $4,026,000$1,521,000 $73,000147

RD 2035 Unit 2 - Yolo Bypass 16,400 $3,714,000 $1,152,000 $4,897,000$1,196,000 $30,000150

Service Area 6 - Yolo County 9,160 $2,590,000 $816,000 $3,467,000$1,493,000 $61,000162

Willow Slough Bypass Unit 1 - north bank 10,660 $3,987,000 $1,279,000 $5,438,000$1,975,000 $171,000169

Yolo Bypass East Levee 8,980 $2,745,000 $850,000 $3,611,000$1,615,000 $16,000171

Yolo Bypass West Levee Unit 1 13,800 $3,864,000 $1,197,000 $5,086,000$1,478,000 $25,000172

Yolo Bypass West Levee Unit 2 3,980 $1,120,000 $347,000 $1,474,000$1,485,000 $7,000173

Knights Landing Ridge Cut - Unit 1 14,020 $3,560,000 $1,110,000 $4,719,000$1,340,000 $49,000216

Knights Landing Ridge Cut - Unit 2 10,460 $2,172,000 $683,000 $2,902,000$1,096,000 $47,000217

Middle Creek - Unit 4 Alley Creek-Channel 6,190 $2,106,000 $653,000 $2,777,000$1,798,000 $17,000237

RD 0827 Unit 2 14,780 $5,178,000 $1,602,000 $6,807,000$1,849,000 $27,000241

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 4

Land

Cost ($)

Middle Creek - Unit 5 Alley Creek-Channel 5,390 $2,100,000 $649,000 $2,760,000$2,057,000 $10,000267

Middle Creek - Unit 3b Scotts Creek 6,450 $1,444,000 $454,000 $1,932,000$1,182,000 $33,000268

RD 1600 Unit 2 22,180 $6,245,000 $1,947,000 $8,274,000$1,487,000 $81,000295

RD 0785 Unit 2 17,420 $5,160,000 $1,598,000 $6,789,000$1,564,000 $32,000393

Segment 1030 3,750 $1,168,000 $475,000 $2,019,000$1,645,000 $376,0001030

Segment 1031 10,250 $4,193,000 $1,824,000 $7,753,000$2,160,000 $1,735,0001031

Subtotals by Area $116,390,000$27,386,000$3,384,000$1,598,000$85,620,000282,960GAR Study Area: 4

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 5

Land

Cost ($)

Brannan-Andrus LMD Unit 1 28,620 $9,481,000 $3,040,000 $12,921,000$1,749,000 $399,00040

Maintenance Area No. 09 11,670 $3,112,000 $1,035,000 $4,399,000$1,408,000 $252,000106

RD 0150 Unit 1 2,210 $492,000 $155,000 $659,000$1,175,000 $12,000117

RD 0307 12,110 $3,435,000 $1,188,000 $5,051,000$1,498,000 $427,000118

RD 0341 Unit 1 4,380 $1,301,000 $417,000 $1,772,000$1,570,000 $55,000119

RD 0349 Unit 1 1,660 $415,000 $132,000 $560,000$1,317,000 $13,000120

RD 0536 Unit 1 6,840 $1,530,000 $475,000 $2,017,000$1,181,000 $13,000123

RD 0556 Unit 1 20,260 $5,802,000 $1,840,000 $7,820,000$1,512,000 $179,000129

RD 0563 25,640 $5,949,000 $1,891,000 $8,038,000$1,225,000 $198,000130

RD 0999 Unit 1 77,400 $28,438,000 $8,794,000 $37,375,000$1,940,000 $142,000142

RD 1601 9,580 $3,097,000 $966,000 $4,105,000$1,707,000 $42,000148

RD 2068 Unit 1 29,210 $7,358,000 $2,316,000 $9,843,000$1,330,000 $169,000152

RD 2098 Unit 1 17,300 $5,014,000 $1,600,000 $6,801,000$1,531,000 $188,000153

RD 2104 - Hass Slough 17,400 $5,568,000 $1,723,000 $7,322,000$1,689,000 $32,000155

RD 0999 Unit 5 500 $113,000 $35,000 $149,000$1,196,000 $1,000244

RD 2098 Unit 4 13,230 $2,252,000 $700,000 $2,977,000$899,000 $24,000249

RD 2104 - west levee 7,420 $1,301,000 $411,000 $1,746,000$926,000 $33,000251

RD 0999 Unit 2 360 $107,000 $39,000 $166,000$1,566,000 $20,000304

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 5

Land

Cost ($)

RD 0999 Unit 3 990 $246,000 $77,000 $327,000$1,312,000 $4,000305

RD 0150 Unit 2 10,320 $2,654,000 $882,000 $3,751,000$1,358,000 $214,000306

RD 0349 Unit 2 3,430 $871,000 $284,000 $1,206,000$1,340,000 $51,000307

RD 0501 Unit 2 15,990 $3,758,000 $1,210,000 $5,143,000$1,241,000 $175,000308

RD 0501 Unit 3 2,030 $475,000 $152,000 $645,000$1,232,000 $19,000309

RD 0501 Unit 4 600 $142,000 $46,000 $194,000$1,244,000 $7,000310

RD 2068 Unit 2 10,410 $2,679,000 $847,000 $3,599,000$1,359,000 $73,000311

RD 2098 Unit 3 1,020 $214,000 $66,000 $283,000$1,107,000 $2,000312

RD 2098 Unit 2 2,990 $705,000 $218,000 $928,000$1,242,000 $5,000313

RD 2060 Unit 3a 16,330 $4,959,000 $1,535,000 $6,525,000$1,604,000 $30,000314

RD 2060 Unit 2 8,580 $1,985,000 $630,000 $2,676,000$1,222,000 $61,000315

RD 0536 Unit 2 23,740 $5,676,000 $1,760,000 $7,479,000$1,262,000 $44,000316

RD 0150 Unit 3 32,250 $7,900,000 $2,530,000 $10,753,000$1,294,000 $323,000386

RD 0341 Unit 2 9,940 $2,818,000 $885,000 $3,760,000$1,497,000 $57,000387

RD 0349 Unit 3 5,150 $1,130,000 $363,000 $1,542,000$1,158,000 $49,000388

Segment 1036 20,490 $12,750,000 $3,967,000 $16,861,000$3,286,000 $143,0001036

Segment 1040 4,740 $692,000 $225,000 $955,000$770,000 $38,0001040

Snodgrass Slough Right Bank Levee 15,600 $2,766,000 $884,000 $3,758,000$936,000 $107,0001041

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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TABLE 4

NORTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment Segment Name

FG Repair

Cost ($)

Construction Cost

Per

Remediated Mile ($)

Construction

Cost ($)

Owner

Cost ($)

FG

Repair Length

(Feet)

GAR Study Area: 5

Land

Cost ($)

North Fork Mokelumne River Right Bank 48,970 $11,273,000 $3,556,000 $15,112,000$1,215,000 $283,0001043

Subtotals by Area $199,219,000$46,875,000$3,886,000$1,509,000$148,458,000519,360GAR Study Area: 5

Note: FG = Freeboard and Geometry LD = Levee District RD = Reclamation District
Estimates are order of magnitude estimates based upon freeboard and geometry repair lengths specified in the Draft GAR
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Figure 1 Proposed Land Acquisition Approach 

Figure 2 Typical Remediation Details 

Figure 3 Rock Slope Protection 

Figure 4 Freeboard and Geometry Repair 

Figure 5 Remediation Selection Form 

 
 











DWR Non Urban Levee Evaluations (NULE) Program
Selection of Remediation Alternatives for NULE RACER

Segment Identification and Location LAT Data Summary from Draft GAR, Dated June 2010
Segment ID: Deficiency Extent Comments Evaluated By:
Reach No.: (% of Total Length) Area Lead: 
Total Length: (feet)      Date:
Name: Prepared By:
Agency:      Date:
Unit:
Levee Mile:
NULE Stationing:

Select Alternative Parameters for Estimating - Seepage and Stability

Length
Existing 
ROW

See 
Note 1

Crest 
Width Comments

Deficiency From To (Feet) Width "H" "H1" "H" "Wb" "H" "H1" "Wb" "%" "W" "H" "D" "H" "D" "Orch" "Agr" "Res" "Com"

Note 1: Provide the estimated % of levee degrade material that could be reused for levee reconstruction for either the conventional backhoe option or the DSM wall option.

Select Alternative Parameters for Estimating - Rock Slope Protection and Geometry Repairs

Length Comments

Deficiency From To (Feet) Width
Slope 
Length "H" "h1" "Crest" "H" "Orch" "Agr" "Res" "Com"

FIGURE 5

ROW Land Use (%)

Drained 
StabilityBerm Combination Berm

Erosion
Through Seepage
Stability

Rock Slope
Protection

Replacement
Levee

ROW Land Use (%)

Remediation Alternatives Selected

Located Between Seepage Berm

Slurry Wall (Pick Only One)
Conventional 

Backhoe DSM Wall

Potential Failure

Located Between
Existing 
ROW

Geometry
Repair

Categorization

Underseepage
Mode

Right Bank Sta  to Sta
LM to LM 
Unit 
RD



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT 1 
 

LIST OF KEY ESTIMATING ASSUMPTIONS 



ATTACHMENT 1 

KEY ASSUMPTIONS FOR ESTIMATING  
NULE RACER COST MEMORANDUM 

 

NULE RACER Page 1 
Estimating Assumptions  

Assumptions and Discussion 
1. Cost estimate will include project and non-project levees within the Non-Urban Levee Evaluation 

(NULE) project scope for which information is available in the Draft Geotechnical Assessment 
Report (GAR). 

2. Remediation estimates will be prepared for levee segments with composite classifications of “B,” 
“C,” or “LD.” Estimates currently include levee segments with an “LD” classification that could 
become an “A” classification based upon additional information obtained in the future. 

3. Construction cost estimates will be escalated at 3% to October 2011 based upon information 
received in the Central Valley Flood Management Plan (CVFMP)-Urban Levee Evaluation 
(ULE)/NULE coordination meeting held on July 7, 2010.  The 3% value is conservative over the 
near future given the current economic climate. 

4. The NULE Remedial Alternative Cost Estimate Report (RACER) cost estimate to be provided to 
the Department of Water Resources (DWR), will include the cost estimate spreadsheet and several 
pages of text describing the work approach, key assumptions, and limitations. Costs will be 
provided by segment and for the overall project. A summary sheet will list the cost for alternatives 
considered for remediation of a deficiency where alternatives are feasible. The actual format for 
the spreadsheet will be developed as the work progresses through the Technical Approach Team 
meeting process. 

5. Because of the limited information available to evaluate levees for the GAR, the cost estimate will 
be an order-of-magnitude cost estimate comparable to a Class 4 estimate as defined by the 
American Association for the Advancement of Cost Estimating, which can vary in accuracy from 
-30% on the low side to from +20% to +50-percent on the high side.  

6. Preparation of estimates for the CVFMP process may require the addition of other remediation 
measures to the cost estimating tool. These will be added at a later date in a manner mutually 
agreed between DWR and URS. Adding remediation alternatives should not affect the NULE 
RACER cost estimate.  

7. A small percentage (approximately 6%) of levee mileage was not covered in the levee assessment 
tool (LAT)/GAR process due to complete lack of information, lack of authorized access, etc. The 
cost to remediate this mileage will be estimated as a percentage of the cost to remediate similar 
mileage where information is available. As a starting point, the percentage will be based upon the 
ratio of the mileage not evaluated to the total mileage in the program. 

8. Cost estimates for remediation alternatives will include: 
• Direct construction costs 
• Contingencies (30% of construction cost) 
• Design, Engineering costs (15% of construction cost)  
• CM (15% of construction cost) 
• Permitting/Legal (5% of construction cost) (See Items 16 and 17 also) 
• Environmental mitigation (25% or 35% of construction cost) (see Item 32 also) 
• Escalation (3% per year) 

9. The cost estimating tool is currently limited to eight remediation types: drained stability berm; 
seepage berm; combination seepage-stability berm; conventional slurry wall to maximum depth of 
70 feet below working surface; deep soil mixing (DSM) wall for wall more than 70 feet deep 
measured below the working surface; erosion repair; and levee replacement in place; and 
freeboard/geometry.  
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Assumptions and Discussion 
10. The only remediation being considered for waterside erosion is the placement of rock slope 

protection in deficient reaches. The length of slope repair on slope will be six times the landside 
levee height.  The following costs per foot have been prepared for four levee heights: 
 

Levee Height     Slope Length      $ Per Foot 
     5 feet                  30 feet             $523 
   10 feet                  60 feet          $1,070 
   15 feet                  90 feet          $1,642 
   20 feet                 120 feet         $2,240 
 

The estimating tool will interpolate the cost per foot from the above values based on the actual 
levee height where remediation is required.  
 
The lengths of levee to be remediated as specified in the Draft GAR are large and may result in a 
significant remediation cost compared to other deficiencies.  As suggested by DWR, the cost 
memorandum will include a cost to repair all lengths specified in the Draft GAR and a cost to 
repair a lesser length ( 20% of the length specified in the Draft GAR).  The latter cost assumes that 
other areas requiring remediation would be repaired as part of an ongoing maintenance program. 

11. For any remediation requiring additional land acquisition, existing right-of-way (ROW) would be 
estimated from existing readily available data (assessor’s maps, owner contact, fence lines on 
aerials, etc.). In the absence of such data, existing ROW width will be assumed to be zero. For the 
cost estimates provided in the cost memorandum, all estimates assume that no existing easement 
exists due to the general lack of easement data (see cost memorandum Figure 1 for easement 
requirements for estimating). 

12. For any berm-type remediation requiring land acquisition, 20 feet of addition permanent ROW 
will be acquired along the landside toe of the remediation to satisfy planned Central Valley Flood 
Protection Board (CVFPB) easement requirements (see cost memorandum Figure 1). 

13. For any berm remediation requiring additional land acquisition, 5 feet of additional temporary 
easement will be obtained such that the 5-foot temporary easement plus the adjacent 20-foot 
permanent easement for CVFPB will provide a construction easement of 25 feet along the 
landside toe of the remediation (see cost memorandum Figure 1). 

14. For slurry wall or DSM remediations, the 20-foot CVFPB permanent easement (less any existing 
easement) and 5-foot temporary easement will also be obtained along the landside toe of the levee 
(see cost memorandum Figure 1). 

15. No allowance will be included in the estimate for temporary or permanent property acquisition for 
levee segments with an “A” classification (unless freeboard/geometry repair is needed) or for 
reaches within a levee segment where no remediation measures are required based upon the LAT 
and GAR. 

16. Costs for four land use categories are covered in the estimating tool: orchard, agricultural, 
industrial, and residential. Where remediations are required and land acquisition is needed, the 
percentage of each use category will be estimated from aerial photographs or other readily 
available information and a composite cost for temporary/permanent land acquisition based on the 
percentages will be used.  The basic land costs currently being used in the cost estimating tool are: 
 

Agricultural   $10,000 per acre 
Orchard   $30,000 per acre 
Industrial $150,000 per acre 
Residential $300,000 per acre 
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Assumptions and Discussion 
17. The temporary/permanent property acquisition costs described above address the cost of procuring 

the land. In addition, a 5% allowance for legal costs for land acquisition will also be included. The 
percentage will be multiplied by the total direct construction cost to obtain the legal cost 
percentage. Legal costs could be more expensive than the land acquisition cost depending upon 
the amount of land acquired.  

18. Wherever available, the United States Army Corps of Engineers (USACE) 55/57 water surface 
profiles are the design water surfaces for levee remediation evaluations.  Where 55/57 water 
surface information is not available, the design water surface is set at the existing crest level less 3 
feet, or at the 100-year water surface elevation, where appropriate. 

19. Remediation of levee geometry deficiencies is based upon the levee configuration described in the 
1953 Memorandum of Understanding between the USACE (USA) and State of California. In 
summary these configurations are: 3:1 waterside slopes for all levees, 20-foot- or 12-foot-wide 
crest depending upon location, 2.5:1 landside slopes for bypass levees, and 2:1 landside slopes for 
other levees.  

20. Selection of remediation alternatives and extent of remediation required will be based upon 
information in the LAT and GAR wherever possible. Simplifying assumptions would be made 
where information is not available (see seepage berm and slurry wall items below as an example). 
Where specific lengths for required remediation alternatives are not provided in the LAT and 
GAR documentation, or cannot be readily determined, the percentage of total segment length 
requiring remediation as noted in the GAR will be used. 

21. The estimate assumes the use of hydroseeding to revegetate new slopes or restore other areas 
disturbed during construction. The cost for plantings, irrigation systems, fencing, etc., installed as 
part of the emergency levee repair program will not be reflected in the NULE RACER estimate. 

22. For estimating purposes, all slurry walls and DSM walls are assumed to be 36 inches wide 
regardless of depth. 

23. Levee degrade for slurry wall and DSM wall construction is assumed to be 50% of the height of 
the levee measured on the landside, and the 50% degrade is assumed to provide suitable working 
width for equipment. For low height levees (generally 5 feet high or less) that require a cutoff 
wall, the levee section would be removed to existing grade measured on the landside.  

24. Imported or on-site material used to reconstruct levees within the levee prism or to construct 
drained stability berms is assumed to meet current USACE criteria for select levee fill. Material 
used to construct seepage berms (other than drain layers) can be any suitable material. 

25. NULE south will use different borrow rates from NULE north because suitable sandy material for 
berm construction may be more readily available close to project sites. Unit rates for borrow for 
both areas will be included in the cost estimating tool. 
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Assumptions and Discussion 
26. There may be areas where the length of seepage berm or depth of slurry wall cannot be 

determined based upon available information. In this case, an approximation method is used to 
select wall depths and seepage berm widths that would provide comparable levels of protection. 
Selections of wall depth and berm width are based upon landside height of levee and are as 
follows: 
 
No Geotechnical Data Available: 

Select H = Levee height measured from landside toe 
Depth of wall measured from foundation level is 20 feet minimum or 3*H, whichever is 
larger. 
Round result to the nearest higher foot and add H/2 to extend to degrade level and get total 
wall depth for estimating. 

Geotechnical Data Available: 
Select H = Levee height measured from landside toe 
 If aquaclude >70 feet and H<= 23 feet  then stop wall at 70 feet 

Assume 70 feet is measured from degrade level. 
(This assumes going to the maximum wall depth for conventional wall construction)  

 If aquaclude >70 feet and H>23 feet then go to aquaclude + 6 feet toe-in 
Add H/2 to extend to degrade level and get total DSM wall depth for estimating 

27. The cost estimate will not include any allowance for ongoing operation and maintenance costs of 
facilities after remediations are constructed. 

28. The cost to make animal burrow repairs will not be included in the cost estimate. However, the 
documentation for the cost memorandum will include an estimate of the average cost per mile to 
repair such damage based upon DWR experience. DWR will provide the cost to URS for 
incorporation in the report. Areas where heavy rodent damage was noted are documented in the 
LAT and GAR. 

29. For estimating purposes, seepage berms and combined seepage-stability berms include acquiring a 
20-foot-wide strip of land along the full length of the landside toe of berm for a CVFPB easement.  
An additional 5-foot-wide strip of land will be acquired as a temporary easement so that the 
temporary and CVFPB easements together provide a 25-foot-wide easement for construction.  

30. For estimating purposes, all levee sections degraded to construct slurry walls will include a new 
crest road with 6 inches of aggregate base (AB). AB section will be placed above the levee crest 
elevation required for freeboard.  Where paved public roads are known to exist on the crest of a 
levee, an allowance will be included for repaving. 

31. For estimating purposes, levee sections where landside berms are constructed or erosion 
protection is placed will have up to 4 inches of AB added to the crest to supplement existing 
surfacing to address possible deterioration of the existing crest road due to construction activities. 

32. A low environmental mitigation cost factor and a high environmental mitigation cost factor will 
be used.  The low factor will be 25% and the high factor will be 35 percent.  These factors will be 
multiplied by the direct construction cost for a remediation to estimate the environmental 
mitigation cost.  All cost estimates will begin at 25 percent.  A biologist will review available data 
for a levee region (such as state environmental databases, County General Plans, etc.) and 
determine those requiring the higher percentage based upon the possible presence of wetlands, 
wetland indicator species, or threatened or endangered species.  Any main stem levee requiring 
waterside erosion remediation will also be assigned the higher environmental mitigation 
percentage. 
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Chico-Mud Unit 1aSegment/Reach: 45.1 Total Segment/Reach Length (Feet): 23,769

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $4,577,909

Erosion Repair Cost: $4,577,909

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $4,577,909

a

Remediated Length (%): 0

Length (%): 30

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

E

Total Remediation Cost Estimated for Segment/Reach $4,577,90945.1

Chico-Mud Unit 1aSegment/Reach: 45.2 Total Segment/Reach Length (Feet): 13,755

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $20,844,726

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $20,844,726 Total Remediation Cost for Estimate $20,844,726

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $20,844,72645.2

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Chico-Mud Unit 3aSegment/Reach: 47 Total Segment/Reach Length (Feet): 11,414

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $5,515,121

Drained Stability Berm Cost: $0

Seepage Berm Cost: $3,766,822

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,766,822 Total Remediation Cost for Estimate $6,032,951

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,266,129

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $2,266,129

a

Remediated Length (%): 35

Length (%): 0

Length (%): 73

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $1,468,517

Drained Stability Berm Cost: $0

Seepage Berm Cost: $1,136,980

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,136,980 Total Remediation Cost for Estimate $1,986,832

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $849,853

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $849,853

b

Remediated Length (%): 13

Length (%): 0

Length (%): 27

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $375,932

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $375,932

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $375,932

c

Remediated Length (%): 0

Length (%): 0

Length (%): 11

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $491,584

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $491,584

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $491,584

d

Remediated Length (%): 0

Length (%): 0

Length (%): 15

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $8,887,29947

Chico-Mud Unit 3cSegment/Reach: 48.1 Total Segment/Reach Length (Feet): 4,563

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $606,677

Drained Stability Berm Cost: $0

Seepage Berm Cost: $466,324

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $466,324 Total Remediation Cost for Estimate $1,680,332

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,214,008

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,214,008

a

Remediated Length (%): 15

Length (%): 0

Length (%): 100

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Total Remediation Cost Estimated for Segment/Reach $1,680,33248.1

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Chico-Mud Unit 3cSegment/Reach: 48.2 Total Segment/Reach Length (Feet): 5,321

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $2,454,207

Drained Stability Berm Cost: $0

Seepage Berm Cost: $1,970,728

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,970,728 Total Remediation Cost for Estimate $7,371,835

Erosion Repair Cost: $3,985,429

Freeboard/Geometry Cost: $1,415,678

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $5,401,107

a

Remediated Length (%): 49

Length (%): 100

Length (%): 100

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Total Remediation Cost Estimated for Segment/Reach $7,371,83548.2

LD 3-Glenn, Sacramento River (Glenn Co)Segment/Reach: 68 Total Segment/Reach Length (Feet): 63,231

Estimate Run: a

Combo Berm Cost: $32,977,640

Slurry Wall Cost: $63,522,459

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $32,977,640 Total Remediation Cost for Estimate $54,401,215

Erosion Repair Cost: $17,304,217

Freeboard/Geometry Cost: $4,119,359

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $21,423,576

a

Remediated Length (%): 35

Length (%): 20

Length (%): 15

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: b

Combo Berm Cost: $19,267,581

Slurry Wall Cost: $27,714,077

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $19,267,581 Total Remediation Cost for Estimate $19,267,581

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Total Remediation Cost Estimated for Segment/Reach $73,668,79668

Maintenance Area No. 05 - Unit 1Segment/Reach: 103 Total Segment/Reach Length (Feet): 42,050

Estimate Run: a

Combo Berm Cost: $12,365,211

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $12,365,211 Total Remediation Cost for Estimate $28,251,672

Erosion Repair Cost: $11,967,991

Freeboard/Geometry Cost: $3,918,470

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $23,674,600

Category B

Subtotal Other Required Remediation Costs: $15,886,461

a

Remediated Length (%): 20

Length (%): 20

Length (%): 26

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $4,265,667

Drained Stability Berm Cost: $0

Seepage Berm Cost: $2,979,406

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,979,406 Total Remediation Cost for Estimate $8,463,352

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,483,946

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $5,483,946

b

Remediated Length (%): 5

Length (%): 0

Length (%): 44

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $2,481,081

Drained Stability Berm Cost: $0

Seepage Berm Cost: $1,814,938

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,814,938 Total Remediation Cost for Estimate $1,814,938

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 5

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $38,529,962103

Maintenance Area No. 05 - Unit 2cSegment/Reach: 104 Total Segment/Reach Length (Feet): 42,275

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $11,004,506

Drained Stability Berm Cost: $0

Seepage Berm Cost: $8,341,445

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,341,445 Total Remediation Cost for Estimate $36,272,807

Erosion Repair Cost: $22,617,125

Freeboard/Geometry Cost: $5,314,237

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $27,931,362

a

Remediated Length (%): 15

Length (%): 50

Length (%): 35

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $7,518,225

Drained Stability Berm Cost: $0

Seepage Berm Cost: $5,755,341

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,755,341 Total Remediation Cost for Estimate $11,141,567

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,386,226

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $5,386,226

b

Remediated Length (%): 15

Length (%): 0

Length (%): 36

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $4,702,595

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,702,595 Total Remediation Cost for Estimate $4,702,595

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Ss

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $3,849,128

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,849,128 Total Remediation Cost for Estimate $3,849,128

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Ss

Total Remediation Cost Estimated for Segment/Reach $55,966,098104

Maintenance Area No. 13 - Unit 1aSegment/Reach: 108 Total Segment/Reach Length (Feet): 18,163

Estimate Run: a

Combo Berm Cost: $8,703,234

Slurry Wall Cost: $11,745,443

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,703,234 Total Remediation Cost for Estimate $8,703,234

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $6,308,415

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $6,308,415

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $6,308,415

b

Remediated Length (%): 0

Length (%): 0

Length (%): 100

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $15,011,649108

Maintenance Area No. 13 - Unit 2aSegment/Reach: 109 Total Segment/Reach Length (Feet): 19,047

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $11,102,605

Drained Stability Berm Cost: $0

Seepage Berm Cost: $8,413,518

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,413,518 Total Remediation Cost for Estimate $8,413,518

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $6,053,624

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $6,053,624

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $6,053,624

b

Remediated Length (%): 0

Length (%): 0

Length (%): 100

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Total Remediation Cost Estimated for Segment/Reach $14,467,141109

Sacramento River East Levee Unit 1aSegment/Reach: 159 Total Segment/Reach Length (Feet): 17,749

Estimate Run: a

Combo Berm Cost: $15,567,596

Slurry Wall Cost: $22,899,740

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $15,567,596 Total Remediation Cost for Estimate $15,567,596

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 51

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $15,567,596159

Sacramento River East Levee Unit 1b, and Unit 1cSegment/Reach: 160 Total Segment/Reach Length (Feet): 50,080

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $18,681,056

Drained Stability Berm Cost: $0

Seepage Berm Cost: $13,612,484

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,612,484 Total Remediation Cost for Estimate $50,938,688

Erosion Repair Cost: $32,892,544

Freeboard/Geometry Cost: $4,433,660

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $37,326,204

a

Remediated Length (%): 20

Length (%): 50

Length (%): 25

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $11,472,274

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $11,472,274 Total Remediation Cost for Estimate $11,472,274

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $62,410,962160

Sacramento River East Levee Unit 1dSegment/Reach: 161 Total Segment/Reach Length (Feet): 37,511

Estimate Run: a

Combo Berm Cost: $11,604,398

Slurry Wall Cost: $15,539,669

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $11,604,398 Total Remediation Cost for Estimate $28,842,139

Erosion Repair Cost: $13,345,163

Freeboard/Geometry Cost: $3,892,578

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $17,237,742

a

Remediated Length (%): 20

Length (%): 25

Length (%): 35

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,522,184

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,522,184 Total Remediation Cost for Estimate $1,522,184

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 5

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Total Remediation Cost Estimated for Segment/Reach $30,364,323161

Maintenance Area No. 05 - Unit 2bSegment/Reach: 263.1 Total Segment/Reach Length (Feet): 12,225

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $9,865,882

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $9,865,882 Total Remediation Cost for Estimate $24,287,171

Erosion Repair Cost: $7,380,790

Freeboard/Geometry Cost: $7,040,498

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $14,421,288

a

Remediated Length (%): 20

Length (%): 25

Length (%): 75

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $27,553,865

Slurry Wall Cost: $32,268,636

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,553,865 Total Remediation Cost for Estimate $27,553,865

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 80

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $51,841,036263.1

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Maintenance Area No. 05 - Unit 2bSegment/Reach: 263.2 Total Segment/Reach Length (Feet): 12,225

Estimate Run: a

Combo Berm Cost: $13,652,626

Slurry Wall Cost: $16,420,127

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,652,626 Total Remediation Cost for Estimate $20,536,190

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $6,883,564

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $6,883,564

a

Remediated Length (%): 75

Length (%): 0

Length (%): 95

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $6,415,184

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,415,184 Total Remediation Cost for Estimate $6,415,184

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $26,951,373263.2

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Chico-Mud Unit 2aSegment/Reach: 269 Total Segment/Reach Length (Feet): 6,239

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $4,719,279

Drained Stability Berm Cost: $0

Seepage Berm Cost: $3,551,974

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,551,974 Total Remediation Cost for Estimate $3,551,974

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 75

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $3,551,974269

Maintenance Area No. 13 - Unit 2cSegment/Reach: 271 Total Segment/Reach Length (Feet): 6,700

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $2,925,866

Drained Stability Berm Cost: $0

Seepage Berm Cost: $1,945,962

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,945,962 Total Remediation Cost for Estimate $1,945,962

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $4,839,326

Drained Stability Berm Cost: $0

Seepage Berm Cost: $3,268,447

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,268,447 Total Remediation Cost for Estimate $3,268,447

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 70

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $614,445

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $614,445

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $614,445

c

Remediated Length (%): 30

Length (%): 0

Length (%): 30

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $1,214,491

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,214,491

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,214,491

d

Remediated Length (%): 0

Length (%): 0

Length (%): 70

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $7,043,344271

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Maintenance Area No. 13 - Unit 1cSegment/Reach: 272 Total Segment/Reach Length (Feet): 28,098

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,134,368

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,134,368 Total Remediation Cost for Estimate $5,134,368

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $8,182,591

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $8,182,591

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $8,182,591

b

Remediated Length (%): 0

Length (%): 0

Length (%): 90

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $13,316,959272

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Maintenance Area No. 05 - Unit 2aSegment/Reach: 274.1 Total Segment/Reach Length (Feet): 4,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $254,521

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $254,521

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $254,521

a

Remediated Length (%): 0

Length (%): 0

Length (%): 16

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $254,521274.1

Sacramento River East Levee Unit 4, Moulton WeirSegment/Reach: 290 Total Segment/Reach Length (Feet): 1,465

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $393,068

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $393,068

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $393,068

a

Remediated Length (%): 0

Length (%): 0

Length (%): 50

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $393,068290

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Sacramento River East Levee Unit 3, Colusa WeirSegment/Reach: 291 Total Segment/Reach Length (Feet): 12,108

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $13,624,913

Drained Stability Berm Cost: $0

Seepage Berm Cost: $8,908,488

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,908,488 Total Remediation Cost for Estimate $19,512,691

Erosion Repair Cost: $9,940,668

Freeboard/Geometry Cost: $663,535

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $10,604,203

a

Remediated Length (%): 50

Length (%): 50

Length (%): 20

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Total Remediation Cost Estimated for Segment/Reach $19,512,691291

Sacramento River East Levee Unit 2, Colusa WeirSegment/Reach: 292 Total Segment/Reach Length (Feet): 11,565

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $523,602

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $523,602

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $523,602

a

Remediated Length (%): 0

Length (%): 0

Length (%): 15

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $523,602292

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.

Page 17 of 135

ATTACHMENT 2Memorandum December 22, 2010



ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Chico-Mud Unit 2bSegment/Reach: 379 Total Segment/Reach Length (Feet): 21,148

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $6,654,013

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $6,654,013

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $6,654,013

a

Remediated Length (%): 0

Length (%): 0

Length (%): 90

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $391,606

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $391,606

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $391,606

b

Remediated Length (%): 0

Length (%): 0

Length (%): 6

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $7,045,619379

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Maintenance Area No. 05 - Unit 1Segment/Reach: 381.1 Total Segment/Reach Length (Feet): 25,150

Estimate Run: a

Combo Berm Cost: $41,208,802

Slurry Wall Cost: $43,691,737

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $41,208,802 Total Remediation Cost for Estimate $84,825,519

Erosion Repair Cost: $38,543,213

Freeboard/Geometry Cost: $5,073,503

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $43,616,716

a

Remediated Length (%): 80

Length (%): 100

Length (%): 60

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $5,386,688

Drained Stability Berm Cost: $0

Seepage Berm Cost: $4,008,792

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,008,792 Total Remediation Cost for Estimate $5,223,699

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,214,906

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $1,214,906

b

Remediated Length (%): 10

Length (%): 0

Length (%): 10

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $6,224,327

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,224,327 Total Remediation Cost for Estimate $6,224,327

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $96,273,544381.1

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Maintenance Area No. 05 - Unit 1Segment/Reach: 381.2 Total Segment/Reach Length (Feet): 12,450

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $5,133,904

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,133,904

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $5,133,904

a

Remediated Length (%): 0

Length (%): 0

Length (%): 75

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $5,133,904381.2

Maintenance Area No. 13 - Unit 2eSegment/Reach: 383.2 Total Segment/Reach Length (Feet): 22,920

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $8,865,779

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,865,779 Total Remediation Cost for Estimate $8,865,779

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 66

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,922,361

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,922,361 Total Remediation Cost for Estimate $5,922,361

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 34

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $2,738,560

Erosion Repair Cost: $2,738,560

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $2,738,560

c

Remediated Length (%): 0

Length (%): 10

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

E

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $2,488,250

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,488,250

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $2,488,250

d

Remediated Length (%): 0

Length (%): 0

Length (%): 35

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $20,014,950383.2

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Segment 1027Segment/Reach: 1027 Total Segment/Reach Length (Feet): 3,950

Estimate Run: a

Combo Berm Cost: $3,164,138

Slurry Wall Cost: $4,239,922

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,164,138 Total Remediation Cost for Estimate $3,164,138

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $1,037,563

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,037,563

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,037,563

b

Remediated Length (%): 0

Length (%): 0

Length (%): 90

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $4,201,7011027

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Deer Creek Unit 1bSegment/Reach: 54 Total Segment/Reach Length (Feet): 16,325

Estimate Run: a

Combo Berm Cost: $8,096,515

Slurry Wall Cost: $11,102,511

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,096,515 Total Remediation Cost for Estimate $21,043,532

Erosion Repair Cost: $8,384,520

Freeboard/Geometry Cost: $4,562,498

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $12,947,018

a

Remediated Length (%): 60

Length (%): 60

Length (%): 100

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Total Remediation Cost Estimated for Segment/Reach $21,043,53254

Deer Creek Unit 2Segment/Reach: 55 Total Segment/Reach Length (Feet): 7,636

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $3,404,471

Drained Stability Berm Cost: $0

Seepage Berm Cost: $2,466,351

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,466,351 Total Remediation Cost for Estimate $6,457,004

Erosion Repair Cost: $2,451,156

Freeboard/Geometry Cost: $1,539,497

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $3,990,653

a

Remediated Length (%): 47

Length (%): 50

Length (%): 72

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Total Remediation Cost Estimated for Segment/Reach $6,457,00455

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Deer Creek Unit 1aSegment/Reach: 56 Total Segment/Reach Length (Feet): 5,300

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $2,585,297

Erosion Repair Cost: $1,663,140

Freeboard/Geometry Cost: $922,157

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $2,585,297

a

Remediated Length (%): 0

Length (%): 60

Length (%): 75

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

E+FG

Total Remediation Cost Estimated for Segment/Reach $2,585,29756

Elder Creek Unit 4b - Tehama CountySegment/Reach: 57 Total Segment/Reach Length (Feet): 4,930

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $2,478,737

Drained Stability Berm Cost: $0

Seepage Berm Cost: $1,600,494

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,600,494 Total Remediation Cost for Estimate $4,816,405

Erosion Repair Cost: $2,110,040

Freeboard/Geometry Cost: $1,105,870

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $3,215,910

a

Remediated Length (%): 41

Length (%): 50

Length (%): 81

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Total Remediation Cost Estimated for Segment/Reach $4,816,40557

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Elder Creek Unit 4a - Tehama CountySegment/Reach: 58 Total Segment/Reach Length (Feet): 15,928

Estimate Run: a

Combo Berm Cost: $3,878,998

Slurry Wall Cost: $5,529,802

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,878,998 Total Remediation Cost for Estimate $14,786,493

Erosion Repair Cost: $10,907,494

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $10,907,494

a

Remediated Length (%): 39

Length (%): 80

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E

Estimate Run: b

Combo Berm Cost: $2,960,535

Slurry Wall Cost: $3,105,220

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,960,535 Total Remediation Cost for Estimate $2,960,535

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 11

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $17,747,02858

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Elder Creek Unit 5 - Tehama CountySegment/Reach: 59 Total Segment/Reach Length (Feet): 20,363

Estimate Run: a

Combo Berm Cost: $4,003,837

Slurry Wall Cost: $5,810,408

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,003,837 Total Remediation Cost for Estimate $13,358,032

Erosion Repair Cost: $7,625,944

Freeboard/Geometry Cost: $1,728,251

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $9,354,195

a

Remediated Length (%): 31

Length (%): 50

Length (%): 36

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $5,180,210

Slurry Wall Cost: $7,185,265

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,180,210 Total Remediation Cost for Estimate $7,201,740

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,021,530

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $2,021,530

b

Remediated Length (%): 30

Length (%): 0

Length (%): 35

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Total Remediation Cost Estimated for Segment/Reach $20,559,77259

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

LD 1-Glenn, Sacramento RiverSegment/Reach: 65 Total Segment/Reach Length (Feet): 64,720

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $8,216,793

Drained Stability Berm Cost: $0

Seepage Berm Cost: $3,664,489

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,664,489 Total Remediation Cost for Estimate $30,664,686

Erosion Repair Cost: $17,312,600

Freeboard/Geometry Cost: $9,687,597

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $27,000,197

a

Remediated Length (%): 5

Length (%): 25

Length (%): 50

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Estimate Run: b

Combo Berm Cost: $20,173,912

Slurry Wall Cost: $43,826,441

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $20,173,912 Total Remediation Cost for Estimate $20,173,912

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Total Remediation Cost Estimated for Segment/Reach $50,838,59865

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.

Page 27 of 135

ATTACHMENT 2Memorandum December 22, 2010



ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

LD 2-Glenn, Sacramento RiverSegment/Reach: 67 Total Segment/Reach Length (Feet): 25,915

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $23,087,108

Drained Stability Berm Cost: $0

Seepage Berm Cost: $12,840,181

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $12,840,181 Total Remediation Cost for Estimate $13,228,927

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $388,746

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $388,746

a

Remediated Length (%): 30

Length (%): 0

Length (%): 5

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Estimate Run: b

Combo Berm Cost: $9,292,268

Slurry Wall Cost: $15,591,354

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $9,292,268 Total Remediation Cost for Estimate $9,292,268

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Total Remediation Cost Estimated for Segment/Reach $22,521,19567

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Maintenance Area No. 01Segment/Reach: 100 Total Segment/Reach Length (Feet): 13,400

Estimate Run: a

Combo Berm Cost: $8,248,148

Slurry Wall Cost: $6,962,405

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,962,405 Total Remediation Cost for Estimate $6,962,405

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 25

Length (%): 0

Length (%): 25

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,954,147

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,954,147 Total Remediation Cost for Estimate $2,954,147

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $9,916,552100

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Maintenance Area No. 12Segment/Reach: 107 Total Segment/Reach Length (Feet): 60,005

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $43,923,724

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $43,923,724 Total Remediation Cost for Estimate $43,923,724

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 90

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Ss

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $9,932,524

Drained Stability Berm Cost: $4,880,305

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,880,305 Total Remediation Cost for Estimate $4,880,305

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss

Total Remediation Cost Estimated for Segment/Reach $48,804,029107

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

RD 0070 Unit 2Segment/Reach: 115 Total Segment/Reach Length (Feet): 81,845

Estimate Run: a

Combo Berm Cost: $34,313,361

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $34,313,361 Total Remediation Cost for Estimate $34,313,361

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $64,472,762

Category B

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $34,109,007

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $34,109,007 Total Remediation Cost for Estimate $34,109,007

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $25,581,755

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $25,581,755 Total Remediation Cost for Estimate $25,581,755

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $1,061,524

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,061,524

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $1,061,524

d

Remediated Length (%): 0

Length (%): 0

Length (%): 4

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $280,015

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $280,015

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $280,015

e

Remediated Length (%): 0

Length (%): 0

Length (%): 1

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: f

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $73,333,120

Erosion Repair Cost: $73,333,120

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $73,333,120

f

Remediated Length (%): 0

Length (%): 50

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

E

Total Remediation Cost Estimated for Segment/Reach $168,678,782115

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

RD 0108 (Colusa Co, and Yolo Co)Segment/Reach: 116 Total Segment/Reach Length (Feet): 107,483

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $61,195,365

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $61,195,365 Total Remediation Cost for Estimate $128,963,138

Erosion Repair Cost: $59,588,575

Freeboard/Geometry Cost: $8,179,198

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $67,767,773

a

Remediated Length (%): 59

Length (%): 30

Length (%): 21

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $38,566,395

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $38,566,395 Total Remediation Cost for Estimate $44,240,432

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,674,036

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $5,674,036

b

Remediated Length (%): 50

Length (%): 0

Length (%): 14

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $173,203,570116

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

RD 0787Segment/Reach: 137 Total Segment/Reach Length (Feet): 23,477

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $27,607,209

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,607,209 Total Remediation Cost for Estimate $61,846,735

Erosion Repair Cost: $31,553,088

Freeboard/Geometry Cost: $2,686,438

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $34,239,526

a

Remediated Length (%): 100

Length (%): 60

Length (%): 36

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $61,846,735137

RD 1500 Unit 1Segment/Reach: 146 Total Segment/Reach Length (Feet): 174,955

Estimate Run: a

Combo Berm Cost: $334,227,275

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $334,227,275 Total Remediation Cost for Estimate $334,227,275

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $719,274,718

Category B

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $8,403,202

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $8,403,202

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $8,403,202

b

Remediated Length (%): 0

Length (%): 0

Length (%): 15

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $2,957,474

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,957,474

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $2,957,474

c

Remediated Length (%): 0

Length (%): 0

Length (%): 5

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $143,638,055

Erosion Repair Cost: $143,638,055

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $143,638,055

d

Remediated Length (%): 0

Length (%): 50

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

E

Total Remediation Cost Estimated for Segment/Reach $489,226,007146

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

RD 1660 Unit 1Segment/Reach: 149 Total Segment/Reach Length (Feet): 15,270

Estimate Run: a

Combo Berm Cost: $8,696,335

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,696,335 Total Remediation Cost for Estimate $8,696,335

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $16,282,906

Category B

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: b

Combo Berm Cost: $17,392,670

Slurry Wall Cost: $24,068,617

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,392,670 Total Remediation Cost for Estimate $17,392,670

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 60

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $7,522,002

Erosion Repair Cost: $7,522,002

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $7,522,002

c

Remediated Length (%): 0

Length (%): 30

Length (%): 0

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

E

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $243,750

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $243,750

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $243,750

d

Remediated Length (%): 0

Length (%): 0

Length (%): 5

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $258,127

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $258,127

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $258,127

e

Remediated Length (%): 0

Length (%): 0

Length (%): 5

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $34,112,883149

Sacramento River West Side Levee DistrictSegment/Reach: 158 Total Segment/Reach Length (Feet): 139,273

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $200,467,499

Drained Stability Berm Cost: $152,313,553

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $152,313,553 Total Remediation Cost for Estimate $298,786,106

Erosion Repair Cost: $112,309,747

Freeboard/Geometry Cost: $34,162,806

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $146,472,553

a

Remediated Length (%): 50

Length (%): 40

Length (%): 50

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Total Remediation Cost Estimated for Segment/Reach $298,786,106158

Tisdale Bypass Unit 1 - north bankSegment/Reach: 165 Total Segment/Reach Length (Feet): 23,674

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $17,534,725

Drained Stability Berm Cost: $0

Seepage Berm Cost: $11,871,130

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $11,871,130 Total Remediation Cost for Estimate $11,871,130

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: b

Combo Berm Cost: $24,235,746

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $24,235,746 Total Remediation Cost for Estimate $24,235,746

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $46,442,920

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 60

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $5,861,045

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,861,045

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $5,861,045

c

Remediated Length (%): 0

Length (%): 0

Length (%): 70

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Total Remediation Cost Estimated for Segment/Reach $41,967,921165

Tisdale Bypass Unit 2 - south bankSegment/Reach: 166 Total Segment/Reach Length (Feet): 23,380

Estimate Run: a

Combo Berm Cost: $36,645,795

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $36,645,795 Total Remediation Cost for Estimate $36,645,795

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $63,585,842

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 60

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: b

Combo Berm Cost: $17,349,675

Slurry Wall Cost: $27,766,715

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,349,675 Total Remediation Cost for Estimate $17,349,675

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $7,586,663

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $7,586,663

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $7,586,663

c

Remediated Length (%): 0

Length (%): 0

Length (%): 90

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Total Remediation Cost Estimated for Segment/Reach $61,582,133166

RD 1660 Unit 2Segment/Reach: 248 Total Segment/Reach Length (Feet): 48,163

Estimate Run: a

Combo Berm Cost: $50,776,335

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $50,776,335 Total Remediation Cost for Estimate $50,776,335

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $83,453,784

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $10,588,083

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,588,083 Total Remediation Cost for Estimate $10,588,083

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Sn

Estimate Run: c

Combo Berm Cost: $53,055,183

Slurry Wall Cost: $61,787,899

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $53,055,183 Total Remediation Cost for Estimate $53,055,183

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $9,646,149

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $9,646,149

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $9,646,149

d

Remediated Length (%): 0

Length (%): 0

Length (%): 60

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $6,086,311

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $6,086,311

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $6,086,311

e

Remediated Length (%): 0

Length (%): 0

Length (%): 40

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $130,152,061248

Maintenance Area No. 01Segment/Reach: 286 Total Segment/Reach Length (Feet): 29,425

Estimate Run: a

Combo Berm Cost: $27,770,569

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,770,569 Total Remediation Cost for Estimate $27,770,569

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Total Remediation Cost Estimated for Segment/Reach $27,770,569286

Sacramento River West Side Levee DistrictSegment/Reach: 287 Total Segment/Reach Length (Feet): 28,116

Estimate Run: a

Combo Berm Cost: $53,511,234

Slurry Wall Cost: $72,903,995

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $53,511,234 Total Remediation Cost for Estimate $85,001,154

Erosion Repair Cost: $31,489,920

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $31,489,920

a

Remediated Length (%): 75

Length (%): 50

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E

Estimate Run: b

Combo Berm Cost: $17,739,227

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,739,227 Total Remediation Cost for Estimate $17,739,227

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $31,633,640

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Total Remediation Cost Estimated for Segment/Reach $102,740,381287

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Sacramento River West Side Levee DistrictSegment/Reach: 288 Total Segment/Reach Length (Feet): 93,205

Estimate Run: a

Combo Berm Cost: $41,877,837

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $41,877,837 Total Remediation Cost for Estimate $137,239,013

Erosion Repair Cost: $93,950,640

Freeboard/Geometry Cost: $1,410,536

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $71,819,018

Category B

Subtotal Other Required Remediation Costs: $95,361,176

a

Remediated Length (%): 20

Length (%): 50

Length (%): 5

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $38,936,958

Drained Stability Berm Cost: $0

Seepage Berm Cost: $28,943,221

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $28,943,221 Total Remediation Cost for Estimate $28,943,221

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $166,182,235288

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

RD 0070 Unit 1Segment/Reach: 293 Total Segment/Reach Length (Feet): 41,799

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $34,736,021

Drained Stability Berm Cost: $0

Seepage Berm Cost: $26,139,467

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $26,139,467 Total Remediation Cost for Estimate $26,139,467

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: b

Combo Berm Cost: $92,769,167

Slurry Wall Cost: $114,020,424

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $92,769,167 Total Remediation Cost for Estimate $92,769,167

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 75

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $9,125,804

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $9,125,804

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $9,125,804

c

Remediated Length (%): 0

Length (%): 0

Length (%): 55

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $128,034,438293

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

RD 1500 Unit 2Segment/Reach: 294 Total Segment/Reach Length (Feet): 109,495

Estimate Run: a

Combo Berm Cost: $171,061,723

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $171,061,723 Total Remediation Cost for Estimate $171,061,723

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $276,775,235

Category B

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: b

Combo Berm Cost: $171,061,723

Slurry Wall Cost: $207,729,111

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $171,061,723 Total Remediation Cost for Estimate $171,061,723

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $17,054,612

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $17,054,612

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $17,054,612

c

Remediated Length (%): 0

Length (%): 0

Length (%): 40

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 2

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $20,774,096

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $20,774,096

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $20,774,096

d

Remediated Length (%): 0

Length (%): 0

Length (%): 60

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $147,161,280

Erosion Repair Cost: $147,161,280

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $147,161,280

e

Remediated Length (%): 0

Length (%): 60

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

E

Total Remediation Cost Estimated for Segment/Reach $527,113,434294

Maintenance Area No. 01Segment/Reach: 380 Total Segment/Reach Length (Feet): 45,875

Estimate Run: a

Combo Berm Cost: $27,836,494

Slurry Wall Cost: $47,183,260

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,836,494 Total Remediation Cost for Estimate $48,035,011

Erosion Repair Cost: $18,831,688

Freeboard/Geometry Cost: $1,366,829

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $20,198,517

a

Remediated Length (%): 35

Length (%): 25

Length (%): 10

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 2

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $54,113,897

Drained Stability Berm Cost: $0

Seepage Berm Cost: $30,092,865

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $30,092,865 Total Remediation Cost for Estimate $30,092,865

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $78,127,876380

Marysville Unit 3 (NE extension)Segment/Reach: 52.1 Total Segment/Reach Length (Feet): 20,147

Estimate Run: a

Combo Berm Cost: $10,380,972

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,380,972 Total Remediation Cost for Estimate $10,380,972

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $14,920,505

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: b

Combo Berm Cost: $13,895,320

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,895,320 Total Remediation Cost for Estimate $13,895,320

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $26,938,100

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 35

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: c

Combo Berm Cost: $3,970,091

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,970,091 Total Remediation Cost for Estimate $3,970,091

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $7,696,600

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $4,562,119

Drained Stability Berm Cost: $0

Seepage Berm Cost: $3,052,302

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,052,302 Total Remediation Cost for Estimate $3,052,302

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $3,262,251

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,262,251

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $3,262,251

e

Remediated Length (%): 0

Length (%): 0

Length (%): 40

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

Estimate Run: f

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $649,429

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $649,429

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $649,429

f

Remediated Length (%): 0

Length (%): 0

Length (%): 10

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $35,210,36652.1

Honcut Creek Area - EasternSegment/Reach: 62 Total Segment/Reach Length (Feet): 7,741

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $2,670,394

Drained Stability Berm Cost: $1,962,737

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,962,737 Total Remediation Cost for Estimate $1,962,737

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $3,775,426

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,775,426

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $3,775,426

b

Remediated Length (%): 0

Length (%): 0

Length (%): 80

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

Total Remediation Cost Estimated for Segment/Reach $5,738,16362

Maintenance Area No. 03Segment/Reach: 101 Total Segment/Reach Length (Feet): 11,600

Estimate Run: a

Combo Berm Cost: $18,599,572

Slurry Wall Cost: $21,219,681

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,599,572 Total Remediation Cost for Estimate $31,591,572

Erosion Repair Cost: $12,992,000

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $12,992,000

a

Remediated Length (%): 50

Length (%): 50

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $13,848,302

Drained Stability Berm Cost: $3,605,745

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,605,745 Total Remediation Cost for Estimate $3,605,745

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $35,197,317101

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

RD 0010 Unit 1Segment/Reach: 114 Total Segment/Reach Length (Feet): 40,406

Estimate Run: a

Combo Berm Cost: $24,598,520

Slurry Wall Cost: $20,178,076

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $20,178,076 Total Remediation Cost for Estimate $20,178,076

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: b

Combo Berm Cost: $18,712,160

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,712,160 Total Remediation Cost for Estimate $18,712,160

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $27,237,114

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $18,393,073

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,393,073 Total Remediation Cost for Estimate $18,393,073

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 35

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $4,401,882

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,401,882 Total Remediation Cost for Estimate $4,401,882

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $5,428,847

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,428,847

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $5,428,847

e

Remediated Length (%): 0

Length (%): 0

Length (%): 35

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: f

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $5,264,153

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,264,153

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $5,264,153

f

Remediated Length (%): 0

Length (%): 0

Length (%): 40

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $72,378,192114

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

RD 0784 Unit 3bSegment/Reach: 135 Total Segment/Reach Length (Feet): 7,392

Estimate Run: a

Combo Berm Cost: $10,945,492

Slurry Wall Cost: $14,613,621

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,945,492 Total Remediation Cost for Estimate $15,696,245

Erosion Repair Cost: $2,649,293

Freeboard/Geometry Cost: $2,101,460

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $4,750,753

a

Remediated Length (%): 80

Length (%): 20

Length (%): 78

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $2,439,490

Drained Stability Berm Cost: $0

Seepage Berm Cost: $2,540,820

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,439,490 Total Remediation Cost for Estimate $2,439,490

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $18,135,734135

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

RD 0817 Unit 1Segment/Reach: 138 Total Segment/Reach Length (Feet): 20,160

Estimate Run: a

Combo Berm Cost: $15,000,061

Slurry Wall Cost: $19,526,980

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $15,000,061 Total Remediation Cost for Estimate $22,153,094

Erosion Repair Cost: $6,620,544

Freeboard/Geometry Cost: $532,489

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $7,153,033

a

Remediated Length (%): 42

Length (%): 25

Length (%): 13

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $5,564,399

Slurry Wall Cost: $7,424,301

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,564,399 Total Remediation Cost for Estimate $5,564,399

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 42

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $27,717,493138

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

RD 1001 Unit 1Segment/Reach: 144 Total Segment/Reach Length (Feet): 22,176

Estimate Run: a

Combo Berm Cost: $11,941,657

Slurry Wall Cost: $15,471,469

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $11,941,657 Total Remediation Cost for Estimate $12,095,251

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $153,594

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $153,594

a

Remediated Length (%): 52

Length (%): 0

Length (%): 2

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Estimate Run: b

Combo Berm Cost: $20,384,068

Slurry Wall Cost: $18,540,079

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,540,079 Total Remediation Cost for Estimate $18,847,265

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $307,187

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $307,187

b

Remediated Length (%): 48

Length (%): 0

Length (%): 5

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $252,052

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $252,052

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $252,052

c

Remediated Length (%): 0

Length (%): 0

Length (%): 5

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $31,194,568144

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

RD 1001 Unit 2Segment/Reach: 145 Total Segment/Reach Length (Feet): 19,235

Estimate Run: a

Combo Berm Cost: $14,489,269

Slurry Wall Cost: $18,921,113

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $14,489,269 Total Remediation Cost for Estimate $18,202,738

Erosion Repair Cost: $2,737,269

Freeboard/Geometry Cost: $976,200

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $3,713,468

a

Remediated Length (%): 50

Length (%): 10

Length (%): 14

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $3,962,916

Drained Stability Berm Cost: $0

Seepage Berm Cost: $2,957,182

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,957,182 Total Remediation Cost for Estimate $2,957,182

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: c

Combo Berm Cost: $3,128,311

Slurry Wall Cost: $4,135,868

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,128,311 Total Remediation Cost for Estimate $3,128,311

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss

Total Remediation Cost Estimated for Segment/Reach $24,288,231145

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

RD 2103 Unit 1bSegment/Reach: 154 Total Segment/Reach Length (Feet): 17,950

Estimate Run: a

Combo Berm Cost: $18,598,421

Slurry Wall Cost: $24,814,949

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,598,421 Total Remediation Cost for Estimate $24,187,181

Erosion Repair Cost: $5,185,755

Freeboard/Geometry Cost: $403,005

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $5,588,760

a

Remediated Length (%): 100

Length (%): 30

Length (%): 12

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Total Remediation Cost Estimated for Segment/Reach $24,187,181154

Sutter Bypass - East Levee - northSegment/Reach: 163 Total Segment/Reach Length (Feet): 22,700

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $51,415,694

Drained Stability Berm Cost: $0

Seepage Berm Cost: $42,618,540

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $42,618,540 Total Remediation Cost for Estimate $57,302,439

Erosion Repair Cost: $12,712,000

Freeboard/Geometry Cost: $1,971,899

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category LD

Subtotal Other Required Remediation Costs: $14,683,899

a

Remediated Length (%): 75

Length (%): 25

Length (%): 25

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,396,991

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,396,991 Total Remediation Cost for Estimate $6,396,991

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category LD

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $63,699,430163

Sutter Bypass - East Levee - southSegment/Reach: 164 Total Segment/Reach Length (Feet): 72,900

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $60,898,446

Drained Stability Berm Cost: $0

Seepage Berm Cost: $42,247,559

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $42,247,559 Total Remediation Cost for Estimate $103,654,049

Erosion Repair Cost: $48,988,800

Freeboard/Geometry Cost: $12,417,689

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $61,406,489

a

Remediated Length (%): 25

Length (%): 30

Length (%): 50

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $18,514,109

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,514,109 Total Remediation Cost for Estimate $18,514,109

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

Estimate Run: c

Combo Berm Cost: $45,383,867

Slurry Wall Cost: $60,898,446

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $45,383,867 Total Remediation Cost for Estimate $45,383,867

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: d

Combo Berm Cost: $45,383,867

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $45,383,867 Total Remediation Cost for Estimate $45,383,867

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $79,717,240

Category B

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Total Remediation Cost Estimated for Segment/Reach $212,935,891164

Wadsworth Canal Unit 1Segment/Reach: 167 Total Segment/Reach Length (Feet): 11,600

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $6,071,056

Drained Stability Berm Cost: $0

Seepage Berm Cost: $2,193,851

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,193,851 Total Remediation Cost for Estimate $17,377,659

Erosion Repair Cost: $11,170,800

Freeboard/Geometry Cost: $4,013,008

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $15,183,808

a

Remediated Length (%): 20

Length (%): 100

Length (%): 100

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

Total Remediation Cost Estimated for Segment/Reach $17,377,659167

Wadsworth Canal Unit 2Segment/Reach: 168 Total Segment/Reach Length (Feet): 24,300

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $38,109,621

Drained Stability Berm Cost: $0

Seepage Berm Cost: $27,033,756

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,033,756 Total Remediation Cost for Estimate $84,714,910

Erosion Repair Cost: $54,432,000

Freeboard/Geometry Cost: $3,249,155

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $57,681,155

a

Remediated Length (%): 52

Length (%): 100

Length (%): 35

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $10,311,546

Drained Stability Berm Cost: $6,359,540

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,359,540 Total Remediation Cost for Estimate $6,359,540

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $91,074,451168

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

RD 1001 Unit 3, and Unit 3aSegment/Reach: 246 Total Segment/Reach Length (Feet): 49,632

Estimate Run: a

Combo Berm Cost: $29,392,104

Slurry Wall Cost: $37,933,925

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $29,392,104 Total Remediation Cost for Estimate $66,397,038

Erosion Repair Cost: $28,251,858

Freeboard/Geometry Cost: $8,753,076

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $37,004,934

a

Remediated Length (%): 47

Length (%): 40

Length (%): 47

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $23,887,569

Slurry Wall Cost: $32,164,712

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $23,887,569 Total Remediation Cost for Estimate $31,466,320

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $7,578,751

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $7,578,751

b

Remediated Length (%): 28

Length (%): 0

Length (%): 40

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Estimate Run: c

Combo Berm Cost: $10,363,058

Slurry Wall Cost: $13,953,901

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,363,058 Total Remediation Cost for Estimate $10,363,058

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 12

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: d

Combo Berm Cost: $13,667,009

Slurry Wall Cost: $19,547,351

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,667,009 Total Remediation Cost for Estimate $13,667,009

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 13

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Total Remediation Cost Estimated for Segment/Reach $121,893,425246

RD 1001 Unit 4Segment/Reach: 247 Total Segment/Reach Length (Feet): 70,224

Estimate Run: a

Combo Berm Cost: $220,406,035

Slurry Wall Cost: $248,127,676

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $1,870,407

Minimum Alternative Remediation Cost: $1,870,407 Total Remediation Cost for Estimate $80,521,287

Erosion Repair Cost: $78,650,880

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $78,650,880

a

Remediated Length (%): 94

Length (%): 50

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+E+FG

Estimate Run: b

Combo Berm Cost: $19,240,163

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $35,525,524

Replace Levee Cost: $4,948,260

Minimum Alternative Remediation Cost: $4,948,260 Total Remediation Cost for Estimate $4,948,260

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 6

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $3,740,814

Minimum Alternative Remediation Cost: $3,740,814 Total Remediation Cost for Estimate $3,740,814

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 1

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $5,160,853

Minimum Alternative Remediation Cost: $5,160,853 Total Remediation Cost for Estimate $5,160,853

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 2

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG

Total Remediation Cost Estimated for Segment/Reach $94,371,213247

RD 0010 Unit 3Segment/Reach: 275 Total Segment/Reach Length (Feet): 14,848

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,317,635

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,317,635 Total Remediation Cost for Estimate $1,317,635

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: b

Combo Berm Cost: $690,821

Slurry Wall Cost: $2,044,700

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $690,821 Total Remediation Cost for Estimate $690,821

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 5

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,693,543

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,693,543 Total Remediation Cost for Estimate $5,693,543

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 55

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Estimate Run: d

Combo Berm Cost: $3,937,665

Slurry Wall Cost: $10,223,502

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,937,665 Total Remediation Cost for Estimate $3,937,665

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $861,319

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $861,319

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $861,319

e

Remediated Length (%): 0

Length (%): 0

Length (%): 15

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $12,500,983275

RD 0784 Unit 6Segment/Reach: 281 Total Segment/Reach Length (Feet): 7,920

Estimate Run: a

Combo Berm Cost: $6,341,191

Slurry Wall Cost: $8,549,304

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,341,191 Total Remediation Cost for Estimate $6,341,191

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $6,341,191281

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

RD 1001 Unit 3bSegment/Reach: 283 Total Segment/Reach Length (Feet): 16,632

Estimate Run: a

Combo Berm Cost: $3,792,010

Slurry Wall Cost: $5,398,301

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,792,010 Total Remediation Cost for Estimate $23,118,648

Erosion Repair Cost: $18,627,840

Freeboard/Geometry Cost: $698,799

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $19,326,639

a

Remediated Length (%): 11

Length (%): 50

Length (%): 11

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+E+FG

Estimate Run: b

Combo Berm Cost: $5,161,079

Slurry Wall Cost: $5,928,074

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,161,079 Total Remediation Cost for Estimate $5,161,079

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 9

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Total Remediation Cost Estimated for Segment/Reach $28,279,728283

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

RD 1001 Unit 5Segment/Reach: 284 Total Segment/Reach Length (Feet): 28,512

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $23,342,382

Drained Stability Berm Cost: $0

Seepage Berm Cost: $16,391,504

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $16,391,504 Total Remediation Cost for Estimate $80,258,384

Erosion Repair Cost: $63,866,880

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $63,866,880

a

Remediated Length (%): 25

Length (%): 100

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E

Estimate Run: b

Combo Berm Cost: $17,858,772

Slurry Wall Cost: $23,342,382

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,858,772 Total Remediation Cost for Estimate $17,858,772

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,902,200

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,902,200 Total Remediation Cost for Estimate $7,902,200

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Estimate Run: d

Combo Berm Cost: $17,858,772

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,858,772 Total Remediation Cost for Estimate $17,858,772

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $31,207,754

Category C

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Total Remediation Cost Estimated for Segment/Reach $123,878,128284

RD 1001 Unit 6Segment/Reach: 285 Total Segment/Reach Length (Feet): 24,816

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $11,682,417

Drained Stability Berm Cost: $0

Seepage Berm Cost: $8,649,689

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,649,689 Total Remediation Cost for Estimate $8,649,689

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $4,853,130

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,853,130 Total Remediation Cost for Estimate $4,853,130

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 3

Total Remediation Cost Estimated for Segment/Reach $13,502,820285

RD 0010 Unit 2Segment/Reach: 385 Total Segment/Reach Length (Feet): 60,039

Estimate Run: a

Combo Berm Cost: $57,942,344

Slurry Wall Cost: $89,865,528

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $57,942,344 Total Remediation Cost for Estimate $57,942,344

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 45

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $15,349,628

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $15,349,628 Total Remediation Cost for Estimate $15,349,628

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $26,365,295

Drained Stability Berm Cost: $0

Seepage Berm Cost: $12,682,492

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $12,682,492 Total Remediation Cost for Estimate $12,682,492

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $1,424,875

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,424,875

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,424,875

d

Remediated Length (%): 0

Length (%): 0

Length (%): 7

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Estimate Run: e

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $3,470,738

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,470,738

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $3,470,738

e

Remediated Length (%): 0

Length (%): 0

Length (%): 18

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $90,870,077385

RD 0784 Unit 5bSegment/Reach: 392 Total Segment/Reach Length (Feet): 22,176

Estimate Run: a

Combo Berm Cost: $12,610,927

Slurry Wall Cost: $17,104,061

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $12,610,927 Total Remediation Cost for Estimate $24,532,745

Erosion Repair Cost: $11,921,818

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $11,921,818

a

Remediated Length (%): 30

Length (%): 30

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 3

Total Remediation Cost Estimated for Segment/Reach $24,532,745392

Cache Creek - Yolo County Unit 1bSegment/Reach: 41 Total Segment/Reach Length (Feet): 61,700

Estimate Run: a

Combo Berm Cost: $60,923,820

Slurry Wall Cost: $68,122,743

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $60,923,820 Total Remediation Cost for Estimate $167,421,070

Erosion Repair Cost: $94,557,307

Freeboard/Geometry Cost: $11,939,943

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $106,497,250

a

Remediated Length (%): 51

Length (%): 100

Length (%): 51

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $41,343,293

Slurry Wall Cost: $54,674,387

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $41,343,293 Total Remediation Cost for Estimate $42,797,229

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,453,936

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $1,453,936

b

Remediated Length (%): 49

Length (%): 0

Length (%): 13

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Total Remediation Cost Estimated for Segment/Reach $210,218,29941

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Middle Creek - Unit 2aSegment/Reach: 77 Total Segment/Reach Length (Feet): 3,302

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $1,083,479

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,083,479

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,083,479

a

Remediated Length (%): 0

Length (%): 0

Length (%): 61

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $1,083,47977

Middle Creek - Unit 1aSegment/Reach: 78 Total Segment/Reach Length (Feet): 5,680

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,438,151

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,438,151 Total Remediation Cost for Estimate $6,204,918

Erosion Repair Cost: $2,227,980

Freeboard/Geometry Cost: $2,538,787

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $4,766,767

a

Remediated Length (%): 60

Length (%): 75

Length (%): 100

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+E+FG

Total Remediation Cost Estimated for Segment/Reach $6,204,91878

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Middle Creek - Unit 3 - Scotts CreekSegment/Reach: 80 Total Segment/Reach Length (Feet): 13,072

Estimate Run: a

Combo Berm Cost: $3,749,590

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,749,590 Total Remediation Cost for Estimate $6,308,625

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,559,036

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $7,606,571

Category A

Subtotal Other Required Remediation Costs: $2,559,036

a

Remediated Length (%): 38

Length (%): 0

Length (%): 38

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,135,134

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,135,134 Total Remediation Cost for Estimate $2,158,748

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,023,614

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,023,614

b

Remediated Length (%): 15

Length (%): 0

Length (%): 15

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+FG

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,281,928

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,281,928 Total Remediation Cost for Estimate $5,636,589

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,354,661

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $3,354,661

c

Remediated Length (%): 31

Length (%): 0

Length (%): 46

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Ss+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,140,964

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,140,964 Total Remediation Cost for Estimate $1,140,964

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 15

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $15,244,92680

Middle Creek - Unit 1eSegment/Reach: 81.1 Total Segment/Reach Length (Feet): 3,820

Estimate Run: a

Combo Berm Cost: $1,151,462

Slurry Wall Cost: $1,154,879

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,151,462 Total Remediation Cost for Estimate $3,068,704

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,917,242

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,917,242

a

Remediated Length (%): 20

Length (%): 0

Length (%): 100

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,932,941

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,932,941 Total Remediation Cost for Estimate $2,932,941

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 80

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Ss

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Total Remediation Cost Estimated for Segment/Reach $6,001,64581.1

Middle Creek - Unit 1eSegment/Reach: 81.2 Total Segment/Reach Length (Feet): 13,261

Estimate Run: a

Combo Berm Cost: $15,725,105

Slurry Wall Cost: $19,044,812

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $15,725,105 Total Remediation Cost for Estimate $36,297,332

Erosion Repair Cost: $14,189,270

Freeboard/Geometry Cost: $6,382,957

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $20,572,227

a

Remediated Length (%): 100

Length (%): 100

Length (%): 100

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+E+FG

Total Remediation Cost Estimated for Segment/Reach $36,297,33281.2

Putah Creek Unit 2 - south bankSegment/Reach: 112 Total Segment/Reach Length (Feet): 41,850

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $30,475,385

Drained Stability Berm Cost: $0

Seepage Berm Cost: $18,871,481

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,871,481 Total Remediation Cost for Estimate $28,085,402

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $9,213,921

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $9,213,921

a

Remediated Length (%): 30

Length (%): 0

Length (%): 50

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.

Page 75 of 135

ATTACHMENT 2Memorandum December 22, 2010



ATTACHMENT 2
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $40,836,546

Drained Stability Berm Cost: $0

Seepage Berm Cost: $25,287,494

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $25,287,494 Total Remediation Cost for Estimate $25,287,494

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $53,372,895112

RD 0537 Unit 1 - northh of Sac BypassSegment/Reach: 124 Total Segment/Reach Length (Feet): 19,500

Estimate Run: a

Combo Berm Cost: $47,488,761

Slurry Wall Cost: $61,145,136

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $47,488,761 Total Remediation Cost for Estimate $63,213,561

Erosion Repair Cost: $15,724,800

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $15,724,800

a

Remediated Length (%): 100

Length (%): 40

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E

Total Remediation Cost Estimated for Segment/Reach $63,213,561124

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

RD 0785 Unit 1Segment/Reach: 136 Total Segment/Reach Length (Feet): 11,610

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $36,951,122

Drained Stability Berm Cost: $0

Seepage Berm Cost: $29,083,111

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $29,083,111 Total Remediation Cost for Estimate $40,785,991

Erosion Repair Cost: $11,702,880

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $11,702,880

a

Remediated Length (%): 100

Length (%): 50

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Total Remediation Cost Estimated for Segment/Reach $40,785,991136

RD 0827 Unit 1Segment/Reach: 139 Total Segment/Reach Length (Feet): 7,390

Estimate Run: a

Combo Berm Cost: $17,315,018

Slurry Wall Cost: $23,941,805

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,315,018 Total Remediation Cost for Estimate $26,779,364

Erosion Repair Cost: $9,270,016

Freeboard/Geometry Cost: $194,330

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $9,464,346

a

Remediated Length (%): 100

Length (%): 70

Length (%): 7

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Total Remediation Cost Estimated for Segment/Reach $26,779,364139

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

RD 1600 Unit 1Segment/Reach: 147 Total Segment/Reach Length (Feet): 54,910

Estimate Run: a

Combo Berm Cost: $108,539,695

Slurry Wall Cost: $149,785,855

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $108,539,695 Total Remediation Cost for Estimate $210,963,989

Erosion Repair Cost: $98,398,720

Freeboard/Geometry Cost: $4,025,574

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $102,424,294

a

Remediated Length (%): 100

Length (%): 100

Length (%): 19

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+E+FG

Total Remediation Cost Estimated for Segment/Reach $210,963,989147

RD 2035 Unit 2 - Yolo BypassSegment/Reach: 150 Total Segment/Reach Length (Feet): 16,400

Estimate Run: a

Combo Berm Cost: $30,625,234

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $30,625,234 Total Remediation Cost for Estimate $66,747,623

Erosion Repair Cost: $31,225,600

Freeboard/Geometry Cost: $4,896,789

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $60,194,484

Category C

Subtotal Other Required Remediation Costs: $36,122,389

a

Remediated Length (%): 100

Length (%): 100

Length (%): 100

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $66,747,623150

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 4

Sacramento Bypass Unit 1 - north bankSegment/Reach: 156.1 Total Segment/Reach Length (Feet): 6,330

Estimate Run: a

Combo Berm Cost: $15,854,992

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $52,707,497

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $15,854,992 Total Remediation Cost for Estimate $15,854,992

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Total Remediation Cost Estimated for Segment/Reach $15,854,992156.1

Sacramento Bypass Unit 1 - north bankSegment/Reach: 156.2 Total Segment/Reach Length (Feet): 3,050

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $3,380,326

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,380,326 Total Remediation Cost for Estimate $6,113,126

Erosion Repair Cost: $2,732,800

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $2,732,800

a

Remediated Length (%): 100

Length (%): 40

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E

Total Remediation Cost Estimated for Segment/Reach $6,113,126156.2

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Service Area 6 - Yolo CountySegment/Reach: 162 Total Segment/Reach Length (Feet): 30,533

Estimate Run: a

Combo Berm Cost: $45,390,922

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $45,390,922 Total Remediation Cost for Estimate $63,898,279

Erosion Repair Cost: $15,040,556

Freeboard/Geometry Cost: $3,466,801

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $81,687,872

Category B

Subtotal Other Required Remediation Costs: $18,507,357

a

Remediated Length (%): 80

Length (%): 30

Length (%): 30

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,865,766

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,865,766 Total Remediation Cost for Estimate $2,865,766

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 9

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Sn

Total Remediation Cost Estimated for Segment/Reach $66,764,045162

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 4

Willow Slough Bypass Unit 1 - north bankSegment/Reach: 169 Total Segment/Reach Length (Feet): 26,650

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $5,437,516

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,437,516

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $5,437,516

a

Remediated Length (%): 0

Length (%): 0

Length (%): 40

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $5,437,516169

Yolo Bypass East LeveeSegment/Reach: 171 Total Segment/Reach Length (Feet): 10,560

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,399,284

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,399,284 Total Remediation Cost for Estimate $33,664,449

Erosion Repair Cost: $23,654,400

Freeboard/Geometry Cost: $3,610,764

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $27,265,164

a

Remediated Length (%): 50

Length (%): 100

Length (%): 85

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 4

Estimate Run: b

Combo Berm Cost: $14,189,962

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $14,189,962 Total Remediation Cost for Estimate $14,189,962

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $24,027,978

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Total Remediation Cost Estimated for Segment/Reach $47,854,411171

Yolo Bypass West Levee Unit 1Segment/Reach: 172 Total Segment/Reach Length (Feet): 13,805

Estimate Run: a

Combo Berm Cost: $20,907,594

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $20,907,594 Total Remediation Cost for Estimate $35,270,868

Erosion Repair Cost: $9,276,960

Freeboard/Geometry Cost: $5,086,314

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $40,900,002

Category B

Subtotal Other Required Remediation Costs: $14,363,274

a

Remediated Length (%): 70

Length (%): 30

Length (%): 100

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,435,748

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,435,748 Total Remediation Cost for Estimate $1,435,748

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Total Remediation Cost Estimated for Segment/Reach $36,706,615172

Yolo Bypass West Levee Unit 2Segment/Reach: 173 Total Segment/Reach Length (Feet): 7,963

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,481,170

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,481,170 Total Remediation Cost for Estimate $25,008,329

Erosion Repair Cost: $16,053,408

Freeboard/Geometry Cost: $1,473,750

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $17,527,158

a

Remediated Length (%): 100

Length (%): 100

Length (%): 50

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $25,008,329173

Yolo Bypass West Levee Unit 3Segment/Reach: 174 Total Segment/Reach Length (Feet): 7,529

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,818,479

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,818,479 Total Remediation Cost for Estimate $17,996,943

Erosion Repair Cost: $15,178,464

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $15,178,464

a

Remediated Length (%): 40

Length (%): 100

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E

Total Remediation Cost Estimated for Segment/Reach $17,996,943174

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Knights Landing Ridge Cut - Unit 1Segment/Reach: 216 Total Segment/Reach Length (Feet): 35,061

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $26,151,795

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $26,151,795 Total Remediation Cost for Estimate $59,655,882

Erosion Repair Cost: $28,785,081

Freeboard/Geometry Cost: $4,719,005

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $33,504,086

a

Remediated Length (%): 90

Length (%): 50

Length (%): 40

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,905,884

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,905,884 Total Remediation Cost for Estimate $2,905,884

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $62,561,766216

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Knights Landing Ridge Cut - Unit 2Segment/Reach: 217 Total Segment/Reach Length (Feet): 34,868

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $27,838,258

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,838,258 Total Remediation Cost for Estimate $65,092,345

Erosion Repair Cost: $34,351,954

Freeboard/Geometry Cost: $2,902,133

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $37,254,087

a

Remediated Length (%): 89

Length (%): 60

Length (%): 30

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,798,204

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $9,151,712

Minimum Alternative Remediation Cost: $5,798,204 Total Remediation Cost for Estimate $5,798,204

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 11

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $70,890,549217

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Middle Creek - Unit 4 Alley Creek-ChannelSegment/Reach: 237 Total Segment/Reach Length (Feet): 6,874

Estimate Run: a

Combo Berm Cost: $1,509,844

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,509,844 Total Remediation Cost for Estimate $4,286,392

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,776,548

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $2,618,752

Category A

Subtotal Other Required Remediation Costs: $2,776,548

a

Remediated Length (%): 20

Length (%): 0

Length (%): 90

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,699,570

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,699,570 Total Remediation Cost for Estimate $1,699,570

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $5,985,963237

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

RD 0827 Unit 2Segment/Reach: 241 Total Segment/Reach Length (Feet): 14,784

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $13,585,135

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,585,135 Total Remediation Cost for Estimate $53,507,863

Erosion Repair Cost: $33,116,160

Freeboard/Geometry Cost: $6,806,568

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $39,922,728

a

Remediated Length (%): 70

Length (%): 100

Length (%): 100

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Estimate Run: b

Combo Berm Cost: $13,020,461

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,821,341

Seepage Berm Cost: $0

DSM Wall Cost: $30,780,847

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,821,341 Total Remediation Cost for Estimate $5,821,341

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Total Remediation Cost Estimated for Segment/Reach $59,329,204241

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Middle Creek - Unit 5 Alley Creek-ChannelSegment/Reach: 267 Total Segment/Reach Length (Feet): 5,392

Estimate Run: a

Combo Berm Cost: $4,336,967

Slurry Wall Cost: $6,252,406

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,336,967 Total Remediation Cost for Estimate $7,096,609

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,759,642

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $2,759,642

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Total Remediation Cost Estimated for Segment/Reach $7,096,609267

Middle Creek - Unit 3b Scotts CreekSegment/Reach: 268 Total Segment/Reach Length (Feet): 7,164

Estimate Run: a

Combo Berm Cost: $825,804

Slurry Wall Cost: $940,031

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $825,804 Total Remediation Cost for Estimate $2,757,328

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,931,525

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,931,525

a

Remediated Length (%): 10

Length (%): 0

Length (%): 90

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $4,159,995

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,159,995 Total Remediation Cost for Estimate $4,159,995

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 90

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $6,917,323268

RD 1600 Unit 2Segment/Reach: 295 Total Segment/Reach Length (Feet): 22,176

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $10,976,958

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,976,958 Total Remediation Cost for Estimate $68,924,773

Erosion Repair Cost: $49,674,240

Freeboard/Geometry Cost: $8,273,575

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $57,947,815

a

Remediated Length (%): 40

Length (%): 100

Length (%): 100

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Estimate Run: b

Combo Berm Cost: $36,931,625

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $36,931,625 Total Remediation Cost for Estimate $36,931,625

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $60,981,002

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 60

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Total Remediation Cost Estimated for Segment/Reach $105,856,398295

RD 2035 Unit 3 - Willow BypassSegment/Reach: 297 Total Segment/Reach Length (Feet): 12,925

Estimate Run: a

Combo Berm Cost: $18,971,684

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $18,971,684 Total Remediation Cost for Estimate $37,364,821

Erosion Repair Cost: $18,393,137

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $35,424,898

Category C

Subtotal Other Required Remediation Costs: $18,393,137

a

Remediated Length (%): 100

Length (%): 100

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E

Total Remediation Cost Estimated for Segment/Reach $37,364,821297

RD 0785 Unit 2Segment/Reach: 393 Total Segment/Reach Length (Feet): 17,424

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $20,361,015

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $20,361,015 Total Remediation Cost for Estimate $66,180,189

Erosion Repair Cost: $39,029,760

Freeboard/Geometry Cost: $6,789,414

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $45,819,174

a

Remediated Length (%): 100

Length (%): 100

Length (%): 100

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $66,180,189393

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 4

Segment 1030Segment/Reach: 1030 Total Segment/Reach Length (Feet): 6,250

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $2,019,202

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,019,202

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $2,019,202

a

Remediated Length (%): 0

Length (%): 0

Length (%): 60

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $2,019,2021030

Segment 1031Segment/Reach: 1031 Total Segment/Reach Length (Feet): 20,500

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $7,752,789

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $7,752,789

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $7,752,789

a

Remediated Length (%): 0

Length (%): 0

Length (%): 50

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $7,752,7891031

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Brannan-Andrus LMD Unit 1Segment/Reach: 40 Total Segment/Reach Length (Feet): 31,798

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $8,775,814

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,775,814 Total Remediation Cost for Estimate $21,696,961

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $12,921,146

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $12,921,146

a

Remediated Length (%): 10

Length (%): 0

Length (%): 90

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $17,551,628

Drained Stability Berm Cost: $8,769,760

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,769,760 Total Remediation Cost for Estimate $8,769,760

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Estimate Run: c

Combo Berm Cost: $27,660,820

Slurry Wall Cost: $43,451,779

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,660,820 Total Remediation Cost for Estimate $27,660,820

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 55

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: d

Combo Berm Cost: $2,514,620

Slurry Wall Cost: $3,950,162

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,514,620 Total Remediation Cost for Estimate $2,514,620

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 5

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $60,642,16140

Maintenance Area No. 09Segment/Reach: 106 Total Segment/Reach Length (Feet): 46,690

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $34,398,162

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $34,398,162 Total Remediation Cost for Estimate $74,356,752

Erosion Repair Cost: $35,559,104

Freeboard/Geometry Cost: $4,399,486

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $39,958,590

a

Remediated Length (%): 10

Length (%): 40

Length (%): 25

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss+E+FG

Estimate Run: b

Combo Berm Cost: $33,336,303

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $99,769,171

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $33,336,303 Total Remediation Cost for Estimate $33,336,303

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Ss

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $42,126,675

DSM Wall Cost: $133,025,562

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $42,126,675 Total Remediation Cost for Estimate $42,126,675

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $10,083,640

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,083,640 Total Remediation Cost for Estimate $10,083,640

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Ss

Total Remediation Cost Estimated for Segment/Reach $159,903,371106

RD 0003 Unit 1Segment/Reach: 113.1 Total Segment/Reach Length (Feet): 22,840

Estimate Run: a

Combo Berm Cost: $10,906,934

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,906,934 Total Remediation Cost for Estimate $20,116,022

Erosion Repair Cost: $9,209,088

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $20,265,956

Category B

Subtotal Other Required Remediation Costs: $9,209,088

a

Remediated Length (%): 20

Length (%): 20

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $10,906,934

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,906,934 Total Remediation Cost for Estimate $10,906,934

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $20,265,956

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,426,962

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,426,962 Total Remediation Cost for Estimate $2,426,962

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Sn

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $12,134,808

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $12,134,808 Total Remediation Cost for Estimate $12,134,808

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $45,584,726113.1

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0003 Unit 1Segment/Reach: 113.2 Total Segment/Reach Length (Feet): 37,300

Estimate Run: a

Combo Berm Cost: $36,630,357

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $36,630,357 Total Remediation Cost for Estimate $53,340,757

Erosion Repair Cost: $16,710,400

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $58,021,838

Category B

Subtotal Other Required Remediation Costs: $16,710,400

a

Remediated Length (%): 30

Length (%): 20

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E

Estimate Run: b

Combo Berm Cost: $24,420,238

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $24,420,238 Total Remediation Cost for Estimate $24,420,238

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $38,213,994

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $43,472,771

Drained Stability Berm Cost: $23,115,018

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $23,115,018 Total Remediation Cost for Estimate $23,115,018

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $100,876,012113.2

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0150 Unit 1Segment/Reach: 117 Total Segment/Reach Length (Feet): 2,762

Estimate Run: a

Combo Berm Cost: $4,339,678

Slurry Wall Cost: $7,341,733

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,339,678 Total Remediation Cost for Estimate $4,998,598

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $658,920

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $658,920

a

Remediated Length (%): 100

Length (%): 0

Length (%): 80

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Total Remediation Cost Estimated for Segment/Reach $4,998,598117

RD 0307Segment/Reach: 118 Total Segment/Reach Length (Feet): 34,588

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $101,518,634

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $101,518,634 Total Remediation Cost for Estimate $126,325,888

Erosion Repair Cost: $19,756,666

Freeboard/Geometry Cost: $5,050,588

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $24,807,254

a

Remediated Length (%): 40

Length (%): 30

Length (%): 35

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $22,447,998

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $22,447,998 Total Remediation Cost for Estimate $22,447,998

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $7,348,319

DSM Wall Cost: $24,706,614

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,348,319 Total Remediation Cost for Estimate $7,348,319

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $3,487,175

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,487,175 Total Remediation Cost for Estimate $3,487,175

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $159,609,380118

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0341 Unit 1Segment/Reach: 119 Total Segment/Reach Length (Feet): 17,501

Estimate Run: a

Combo Berm Cost: $33,405,978

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $33,405,978 Total Remediation Cost for Estimate $48,588,655

Erosion Repair Cost: $13,410,433

Freeboard/Geometry Cost: $1,772,243

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $69,745,830

Category B

Subtotal Other Required Remediation Costs: $15,182,676

a

Remediated Length (%): 100

Length (%): 50

Length (%): 25

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $48,588,655119

RD 0349 Unit 1Segment/Reach: 120 Total Segment/Reach Length (Feet): 8,324

Estimate Run: a

Combo Berm Cost: $7,824,145

Slurry Wall Cost: $11,901,089

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,824,145 Total Remediation Cost for Estimate $8,384,157

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $560,013

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $560,013

a

Remediated Length (%): 50

Length (%): 0

Length (%): 20

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $3,562,528

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,562,528 Total Remediation Cost for Estimate $3,562,528

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $11,946,685120

RD 0501 Unit 1Segment/Reach: 122 Total Segment/Reach Length (Feet): 15,246

Estimate Run: a

Combo Berm Cost: $13,428,116

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,428,116 Total Remediation Cost for Estimate $20,258,324

Erosion Repair Cost: $6,830,208

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $17,402,510

Category B

Subtotal Other Required Remediation Costs: $6,830,208

a

Remediated Length (%): 30

Length (%): 20

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E

Estimate Run: b

Combo Berm Cost: $13,428,116

Slurry Wall Cost: $17,255,916

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,428,116 Total Remediation Cost for Estimate $13,428,116

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $23,007,888

Drained Stability Berm Cost: $0

Seepage Berm Cost: $17,009,315

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,009,315 Total Remediation Cost for Estimate $17,009,315

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $50,695,756122

RD 0536 Unit 1Segment/Reach: 123.2 Total Segment/Reach Length (Feet): 22,800

Estimate Run: a

Combo Berm Cost: $2,461,411

Slurry Wall Cost: $3,587,233

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,461,411 Total Remediation Cost for Estimate $4,478,091

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,016,679

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $2,016,679

a

Remediated Length (%): 5

Length (%): 0

Length (%): 30

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+FG

Estimate Run: b

Combo Berm Cost: $22,152,700

Slurry Wall Cost: $32,285,101

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $22,152,700 Total Remediation Cost for Estimate $22,152,700

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 45

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,872,632

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,872,632 Total Remediation Cost for Estimate $6,872,632

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $33,503,422123.2

RD 0551Segment/Reach: 126 Total Segment/Reach Length (Feet): 35,833

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $38,938,891

Drained Stability Berm Cost: $0

Seepage Berm Cost: $25,760,887

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $25,760,887 Total Remediation Cost for Estimate $32,984,820

Erosion Repair Cost: $7,223,933

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $7,223,933

a

Remediated Length (%): 30

Length (%): 10

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $13,835,088

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,835,088 Total Remediation Cost for Estimate $13,835,088

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Total Remediation Cost Estimated for Segment/Reach $46,819,908126

RD 0556 Unit 1Segment/Reach: 129 Total Segment/Reach Length (Feet): 28,936

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $10,349,783

Drained Stability Berm Cost: $0

Seepage Berm Cost: $7,392,241

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,392,241 Total Remediation Cost for Estimate $50,689,045

Erosion Repair Cost: $35,476,308

Freeboard/Geometry Cost: $7,820,496

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $43,296,804

a

Remediated Length (%): 15

Length (%): 80

Length (%): 70

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,648,890

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,648,890 Total Remediation Cost for Estimate $6,648,890

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 25

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,978,668

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,978,668 Total Remediation Cost for Estimate $7,978,668

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Total Remediation Cost Estimated for Segment/Reach $65,316,604129

RD 0563Segment/Reach: 130 Total Segment/Reach Length (Feet): 64,111

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $17,974,783

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,974,783 Total Remediation Cost for Estimate $124,265,387

Erosion Repair Cost: $98,252,245

Freeboard/Geometry Cost: $8,038,359

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $106,290,604

a

Remediated Length (%): 30

Length (%): 100

Length (%): 40

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+E+FG

Estimate Run: b

Combo Berm Cost: $57,351,233

Slurry Wall Cost: $76,213,637

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $57,351,233 Total Remediation Cost for Estimate $57,351,233

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $11,983,189

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $11,983,189 Total Remediation Cost for Estimate $11,983,189

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Total Remediation Cost Estimated for Segment/Reach $193,599,809130

RD 0755Segment/Reach: 131 Total Segment/Reach Length (Feet): 9,700

Estimate Run: a

Combo Berm Cost: $17,319,297

Slurry Wall Cost: $26,337,341

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $17,319,297 Total Remediation Cost for Estimate $22,859,937

Erosion Repair Cost: $5,540,640

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $5,540,640

a

Remediated Length (%): 80

Length (%): 30

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $980,211

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $980,211 Total Remediation Cost for Estimate $980,211

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $23,840,148131

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0755Segment/Reach: 132 Total Segment/Reach Length (Feet): 9,187

Estimate Run: a

Combo Berm Cost: $8,683,609

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $25,813,331

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,683,609 Total Remediation Cost for Estimate $12,387,807

Erosion Repair Cost: $3,704,198

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $3,704,198

a

Remediated Length (%): 40

Length (%): 20

Length (%): 20

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Total Remediation Cost Estimated for Segment/Reach $12,387,807132

RD 0999 Unit 1Segment/Reach: 142 Total Segment/Reach Length (Feet): 81,471

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $60,132,043

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $60,132,043 Total Remediation Cost for Estimate $97,506,652

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $37,374,609

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $37,374,609

a

Remediated Length (%): 60

Length (%): 0

Length (%): 95

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG

Total Remediation Cost Estimated for Segment/Reach $97,506,652142

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 1601Segment/Reach: 148 Total Segment/Reach Length (Feet): 13,683

Estimate Run: a

Combo Berm Cost: $29,206,006

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $29,206,006 Total Remediation Cost for Estimate $56,766,776

Erosion Repair Cost: $24,519,936

Freeboard/Geometry Cost: $3,040,834

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $47,587,925

Category B

Subtotal Other Required Remediation Costs: $27,560,770

a

Remediated Length (%): 80

Length (%): 80

Length (%): 50

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Estimate Run: b

Combo Berm Cost: $4,798,076

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,798,076 Total Remediation Cost for Estimate $10,765,891

Erosion Repair Cost: $4,903,987

Freeboard/Geometry Cost: $1,063,828

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $9,023,334

Category B

Subtotal Other Required Remediation Costs: $5,967,815

b

Remediated Length (%): 20

Length (%): 20

Length (%): 20

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $67,532,667148

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 2060 Unit 1Segment/Reach: 151.1 Total Segment/Reach Length (Feet): 25,648

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,381,780

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,381,780 Total Remediation Cost for Estimate $53,342,996

Erosion Repair Cost: $45,961,216

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $45,961,216

a

Remediated Length (%): 30

Length (%): 100

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Estimate Run: b

Combo Berm Cost: $35,868,089

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $35,868,089 Total Remediation Cost for Estimate $35,868,089

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $66,101,556

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 70

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Total Remediation Cost Estimated for Segment/Reach $89,211,085151.1

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.

Page 108 of 135

ATTACHMENT 2Memorandum December 22, 2010



ATTACHMENT 2
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 2060 Unit 1Segment/Reach: 151.2 Total Segment/Reach Length (Feet): 11,041

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $2,356,734

Drained Stability Berm Cost: $0

Seepage Berm Cost: $1,654,939

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,654,939 Total Remediation Cost for Estimate $1,654,939

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $1,654,939151.2

RD 2068 Unit 1Segment/Reach: 152 Total Segment/Reach Length (Feet): 29,213

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,291,309

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,291,309 Total Remediation Cost for Estimate $35,042,500

Erosion Repair Cost: $17,907,959

Freeboard/Geometry Cost: $9,843,232

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $27,751,190

a

Remediated Length (%): 30

Length (%): 40

Length (%): 100

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $35,042,500152

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 2098 Unit 1Segment/Reach: 153.1 Total Segment/Reach Length (Feet): 16,796

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,717,834

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,717,834 Total Remediation Cost for Estimate $33,111,821

Erosion Repair Cost: $18,811,520

Freeboard/Geometry Cost: $6,582,467

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $25,393,987

a

Remediated Length (%): 40

Length (%): 50

Length (%): 100

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $33,111,821153.1

RD 2098 Unit 1Segment/Reach: 153.2 Total Segment/Reach Length (Feet): 500

Estimate Run: a

Combo Berm Cost: $1,326,522

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,326,522 Total Remediation Cost for Estimate $1,545,477

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $218,955

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $1,973,322

Category A

Subtotal Other Required Remediation Costs: $218,955

a

Remediated Length (%): 100

Length (%): 0

Length (%): 100

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG

Total Remediation Cost Estimated for Segment/Reach $1,545,477153.2

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 2104 - Hass SloughSegment/Reach: 155 Total Segment/Reach Length (Feet): 17,400

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,893,085

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,893,085 Total Remediation Cost for Estimate $14,215,552

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $7,322,468

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $7,322,468

a

Remediated Length (%): 50

Length (%): 0

Length (%): 100

Overall Reach Categorization: LD (A or B) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG

Total Remediation Cost Estimated for Segment/Reach $14,215,552155

RD 0999 Unit 5Segment/Reach: 244 Total Segment/Reach Length (Feet): 49,963

Estimate Run: a

Combo Berm Cost: $37,822,340

Slurry Wall Cost: $40,228,369

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $37,822,340 Total Remediation Cost for Estimate $76,023,342

Erosion Repair Cost: $38,051,821

Freeboard/Geometry Cost: $149,182

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $38,201,003

a

Remediated Length (%): 30

Length (%): 40

Length (%): 1

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $33,142,630

Drained Stability Berm Cost: $21,570,979

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $21,570,979 Total Remediation Cost for Estimate $21,570,979

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $97,594,321244

RD 2098 Unit 4Segment/Reach: 249 Total Segment/Reach Length (Feet): 15,569

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $2,838,314

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,838,314 Total Remediation Cost for Estimate $5,815,330

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,977,016

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $2,977,016

a

Remediated Length (%): 30

Length (%): 0

Length (%): 85

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG

Total Remediation Cost Estimated for Segment/Reach $5,815,330249

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 2104 - west leveeSegment/Reach: 251 Total Segment/Reach Length (Feet): 18,552

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,661,963

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,661,963 Total Remediation Cost for Estimate $9,407,530

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,745,567

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $1,745,567

a

Remediated Length (%): 50

Length (%): 0

Length (%): 40

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG

Total Remediation Cost Estimated for Segment/Reach $9,407,530251

RD 0999 Unit 4Segment/Reach: 303 Total Segment/Reach Length (Feet): 6,508

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $14,472,434

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $14,472,434 Total Remediation Cost for Estimate $18,189,803

Erosion Repair Cost: $3,717,370

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $3,717,370

a

Remediated Length (%): 30

Length (%): 30

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E

Total Remediation Cost Estimated for Segment/Reach $18,189,803303

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0999 Unit 2Segment/Reach: 304 Total Segment/Reach Length (Feet): 12,062

Estimate Run: a

Combo Berm Cost: $7,046,302

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,046,302 Total Remediation Cost for Estimate $9,914,634

Erosion Repair Cost: $2,701,888

Freeboard/Geometry Cost: $166,444

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $10,209,140

Category B

Subtotal Other Required Remediation Costs: $2,868,332

a

Remediated Length (%): 20

Length (%): 10

Length (%): 3

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,698,930

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,698,930 Total Remediation Cost for Estimate $6,698,930

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $11,039,676

Drained Stability Berm Cost: $0

Seepage Berm Cost: $9,788,636

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $9,788,636 Total Remediation Cost for Estimate $9,788,636

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $26,402,199304

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0999 Unit 3Segment/Reach: 305 Total Segment/Reach Length (Feet): 19,772

Estimate Run: a

Combo Berm Cost: $11,690,511

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $11,690,511 Total Remediation Cost for Estimate $27,075,951

Erosion Repair Cost: $15,058,355

Freeboard/Geometry Cost: $327,085

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $25,837,911

Category B

Subtotal Other Required Remediation Costs: $15,385,440

a

Remediated Length (%): 30

Length (%): 40

Length (%): 5

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $22,758,912

Slurry Wall Cost: $34,676,639

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $22,758,912 Total Remediation Cost for Estimate $22,758,912

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 60

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $49,834,863305

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.

Page 115 of 135

ATTACHMENT 2Memorandum December 22, 2010



ATTACHMENT 2
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0150 Unit 2Segment/Reach: 306 Total Segment/Reach Length (Feet): 41,275

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $45,984,737

DSM Wall Cost: $145,019,865

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $45,984,737 Total Remediation Cost for Estimate $73,311,579

Erosion Repair Cost: $23,576,280

Freeboard/Geometry Cost: $3,750,563

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $27,326,843

a

Remediated Length (%): 50

Length (%): 30

Length (%): 25

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $16,852,970

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $16,852,970 Total Remediation Cost for Estimate $16,852,970

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $30,092,357

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $30,092,357 Total Remediation Cost for Estimate $30,092,357

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $120,256,906306

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0349 Unit 2Segment/Reach: 307 Total Segment/Reach Length (Feet): 22,873

Estimate Run: a

Combo Berm Cost: $22,441,796

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $22,441,796 Total Remediation Cost for Estimate $32,869,955

Erosion Repair Cost: $9,222,394

Freeboard/Geometry Cost: $1,205,765

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $34,915,231

Category B

Subtotal Other Required Remediation Costs: $10,428,159

a

Remediated Length (%): 30

Length (%): 20

Length (%): 15

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $5,521,311

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,521,311 Total Remediation Cost for Estimate $5,521,311

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $9,728,636

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $13,267,209

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,267,209 Total Remediation Cost for Estimate $13,267,209

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 60

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $51,658,475307

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0501 Unit 2Segment/Reach: 308 Total Segment/Reach Length (Feet): 18,814

Estimate Run: a

Combo Berm Cost: $26,762,539

Slurry Wall Cost: $0

Drained Stability Berm Cost: $10,460,553

Seepage Berm Cost: $0

DSM Wall Cost: $55,771,575

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,460,553 Total Remediation Cost for Estimate $28,246,346

Erosion Repair Cost: $12,643,008

Freeboard/Geometry Cost: $5,142,785

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $17,785,793

a

Remediated Length (%): 40

Length (%): 30

Length (%): 85

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $13,381,269

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,230,277

Seepage Berm Cost: $0

DSM Wall Cost: $27,885,787

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,230,277 Total Remediation Cost for Estimate $5,230,277

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $16,389,423

Drained Stability Berm Cost: $10,072,997

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $10,072,997 Total Remediation Cost for Estimate $10,072,997

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $43,549,619308

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0501 Unit 3Segment/Reach: 309 Total Segment/Reach Length (Feet): 40,668

Estimate Run: a

Combo Berm Cost: $83,924,115

Slurry Wall Cost: $0

Drained Stability Berm Cost: $32,510,739

Seepage Berm Cost: $0

DSM Wall Cost: $183,711,666

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $32,510,739 Total Remediation Cost for Estimate $78,703,837

Erosion Repair Cost: $45,548,160

Freeboard/Geometry Cost: $644,938

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $46,193,098

a

Remediated Length (%): 60

Length (%): 50

Length (%): 5

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $13,987,353

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,418,457

Seepage Berm Cost: $0

DSM Wall Cost: $29,448,298

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,418,457 Total Remediation Cost for Estimate $5,418,457

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $26,022,666

Seepage Berm Cost: $0

DSM Wall Cost: $58,896,597

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $26,022,666 Total Remediation Cost for Estimate $26,022,666

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: d

Combo Berm Cost: $0

Slurry Wall Cost: $9,575,623

Drained Stability Berm Cost: $5,418,457

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,418,457 Total Remediation Cost for Estimate $5,418,457

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

d

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $115,563,417309

RD 0501 Unit 4Segment/Reach: 310 Total Segment/Reach Length (Feet): 12,039

Estimate Run: a

Combo Berm Cost: $15,934,026

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $15,934,026 Total Remediation Cost for Estimate $16,128,475

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $194,449

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $27,605,727

Category A

Subtotal Other Required Remediation Costs: $194,449

a

Remediated Length (%): 60

Length (%): 0

Length (%): 5

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $10,237,889

Drained Stability Berm Cost: $0

Seepage Berm Cost: $7,552,006

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,552,006 Total Remediation Cost for Estimate $7,552,006

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $1,223,563

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $1,223,563 Total Remediation Cost for Estimate $1,223,563

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $24,904,044310

RD 2068 Unit 2Segment/Reach: 311 Total Segment/Reach Length (Feet): 17,350

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $3,598,735

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,598,735

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $3,598,735

a

Remediated Length (%): 0

Length (%): 0

Length (%): 60

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $3,598,735311

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 2098 Unit 3Segment/Reach: 312 Total Segment/Reach Length (Feet): 10,222

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,079,952

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,079,952 Total Remediation Cost for Estimate $14,521,469

Erosion Repair Cost: $9,158,912

Freeboard/Geometry Cost: $282,605

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $9,441,517

a

Remediated Length (%): 60

Length (%): 50

Length (%): 10

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $14,521,469312

RD 2098 Unit 2Segment/Reach: 313 Total Segment/Reach Length (Feet): 9,981

Estimate Run: a

Combo Berm Cost: $2,277,565

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $2,277,565 Total Remediation Cost for Estimate $8,907,208

Erosion Repair Cost: $5,701,147

Freeboard/Geometry Cost: $928,496

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $7,143,828

Category B

Subtotal Other Required Remediation Costs: $6,629,643

a

Remediated Length (%): 20

Length (%): 30

Length (%): 30

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $7,357,685

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,357,685 Total Remediation Cost for Estimate $7,357,685

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 80

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $16,264,893313

RD 2060 Unit 3aSegment/Reach: 314 Total Segment/Reach Length (Feet): 23,324

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,615,118

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,615,118 Total Remediation Cost for Estimate $43,164,670

Erosion Repair Cost: $33,855,252

Freeboard/Geometry Cost: $2,694,300

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $36,549,552

a

Remediated Length (%): 35

Length (%): 60

Length (%): 15

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $3,830,304

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,830,304

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $3,830,304

b

Remediated Length (%): 0

Length (%): 0

Length (%): 55

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Total Remediation Cost Estimated for Segment/Reach $46,994,974314

RD 2060 Unit 2Segment/Reach: 315 Total Segment/Reach Length (Feet): 19,059

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $5,288,147

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $5,288,147 Total Remediation Cost for Estimate $7,964,551

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $2,676,404

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $2,676,404

a

Remediated Length (%): 30

Length (%): 0

Length (%): 45

Overall Reach Categorization: LD Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+FG

Total Remediation Cost Estimated for Segment/Reach $7,964,551315

RD 0536 Unit 2Segment/Reach: 316.1 Total Segment/Reach Length (Feet): 18,041

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $6,094,801

Drained Stability Berm Cost: $0

Seepage Berm Cost: $4,522,822

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,522,822 Total Remediation Cost for Estimate $10,105,279

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $5,582,457

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $5,582,457

a

Remediated Length (%): 10

Length (%): 0

Length (%): 95

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.

Page 124 of 135

ATTACHMENT 2Memorandum December 22, 2010



ATTACHMENT 2
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $19,434,320

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $19,434,320 Total Remediation Cost for Estimate $19,434,320

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $32,440,788

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $4,049,429

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,049,429 Total Remediation Cost for Estimate $4,049,429

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn

Total Remediation Cost Estimated for Segment/Reach $33,589,028316.1

RD 0536 Unit 2Segment/Reach: 316.2 Total Segment/Reach Length (Feet): 8,250

Estimate Run: a

Combo Berm Cost: $7,032,321

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,032,321 Total Remediation Cost for Estimate $8,928,759

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $1,896,439

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $13,139,063

Category A

Subtotal Other Required Remediation Costs: $1,896,439

a

Remediated Length (%): 50

Length (%): 0

Length (%): 80

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $4,219,392

Slurry Wall Cost: $5,726,878

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $4,219,392 Total Remediation Cost for Estimate $4,219,392

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U

Total Remediation Cost Estimated for Segment/Reach $13,148,152316.2

Brannan-Andrus LMD Unit 2Segment/Reach: 378 Total Segment/Reach Length (Feet): 60,897

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $13,086,417

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $13,086,417 Total Remediation Cost for Estimate $31,779,339

Erosion Repair Cost: $18,692,922

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $18,692,922

a

Remediated Length (%): 30

Length (%): 20

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

Sn+E

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $8,724,278

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $8,724,278 Total Remediation Cost for Estimate $8,724,278

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 20

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $10,734,118

Drained Stability Berm Cost: $7,933,871

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $7,933,871 Total Remediation Cost for Estimate $7,933,871

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $48,437,488378

RD 0003 Unit 2Segment/Reach: 384.1 Total Segment/Reach Length (Feet): 6,000

Estimate Run: a

Combo Berm Cost: $14,343,243

Slurry Wall Cost: $0

Drained Stability Berm Cost: $6,060,130

Seepage Berm Cost: $0

DSM Wall Cost: $42,730,317

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,060,130 Total Remediation Cost for Estimate $6,060,130

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 100

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Ss

Total Remediation Cost Estimated for Segment/Reach $6,060,130384.1

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

Sacramento River Right Bank LeveeSegment/Reach: 384.2 Total Segment/Reach Length (Feet): 85,620

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $31,696,018

DSM Wall Cost: $94,455,066

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $31,696,018 Total Remediation Cost for Estimate $31,696,018

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

a

Remediated Length (%): 16

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $31,696,018384.2

RD 0150 Unit 3Segment/Reach: 386 Total Segment/Reach Length (Feet): 49,612

Estimate Run: a

Combo Berm Cost: $43,759,249

Slurry Wall Cost: $45,135,546

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $43,759,249 Total Remediation Cost for Estimate $104,521,145

Erosion Repair Cost: $50,008,896

Freeboard/Geometry Cost: $10,753,000

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $60,761,896

a

Remediated Length (%): 30

Length (%): 50

Length (%): 65

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $23,165,721

Drained Stability Berm Cost: $14,336,551

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $14,336,551 Total Remediation Cost for Estimate $14,336,551

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $118,857,696386

RD 0341 Unit 2Segment/Reach: 387 Total Segment/Reach Length (Feet): 33,117

Estimate Run: a

Combo Berm Cost: $71,836,397

Slurry Wall Cost: $109,655,540

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $71,836,397 Total Remediation Cost for Estimate $142,360,017

Erosion Repair Cost: $66,763,872

Freeboard/Geometry Cost: $3,759,748

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category C

Subtotal Other Required Remediation Costs: $70,523,620

a

Remediated Length (%): 100

Length (%): 100

Length (%): 30

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn+E+FG

Total Remediation Cost Estimated for Segment/Reach $142,360,017387

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

RD 0349 Unit 3Segment/Reach: 388 Total Segment/Reach Length (Feet): 34,345

Estimate Run: a

Combo Berm Cost: $51,128,694

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $51,128,694 Total Remediation Cost for Estimate $75,751,023

Erosion Repair Cost: $23,079,840

Freeboard/Geometry Cost: $1,542,489

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $68,763,385

Category B

Subtotal Other Required Remediation Costs: $24,622,329

a

Remediated Length (%): 50

Length (%): 30

Length (%): 15

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+E+FG

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $8,742,090

Drained Stability Berm Cost: $0

Seepage Berm Cost: $6,814,947

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $6,814,947 Total Remediation Cost for Estimate $6,814,947

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 10

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $82,565,971388

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.

Page 130 of 135

ATTACHMENT 2Memorandum December 22, 2010



ATTACHMENT 2

NORTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 5

RD 0556 Unit 2Segment/Reach: 390 Total Segment/Reach Length (Feet): 30,259

Estimate Run: a

Combo Berm Cost: $14,394,143

Slurry Wall Cost: $20,347,795

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $14,394,143 Total Remediation Cost for Estimate $26,594,571

Erosion Repair Cost: $12,200,429

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $12,200,429

a

Remediated Length (%): 20

Length (%): 20

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+E

Estimate Run: b

Combo Berm Cost: $0

Slurry Wall Cost: $40,695,590

Drained Stability Berm Cost: $0

Seepage Berm Cost: $27,535,492

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $27,535,492 Total Remediation Cost for Estimate $27,535,492

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $12,632,037

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $12,632,037 Total Remediation Cost for Estimate $12,632,037

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category B

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 40

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T

Total Remediation Cost Estimated for Segment/Reach $66,762,100390

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

Segment 1036Segment/Reach: 1036 Total Segment/Reach Length (Feet): 34,150

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $0 Total Remediation Cost for Estimate $16,861,169

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $16,861,169

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $16,861,169

a

Remediated Length (%): 0

Length (%): 0

Length (%): 60

Overall Reach Categorization: A Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

FG

Total Remediation Cost Estimated for Segment/Reach $16,861,1691036

Segment 1040Segment/Reach: 1040 Total Segment/Reach Length (Feet): 7,300

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $9,950,852

Drained Stability Berm Cost: $0

Seepage Berm Cost: $9,097,688

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $9,097,688 Total Remediation Cost for Estimate $10,052,619

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $954,931

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $954,931

a

Remediated Length (%): 40

Length (%): 0

Length (%): 65

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

Estimate Run: b

Combo Berm Cost: $6,919,954

Slurry Wall Cost: $0

Drained Stability Berm Cost: $3,070,782

Seepage Berm Cost: $0

DSM Wall Cost: $15,757,973

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $3,070,782 Total Remediation Cost for Estimate $3,070,782

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: B Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn

Total Remediation Cost Estimated for Segment/Reach $13,123,4011040

Snodgrass Slough Right Bank LeveeSegment/Reach: 1041 Total Segment/Reach Length (Feet): 31,200

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $19,116,008

Drained Stability Berm Cost: $0

Seepage Berm Cost: $16,880,868

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $16,880,868 Total Remediation Cost for Estimate $20,638,737

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $3,757,869

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $3,757,869

a

Remediated Length (%): 20

Length (%): 0

Length (%): 50

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+FG

Estimate Run: b

Combo Berm Cost: $35,480,753

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $35,480,753 Total Remediation Cost for Estimate $35,480,753

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $46,438,695

Category A

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+Sn+FG

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

Estimate Run: c

Combo Berm Cost: $0

Slurry Wall Cost: $23,641,840

Drained Stability Berm Cost: $0

Seepage Berm Cost: $25,452,421

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $23,641,840 Total Remediation Cost for Estimate $23,641,840

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category A

Subtotal Other Required Remediation Costs: $0

c

Remediated Length (%): 30

Length (%): 0

Length (%): 0

Overall Reach Categorization: LD (B or C) Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U

Total Remediation Cost Estimated for Segment/Reach $79,761,3301041

North Fork Mokelumne River Right BankSegment/Reach: 1043 Total Segment/Reach Length (Feet): 51,550

Estimate Run: a

Combo Berm Cost: $0

Slurry Wall Cost: $91,566,161

Drained Stability Berm Cost: $0

Seepage Berm Cost: $66,534,793

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $66,534,793 Total Remediation Cost for Estimate $139,382,508

Erosion Repair Cost: $57,736,000

Freeboard/Geometry Cost: $15,111,714

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $0

Category LD

Subtotal Other Required Remediation Costs: $72,847,714

a

Remediated Length (%): 50

Length (%): 50

Length (%): 95

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

U+E+FG

Estimate Run: b

Combo Berm Cost: $73,067,759

Slurry Wall Cost: $0

Drained Stability Berm Cost: $0

Seepage Berm Cost: $0

DSM Wall Cost: $0

Replace Levee Cost: $0

Minimum Alternative Remediation Cost: $73,067,759 Total Remediation Cost for Estimate $73,067,759

Erosion Repair Cost: $0

Freeboard/Geometry Cost: $0

Miscellaneous Hazardous Conditions Cost: $0

Seepage Berm and Slurry Wall: $123,673,399

Category LD

Subtotal Other Required Remediation Costs: $0

b

Remediated Length (%): 50

Length (%): 0

Length (%): 0

Overall Reach Categorization: C Alternative Remediation Costs Other Required Remediation Costs

Deficiencies Being Remediated:

T+U+Sn

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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GAR Study Area: 5

Total Remediation Cost Estimated for Segment/Reach $212,450,2671043

Note: Estimates are order of magnitude estimates based upon deficiencies and remediation extents specified in the Dreaft GAR.
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SOUTH NON-URBAN LEVEE EVALUATIONS (NULE) PROJECT 
REMEDIATION ALTERNATIVES AND COST ESTIMATE REPORT (RACER) 

 

 
Date: December 23, 2010 

To: Hamid Bonakdar, Chief, Non-Urban Levee Evaluations Branch, DWR 
Vincent Rodriguez, Task Order Manager, DWR 

From: Ron Heinzen, Kleinfelder 
Fran Bean, Kleinfelder 
 

Reviewed By: Pat Dell, Neil O. Anderson and Associates 

Contract: 4600008102, Task Order K107 

Subject: Preliminary Estimate of Levee Remediation Costs for South NULE Levees 

 
1.0 BACKGROUND AND SCOPE 

DWR is undertaking a program to determine the approximate cost to repair non-urban Project and Non-
Project levees in the Sacramento (North NULE Study Area) and San Joaquin (South NULE Study Area) 
river systems. Under separate agreements with DWR, URS is responsible for preparing cost estimates for 
the North NULE Study Area and Kleinfelder is responsible for preparing estimates for the South NULE 
Study Area. This memorandum includes estimated costs for repair in the South NULE Study Area.  

Task Order K107 includes providing geotechnical, civil engineering, and cost estimating support services 
for DWR. These services also entail preparing a Remediation Alternatives and Cost Estimate Report 
(RACER) for the South NULE Study Area.  Task Order K107 is comprised of five tasks; this memorandum 
documents and transmits work completed under the first two tasks: 

� Task K107-1 (1a and 1b): Identification of Remediation Alternatives and Development of Unit Costs 
for Project and Non-Project Levees 

� Task K107-2 (2a and 2b): Selection of Remediation Alternatives and Development of Cost Estimates 
for Project and Non-Project Levee Sections 

As part of Task K107-1, Kleinfelder supported URS in updating the Draft Parametric Cost Estimating Tool 
(Estimating Tool) originally developed by URS in 2008. This update created a consistent methodology for 
generating levee repair alternative cost estimates.  

Under Task K107-2, Kleinfelder selected levee remediation alternatives for levee segments in the South 
NULE Study Area. These remediation alternatives addressed hazards and/or deficiencies identified in the 
May 2010 Draft Phase 1 Geotechnical Assessment Report (GAR), and determined likely conceptual, 
planning-level remediation costs using the Estimating Tool. The Draft GAR identified through seepage, 
underseepage, stability, and erosion hazards, and freeboard/geometry deficiencies that could exist along 
levee segments for the assessed water level. As discussed in the Draft GAR, the assessments were 
based on limited, existing surface and subsurface levee data and past performance history. The work 
performed under both Tasks K107-1 and K107-2, including cost estimating results, is summarized in this 
memorandum. 

This memorandum serves as an interim report. The final RACER will be completed approximately one 
month after the final GAR is complete, as identified on the NULE Project’s current deliverables schedule. 
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Cost estimates for the remediation of levees in the South NULE Study Area presented in this 
memorandum provide a base case for future flood mitigation planning by DWR. These estimates reflect 
costs to remediate hazards and freeboard/geometry deficiencies identified in the South NULE Draft GAR.   
Parameters applied to remediation of freeboard/geometry deficiencies are based on applicable geometric 
and freeboard requirements as described in available design data (See Project Memorandum, Data 
Available for Design Criteria for Use in the South NULE Study Area, Kleinfelder, September 25, 2009).  
Parameters applied to remediation of hazards identified in the GAR are based on the assessed water 
surface elevations described in the Draft GAR. 

2.0 TECHNICAL APPROACH TEAM MEETINGS 

A series of 13 Technical Approach Team (TAT) meetings were conducted between June and October 
2010 to address and resolve administrative and technical questions identified during the execution of the 
remediation selection and cost estimating work. The TAT, led by URS, was composed of DWR, URS, and 
Kleinfelder representatives to ensure North NULE Study Area and South NULE Study Area work was 
being performed consistently, that both study area teams received the same direction from DWR, and 
that both interim and final cost estimating work products would be similar in format and content.  Each 
TAT meeting was documented with an agenda, meeting notes, and a list of action items assigned during 
the meetings. 

3.0 TASK K107-1, IDENTIFICATION OF REMEDIATION ALTERNATIVES AND DEVELOPMENT 
OF UNIT COSTS FOR PROJECT AND NON-PROJECT LEVEES 

3.1 Key Estimating Assumptions 

Based upon issues, questions discussed, and recommendations made during the first few TAT meetings, 
URS developed a draft list of key estimating assumptions applicable to the work (see Attachment 1 for 
complete list). Some key assumptions are discussed below. 

3.1.1 Environmental Mitigation 

The original Estimating Tool included a rigorous consideration of potential biological impacts and site 
conditions along a levee segment or reach to estimate an environmental impact cost expressed as a 
percentage of the direct construction cost. Due to lack of site-specific information, and lack of time to 
develop specific data, the current Estimating Tool was modified to include only two mitigation 
percentages: 25 and 35 percent. The higher percentage was applied to locations where endangered or 
threatened species (or their critical habitats) have been documented, where wetland conditions are 
anticipated, or where erosion repairs recommended on main river system levees have the potential to 
impact fish populations. The lower percentage was used for all other segments. The categorizations were 
based on readily-available information, such as County General Plans, and were reviewed by a 
Kleinfelder biologist. This method and its application were agreed upon in a meeting with a DWR biologist 
and by TAT participants. 

3.1.2 Land Acquisition 

The estimate includes allowances for temporary and permanent easement acquisitions required for each 
remediation.  Figure 1 shows basic land acquisition requirements for the various seepage/stability berm 
and seepage cutoff wall remediations. Allowances include land required for the remediation, for a 20-foot 
wide permanent Central Valley Flood Protection Board easement along the landside toe, and for a 5-foot 
additional temporary easement. Because of the lack of available easement data for many rural levee 
segments in the NULE Project area, estimates for this Memorandum assume that no easements currently 
exist. 
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The TAT identified four categories of land use: 

� Agricultural 

� Orchard 

� Commercial 

� Residential 

Included in Attachment 1 are the input cost parameters for each of these land uses. When assigning 
remediations to a levee segment, an estimate of the percentage of each land category potentially 
impacted by the remediation was determined. These percentages are input parameters to the Estimating 
Tool. The tool calculates a composite real estate rate per acre based on the input percentages, and uses 
this rate to estimate real estate costs for the remediation alternative’s required area. 

3.1.3 Rock Slope Protection for Erosion Remediation 

As agreed upon by TAT participants, only rock slope protection was considered for waterside erosion 
remediation.  Rock slope protection costs were estimated assuming the full lengths of erosion hazards 
specified in the Draft GAR.  Since this cost is significant, the cost for limiting rock slope protection to 
approximately 20 percent of the length specified in the Draft GAR is also presented in this memorandum. 
This 20 percent factor conservatively represents the length requiring immediate attention based on a 
review of the current approach being used by local levee Reclamation and Maintenance Districts to 
address critical repair sites. Remediation in other areas (beyond the 20 percent factor) would be assumed 
completed as ongoing maintenance activities. Unit rates for rock and rock installation typical for non-state 
or federal projects were used to estimate costs, rather than using higher rates often associated with 
emergency levee repairs conducted by DWR. 

3.1.4 Revegetation 

For estimates presented in this memorandum, revegetation of disturbed areas and new construction 
areas (other than rock slope protection areas) was limited to hydroseeding, consistent with recent levee 
remediation projects. The cost for special plantings, irrigation systems, and ongoing maintenance, 
included as part of the emergency levee repair program, is not reflected in the estimates presented in this 
memorandum. 

3.1.5 Escalation 

Cost estimates include escalation for one year, from October 2010 to October 2011, as requested by the 
Central Valley Flood Protection Planning Group. Escalation is assumed at 3 percent per year. 

3.1.6 Other Direct and Indirect Costs 

In addition to escalation, estimates provided with this memorandum include appropriate allowances for 
engineering and design, engineering support during construction, construction management, and owner 
legal costs. The respective factors for these costs are presented in Attachment 1. 

3.1.7 Levee Segments Not Covered by the Draft GAR 

Based on current segment counts, there are 9 levee segments totaling approximately 28 miles in the 
South NULE Study Area that are not included in the Draft GAR due to lack of access or other 
programmatic reasons. These segments have an average length of approximately 3 miles, representing 
about 5 percent of the total levee length in the South NULE study area. No cost allowance to cover the 
additional segments is currently included in the estimates presented in the tables in this Memorandum. 
However, an estimated cost for the remediation of the additional segments is included in Section 5.2. 
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These segments are currently being evaluated and specific remediation cost estimates will be included 
for these segments as part of the final RACER. 

3.1.8 Burrowing Animal Infestation 

Numerous levee segments are identified in the Draft GAR as having significant burrowing animal 
infestation. As agreed upon by TAT participants, such infestations were not taken as a cause for 
remediation by themselves. No costs to treat burrowing animal infestations are included in the attached 
estimated remediation costs.  

DWR provided approximate maintenance costs associated with treating burrowing animal infestations 
based on the evaluation of historical data associated with a 23-mile levee reach. The results of that 
evaluation indicate that the material, equipment, and labor costs for one treatment cycle can range from 
$2,000 to $3,000 per mile. The need for additional treatment cycles for non-urban levees, especially 
where adjacent to orchards, is likely.  

3.1.9 Guidance for Defining Dimensions For Slurry Walls and Seepage Berms for Estimating 

There are locations in the South NULE Study Area where the width of seepage berm or depth of slurry 
wall cannot be determined based on available information. In such cases, an approximation method was 
used to select default wall depths and seepage berm widths that would provide comparable levels of 
protection. Selections of wall depth and berm width were based on landside height of levee and were 
agreed upon by TAT participants. Width and depth selection criteria are discussed further in the Key 
Estimating Assumptions (Attachment 1). 

The assumptions described above and those documented in Attachment 1 were reviewed and agreed 
upon by TAT participants as appropriate for a conceptual planning effort considering the limited physical 
and geotechnical data and a lack of specific remediation designs. Because of these limitations, 
Kleinfelder recommends the estimates presented in this memorandum are solely used as a tool for levee 
remediation program planning. These cost estimates should not be used for actual construction 
budget planning for specific segments.  

3.2 Estimating Tool Background And Update 

In 2008, URS developed a draft version of the Estimating Tool to prepare conceptual-level cost estimates 
to remediate seepage, stability, and erosion deficiencies. The Estimating Tool included 20 alternative 
remediations for seepage, six remediations for stability, and six remediations for erosion. In addition to 
the direct civil construction costs for major work items, the Estimating Tool also included estimates for 
significant indirect cost items, such as engineering and design, construction management, site 
restoration, environmental mitigation, temporary and permanent real estate acquisitions, permitting/legal 
costs, escalation, and contingency.  

The 2008 Estimating Tool was the starting point for developing and refining a simplified version used to 
prepare the estimates described in this memorandum. Simplification entailed reducing the number of 
remediation options available as described in Section 3.4 and simplifying the routine to estimate 
environmental impact costs and rock slope protection costs for erosion remediation. The amount of input 
data required to prepare an estimate was also reduced by incorporating more capability into the 
programming. New programming maximized the internal calculation of quantities for standardized 
alternative templates using readily-available average levee dimensions along a segment or reach. 
Simplifications to the Estimating Tool are warranted and commensurate with the limited information 
available to prepare the Draft GAR. The Estimating Tool was discussed at several TAT meetings; a 
version was provided to DWR for review and comment before production estimating began. 

The original Estimating Tool did not include alternatives to remediate freeboard and geometry 
deficiencies.  A standardized freeboard and geometry template was added to the Estimating Tool to 
prepare freeboard and geometry estimates presented in this memorandum.  
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3.3 Unit Rates for Estimating 

Unit rates used in the Estimating Tool are generally the same rates used in the 2008 version. Rates were 
updated in several instances to reflect recent bid results and other estimating experience on levee 
remediation projects in northern California. Caution was used to avoid adopting any highly competitive 
lower rates common during the recent economic downturn.  

3.4 Identifying Remediation Alternatives 

From TAT discussions, and as noted previously, it was determined that only eight alternative 
remediations would be included in the Estimating Tool. These remediations could be used individually, or 
in combinations, to address the hazards and/or deficiencies identified in the Draft GAR. The eight 
alternative remediations are: 

Alternative Type of Deficiency Remediated 

Drained stability berm Through seepage and stability  

Seepage berm Underseepage  

Combination drained stability and seepage berm Through seepage, underseepage, and stability  

Conventional soil-bentonite slurry wall (up to 70’ 
remediation depth) 

Through seepage and underseepage  

Deep Soil Mixing (DSM) wall  
(greater than 70’ remediation depth ) 

Through seepage and underseepage  

Rock slope protection Waterside erosion  

Replacement levee Through seepage and stability  

Freeboard/geometry remediation Freeboard and/or geometry  

 
Typical remediation details for berms and seepage cutoff walls are shown on Figure 2. Lettered 
dimensions on Figure 2 are those typically used as input for the Estimating Tool. Figures 3 and 4 illustrate 
typical details for erosion and freeboard/geometry remediation. Different remediation combinations could 
be used to provide alternative remediation sets for comparison and selection of the minimum cost. For 
example, a slurry wall and stability berm combination could be compared against a combination berm 
where underseepage, through seepage, and stability deficiencies exist.  

3.5 Miscellaneous Remediations 

Additional remediation costs associated with the anomalous hazards identified in the Draft GAR are also 
included in cost estimate summaries. These costs have been differentiated from overall remediation costs 
as miscellaneous costs when they require a distinct remediation alternative. Other potential 
miscellaneous costs, such as sheet piling around a pump station or relocation of penetrations or ditches, 
were reviewed and generally incorporated into the unallocated cost rating in the Estimating Tool. Also 
considered in this category are major cost items not included in the basic Estimating Tool, such as 
reconstruction of paved roads on levees where road removal and replacement is required for slurry wall 
construction. However, in general, the impact of such potential costs was considered during the 
remediation alternative selection process.   

3.6 Levee Segments Evaluated 

Currently, there are 113 levee segments in the South NULE study area. Of these, 104 segments were 
included in the Draft GAR, encompassing approximately 530 miles of levee. The remaining nine 
segments (28 miles) are not included due to lack of entry for inspections or other programmatic reasons.  
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Of the 104 levee segments assessed, 20 were assigned to Hazard Category A (no failure modes 
requiring remediation). The remaining 84 segments were assigned to Hazard Categories B, C, or LD for 
one or more potential failure modes. Of the 20 segments assigned to Hazard Category A, eight were 
found to have geometry or freeboard deficiencies. Remediation alternatives were selected and cost 
estimates were prepared for each of the hazards and/or deficiencies identified in the Draft GAR.  

4.0 TASK K107-2, SELECTION OF REMEDIATION ALTERNATIVES AND DEVELOPMENT OF 
COST ESTIMATES FOR PROJECT AND NON-PROJECT LEVEE SECTIONS  

4.1 Selecting Remediation Alternatives 

Geotechnical data obtained for the Draft GAR were reviewed and organized for use during remediation 
alternative selection. The Draft GAR results and applicable data were reviewed by Kleinfelder’s Senior 
Review Team, comprised of the Senior Geotechnical Engineers that reviewed the conclusions presented 
in the GAR. The Senior Review team selected appropriate remediation alternatives and specific 
parameters (e.g., slurry wall depth). Representatives of DWR and URS also attended several of the 
South NULE Remediation Alternative Selection sessions to ensure consistency with the NULE 
programmatic needs and North NULE remediation cost estimating.    

The results of the review sessions were documented on a standardized Remediation Selection Form 
(Figure 5), identifying the selected remediation, including an alternative where possible, and associated 
parameters required for the estimate (e.g., length, depth, width of the remediation, etc.). 

Hazards and/or deficiencies identified in the Draft GAR were assumed to require remediation. 

4.2 Preparing Cost Estimates 

Geotechnical data gathered during the geotechnical assessments and specific parameters determined by 
the Senior Review team were entered into the Estimating Tool to prepare estimates for the selected 
remediation alternatives.  

4.3 Compiling Estimate Data For Presentation 

Because of the large volume of estimating data generated, a Microsoft Access database was used to 
compile the results. The database was then used to tabulate the results in a series of summary tables 
that are discussed further in Section 5.0. The content and format of the summary tables were discussed 
at TAT meetings and the table formats were approved before the tables were finalized. The database 
evaluated the cost of alternatives to remediate hazards and/or deficiencies and selected the minimum 
cost remediation, which was then carried forward to the various tables described in Section 5.0.  

5.0 OPINION OF PROBABLE COST 

5.1 Remediation Costs for Levee Segments 

Estimating results are presented in four tables presented at the end of this Memorandum. As discussed 
during the TAT meetings, costs are segregated based upon the type of remediation required as follows: 

�  Structural Remediations (addressing through seepage, underseepage, and stability hazards) 

�  Waterside Erosion Remediations 

�  Freeboard and Geometry Remediations 

For each type of remediation, costs are typically sorted and grouped first by GAR Study Area (i.e., 1, 2, 
and 3), then by overall Hazard Categorization (i.e., A, B, C, or LD), then by segment number and name 
(e.g., Segment 189, RD 544 Unit 1).  
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Table 1 provides an overall summary of costs by GAR study area, Hazard Level Categorization, and 
remediation type. Table 1 also includes miscellaneous costs associated with anomalous hazards 
identified in the Draft GAR. 

Table 2 provides the summary of costs specifically for the structural remediations to address through 
seepage, underseepage, and stability deficiencies.  

Table 3 provides the summary of costs specifically for erosion remediations. As noted previously, these 
costs were developed assuming the erosion hazard lengths identified in the Draft GAR were repaired. 
This represents an upper bound estimate of the erosion remediation cost. A lower bound cost estimate 
was also estimated by assuming that only about 20-percent of the erosion hazard length specified in the 
Draft GAR is remediated immediately, and the remainder is remediated on an on-going basis using 
maintenance budgets. This would result in reducing the costs provided in Table 3 by 80 percent. Another 
approach to remediating erosion might be to remediate only Hazard Category C segments, leaving 
Categories B and LD to be remediated as an on-going maintenance activity. These costing approaches 
are summarized as follows: 

Possible Waterside Erosion Remediation Strategies Estimated Cost 

1. Remediate All Deficient Lengths in Draft GAR (B, C, LD) $ 759,000,000 

2. Remediate Only Category C Deficient Lengths in Draft GAR $ 338,000,000 

3. Remediate 20-Percent of All Deficient Length in Draft GAR $ 152,000,000 

4. Remediate 20-Percent of Only Category C Deficient Length in 
Draft GAR 

$   68,000,000 

 
Table 4 provides the summary of costs to remediate freeboard and geometry deficiencies.  

Detailed backup information for segment specific estimates is provided in Attachment 2. Tables 1 through 
4 were developed by extracting select information from the database compiled from data included in the 
Draft GAR Levee Assessment Tools (LATs) and the Estimating Tools.  

5.2 Remediation Costs for Levee Segments Not Included in the Draft GAR 

 As previously noted, 9 levee segments representing approximately 5 percent of the total levee length in 
the South NULE Study Area were not included in the Draft GAR. The TAT agreed that some cost for 
assumed remediation of the additional segments should be included in the cost estimates provided with 
this memorandum.  Based on 5 percent of the total remediation cost estimated for the assessed 
segments included in the attached summary, the additional total costs for remediation of the remaining 
segments in the South NULE Study Area is estimated to be approximately $150,000,000. Specific 
remediation cost estimates for the additional segments will be included in the Final RACER. 
  
6.0 ESTIMATE LIMITATIONS AND FUTURE UPDATES 

The estimates provided in this memorandum are order-of-magnitude estimates based on limited data 
provided in the Draft GAR. Simplifying assumptions were agreed upon by the TAT to facilitate estimating 
costs that are reasonable and appropriate considering the limited physical and geotechnical data and lack 
of specific remediation designs. The estimated extent, depth, and cost of selected remediation 
alternatives used to address hazards and/or deficiencies identified in the Draft GAR are based on 
engineering judgment without detailed analysis, which is beyond the scope of work authorized by the task 
order. Cost estimate results presented in this memorandum should only be used by DWR as a tool for 
levee remediation program planning and not for actual construction budget planning for specific 
segments.  

Estimates provided here are for hazards and deficiencies described in the current Draft GAR. The Draft 
GAR is being updated. Upon completion, the associated remediation cost estimates will be revised. 
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Table 1 Remediation Costs Grouped By GAR Study Area and Assigned 
Category 

Table 2 Through seepage, Underseepage and Stability Remediation Costs 
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Table 3 Erosion Remediation Costs Grouped by Study Area and Assigned 
Category 

Table 4 Freeboard and Geometry Costs Grouped by GAR Study Area 

 
 
 



TABLE 1
NORTH NULE RACER

 REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Overall Summary

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)
Freeboard/Geometry Remediations

Total Cost ($)
Structural Remediations

Length (Feet) Length (Feet)
Miscellaneous Remediations

Total Cost ($)Length (Feet)
Segment Details

GAR Categorization

Hazard Level A $0 $0 $8,988,000 $075,896 0 0 39,300

Hazard Level B $193,121,000 $23,695,000 $8,388,000 $485,000385,417 211,340 33,880 51,220

Hazard Level C $1,508,216,000 $658,080,000 $89,894,000 $27,391,0001,913,029 1,295,010 397,280 317,850

Hazard Level LD (A/B) $213,829,000 $71,837,000 $3,073,000 $0244,363 160,490 50,390 18,650

Hazard Level LD (B/C) $28,350,000 $5,355,000 $1,485,000 $063,472 17,450 5,750 5,750

Grand Total: $1,943,516,000 $758,967,000 $111,828,000 $27,876,0002,682,177 1,684,290 487,300 432,770

Note: Estimates are order of magnitude estimates.

Structural remediations refer to underseepage, through seepage, or stability remediations.
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DRAFT TABLE 1
SOUTH NULE RACER

 REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)
Freeboard/Geometry Remediations

Total Cost ($)
Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 1

Miscellaneous Remediations
Total Cost ($)Length (Feet)

Segment Details
GAR Categorization

Hazard Level A $0 $0 $228,000 $08,820 0 0 880

Hazard Level B $47,739,000 $23,695,000 $1,116,000 $0117,835 48,310 33,880 3,110

Hazard Level C $512,701,000 $305,479,000 $13,877,000 $0473,548 339,220 168,070 35,380

Hazard Level LD (A/B) $36,792,000 $71,837,000 $524,000 $062,270 19,780 50,390 1,190

Hazard Level LD (B/C) $11,836,000 $0 $0 $05,950 5,950 0 0

Subtotal: $609,068,000 $401,011,000 $15,745,000 $0668,423 413,260 252,340 40,560

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)
Freeboard/Geometry Remediations

Total Cost ($)
Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 2

Miscellaneous Remediations
Total Cost ($)Length (Feet)

Segment Details
GAR Categorization

Hazard Level B $8,408,000 $0 $0 $09,476 9,480 0 0

Hazard Level C $319,789,000 $106,203,000 $36,111,000 $1,256,000319,322 253,610 60,040 44,880

Subtotal: $328,197,000 $106,203,000 $36,111,000 $1,256,000328,798 263,090 60,040 44,880

Note: Estimates are order of magnitude estimates.

Structural remediations refer to underseepage, through seepage, or stability remediations.
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DRAFT TABLE 1
SOUTH NULE RACER

 REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Length (Feet) Total Cost ($)
Erosion Remediations

Total Cost ($)
Freeboard/Geometry Remediations

Total Cost ($)
Structural Remediations

Length (Feet) Length (Feet)

GAR Study Area: 3

Miscellaneous Remediations
Total Cost ($)Length (Feet)

Segment Details
GAR Categorization

Hazard Level A $0 $0 $8,760,000 $067,076 0 0 38,420

Hazard Level B $136,974,000 $0 $7,272,000 $485,000258,106 153,550 0 48,110

Hazard Level C $675,726,000 $246,398,000 $39,906,000 $26,135,0001,120,159 702,180 169,170 237,590

Hazard Level LD (A/B) $177,037,000 $0 $2,549,000 $0182,093 140,710 0 17,460

Hazard Level LD (B/C) $16,514,000 $5,355,000 $1,485,000 $057,522 11,500 5,750 5,750

Subtotal: $1,006,251,000 $251,753,000 $59,972,000 $26,620,0001,684,956 1,007,940 174,920 347,330

Note: Estimates are order of magnitude estimates.

Structural remediations refer to underseepage, through seepage, or stability remediations.
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DRAFT TABLE 2
SOUTH NULE RACER

THROUGH SEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION 
COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment
Total Remediation

Cost ($)
Cost Per 

Remediated Mile ($)
Remediated

Length (Feet)
Segment

Length (Feet)
Remediated
Deficiencies

GAR Study Area: 1

Hazard Level B

RD 2094, Unit 1 14,679 14,680 $17,915,000 $6,444,000U+T201

RD 2096, Unit 1 871 870 $2,176,000 $13,194,000U+T203

RD 2107, Unit 2 9,599 9,600 $10,771,000 $5,925,000U+Sn+T259

RD 2062, Unit 2 29,319 20,520 $13,007,000 $3,346,000U336

RD 2089, Grant Line Canal 4,400 2,640 $3,870,000 $7,740,000U5013

Hazard Level B Subtotal 48,310 $47,739,00058,868 $5,217,000

Hazard Level C

RD 1, Unit 1 5,904 5,900 $9,932,000 $8,882,000U+Sn+T185

RD 524, Unit 1 32,733 16,370 $33,325,000 $10,751,000U+T188

RD 544, Unit 1 31,833 25,470 $33,824,000 $7,013,000U+T189

RD 2058, Unit 1 40,412 32,330 $27,229,000 $4,447,000U+T192

RD 2064, Unit 1 29,314 29,310 $39,697,000 $7,150,000U+T195

RD 2075, Unit 1 39,202 39,200 $53,317,000 $7,181,000U+T196

RD 2085, Unit 1 27,893 27,890 $49,493,000 $9,369,000U+T197

RD 2089, Unit 1 8,139 7,330 $11,799,000 $8,505,000U+Sn+T198

RD 2095, Unit 1 7,297 7,300 $8,900,000 $6,440,000U+T202

RD 2107, Unit 1 12,299 12,300 $19,069,000 $8,187,000U+Sn+T208

RD 2062, Unit 3 29,105 23,280 $31,406,000 $7,122,000U+Sn+T256

U = Underseepage      

T = Through Seepage        

Sn = Non-seepage Related Stability    

Note: Estimates are order of magnitude estimates.
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DRAFT TABLE 2
SOUTH NULE RACER

THROUGH SEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION 
COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

RD 2064, Unit 2 32,550 19,530 $25,699,000 $6,948,000U+T257

RD 2095, Unit 2 18,172 29,080 $66,020,000 $11,989,000U+T258

RD 544, Unit 2 22,071 4,410 $5,740,000 $6,865,000U+T334

RD 2089, Unit 2 6,854 4,800 $6,103,000 $6,716,000U+T335

RD 544, Middle River 25,550 17,880 $26,929,000 $7,950,000U+T5008

RD 1, Middle River 53,320 26,660 $45,031,000 $8,918,000U+T5010

RD 348, Mokelumne River 50,900 10,180 $19,188,000 $9,952,000U+T5019

Hazard Level C Subtotal 339,220 $512,701,000473,548 $7,980,000

Hazard Level LD

RD 524, Middle River 11,880 7,130 $13,807,000 $10,227,000U+T5009

RD 2089, Dryland levee 5,950 5,950 $11,836,000 $10,503,000U+Sn+T5012

RD 1007, Sugar Cut 6,350 640 $1,235,000 $10,267,000U5015

RD 1007, Old River 40,040 12,010 $21,750,000 $9,560,000U5018

Hazard Level LD Subtotal 25,730 $48,628,00064,220 $9,980,000

Area 1 Subtotal 413,260 $609,068,000 $7,782,000596,636

U = Underseepage      

T = Through Seepage        

Sn = Non-seepage Related Stability    

Note: Estimates are order of magnitude estimates.
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DRAFT TABLE 2
SOUTH NULE RACER

THROUGH SEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION 
COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment
Total Remediation

Cost ($)
Cost Per 

Remediated Mile ($)
Remediated

Length (Feet)
Segment

Length (Feet)
Remediated
Deficiencies

GAR Study Area: 2

Hazard Level B

RD 2102, Unit 1 9,476 9,480 $8,408,000 $4,685,000U+Sn+T207

Hazard Level B Subtotal 9,480 $8,408,0009,476 $4,685,000

Hazard Level C

RD 1602, Unit 1 32,866 29,580 $30,411,000 $5,428,000U+T190

RD 2031, Unit 1 37,242 14,900 $15,046,000 $5,333,000U+T191

RD 2063, Unit 1 55,066 49,560 $60,077,000 $6,400,000U+T194

RD 2091, Unit 1 39,679 27,780 $37,462,000 $7,121,000U+T199

RD 2092, Unit 1 19,544 15,640 $20,104,000 $6,789,000U+T200

RD 2099, Unit 1 12,630 11,370 $15,331,000 $7,121,000U+Sn+T204

RD 2100, Unit 1 13,952 12,560 $14,444,000 $6,073,000U+Sn+T205

RD 2101, Unit 1 16,550 14,900 $20,090,000 $7,121,000U+T206

RD 2031, Unit 2 31,509 22,060 $29,380,000 $7,033,000U+T341

Tuolumne River, Right Bank 36,539 36,540 $54,914,000 $7,935,000U+T5001

Tuolumne River, Left Bank 16,745 11,720 $13,834,000 $6,232,000U+T5002

San Joaquin River, Left Bank 7,000 7,000 $8,696,000 $6,559,000U+T5003

Hazard Level C Subtotal 253,610 $319,789,000319,322 $6,659,000

Area 2 Subtotal 263,090 $328,197,000 $6,587,000328,798

U = Underseepage      

T = Through Seepage        

Sn = Non-seepage Related Stability    

Note: Estimates are order of magnitude estimates.
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DRAFT TABLE 2
SOUTH NULE RACER

THROUGH SEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION 
COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment
Total Remediation

Cost ($)
Cost Per 

Remediated Mile ($)
Remediated

Length (Feet)
Segment

Length (Feet)
Remediated
Deficiencies

GAR Study Area: 3

Hazard Level B

Madera County FCWCA, Unit 4 11,711 4,680 $3,473,000 $3,915,000U+T12

Lower San Joaquin River Levee District, Unit 59,855 35,910 $23,229,000 $3,415,000U+T176

Lower San Joaquin Levee District, Unit 5 22,382 13,430 $8,116,000 $3,191,000T179

Lower San Joaquin Levee District, Unit 5 6,439 6,440 $3,536,000 $2,900,000T180

Lower San Joaquin Levee District, Unit 5 15,830 15,830 $12,015,000 $4,007,000U+T184

Lower San Joaquin Levee District, Unit 5 14,973 14,970 $12,415,000 $4,378,000U+T218

Lower San Joaquin Levee District, Unit 15 10,631 9,570 $8,490,000 $4,685,000U+T254

Lower San Joaquin Levee District, Unit 7 18,269 3,650 $2,962,000 $4,280,000U345

Lower San Joaquin Levee District, Unit 8 20,734 2,070 $1,844,000 $4,696,000U+T346

Lower San Joaquin Levee District, Unit 25 13,100 6,550 $5,779,000 $4,658,000U353

Lower San Joaquin Levee District, Unit 13 7,079 5,660 $4,376,000 $4,080,000U+T356

Lower San Joaquin Levee District, Unit 14 7,059 5,650 $4,263,000 $3,986,000U+T358

Lower San Joaquin Levee District, Unit 16 10,304 9,270 $6,983,000 $3,976,000U+T359

San Joaquin River, Reach 2B 39,740 19,870 $39,493,000 $10,494,000U+T5033

Hazard Level B Subtotal 153,550 $136,974,000258,106 $4,709,000

Hazard Level C

Lower San Joaquin Levee District, Unit 2 72,510 36,260 $28,889,000 $4,207,000U+T177

Lower San Joaquin Levee District, Unit 1 41,806 37,630 $30,349,000 $4,259,000U+T178

U = Underseepage      

T = Through Seepage        

Sn = Non-seepage Related Stability    

Note: Estimates are order of magnitude estimates.
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DRAFT TABLE 2
SOUTH NULE RACER

THROUGH SEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION 
COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Lower San Joaquin Levee District, Unit 1 17,550 12,280 $10,249,000 $4,405,000U+T181

Lower San Joaquin Levee District, Unit 5 104,000 104,000 $113,499,000 $5,762,000U+T182

Lower San Joaquin Levee District, Unit 3, 11,054 11,050 $7,587,000 $3,624,000U+T183

Lower San Joaquin Levee District, Unit 23 54,042 16,210 $13,947,000 $4,542,000U+T219

Lower San Joaquin Levee District, Unit 24 44,251 22,130 $17,058,000 $4,071,000U+T220

Lower San Joaquin Levee District, Unit 6 50,709 50,710 $69,190,000 $7,204,000U+T252

Lower San Joaquin Levee District, Unit 6 86,704 34,680 $41,673,000 $6,344,000U+T253

Lower San Joaquin levee District, Unit 17 85,013 76,510 $80,741,000 $5,572,000U+T261

Madera County FCWCA, Unit 5 47,744 42,970 $33,833,000 $4,157,000U+T27

Madera County FCWCA, Unit 6 47,492 23,750 $17,954,000 $3,992,000U+T28

Lower San Joaquin Levee District, Unit 6 50,271 50,270 $33,040,000 $3,470,000U+T351

Lower San Joaquin Levee District, Unit 11 17,470 10,480 $10,148,000 $5,112,000U352

Lower San Joaquin Levee District, Unit 12 17,958 8,980 $8,895,000 $5,231,000U354

Lower San Joaquin Levee District, Unit 18 84,351 59,050 $63,847,000 $5,709,000U+T357

Madera County FCWCA, Berenda Slough 38,960 19,480 $14,013,000 $3,798,000U+T5023

Madera FCWCA, Berenda Slough 31,300 28,170 $19,610,000 $3,676,000U+T5024

Madera County FCWCA, Fresno River 27,700 11,080 $8,330,000 $3,970,000U+T5025

Madera County FCWCA, Fresno River 27,500 8,250 $6,785,000 $4,342,000U+T5026

San Joaquin River, Reach 4A 102,904 20,580 $23,310,000 $5,980,000U+T5031

San Joaquin River Reach 2B 43,710 13,110 $17,490,000 $7,042,000U+T5032

Fresno Slough 15,160 4,550 $5,289,000 $6,140,000U+T5034

Hazard Level C Subtotal 702,180 $675,726,0001,120,159 $5,081,000

U = Underseepage      

T = Through Seepage        

Sn = Non-seepage Related Stability    

Note: Estimates are order of magnitude estimates.
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DRAFT TABLE 2
SOUTH NULE RACER

THROUGH SEEPAGE, UNDERSEEPAGE, AND STABILITY REMEDIATION 
COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Hazard Level LD

Lower San Joaquin Levee District, Unit 4 7,425 7,420 $1,389,000 $988,000U355

San Joaquin River, Reach 4A 63,630 57,270 $66,803,000 $6,159,000U5028

San Joaquin River, Reach 4A 57,522 11,500 $16,514,000 $7,579,000U+T5029

San Joaquin River, Reach 3 102,521 71,760 $98,358,000 $7,237,000U5030

Merced County Stream Group, Unit 1 8,517 4,260 $10,487,000 $13,003,000U73

Hazard Level LD Subtotal 152,210 $193,551,000239,615 $6,714,000

Area 3 Subtotal 1,007,940 $1,006,251,000 $5,271,0001,617,880

U = Underseepage      

T = Through Seepage        

Sn = Non-seepage Related Stability    

Note: Estimates are order of magnitude estimates.
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DRAFT TABLE 3
SOUTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment
Construction Cost Per
Remediated Mile ($)

Remediation
Cost ($)

Segment
Length (Feet)

Erosion Repair 
Length (Feet)

GAR Study Area: 1

Erosion Catergory: Hazard Level B

RD 544, Unit 1 31,833 $54,622,000 $9,060,000189 31,830

RD 2062, Unit 3 29,105 $16,344,000 $9,883,000256 8,730

RD 544, Unit 2 22,071 $26,510,000 $9,060,000334 15,450

Mormon Slough 58,967 $16,037,000 $2,872,0005006 29,480

RD 544, Middle River 25,550 $35,677,000 $7,373,0005008 25,550

RD 1, Middle River 53,320 $110,023,000 $10,895,0005010 53,320

RD 2089, Grant Line Canal 4,400 $7,658,000 $9,190,0005013 4,400

$266,871,000168,760225,246Hazard Level B Subtotal $8,349,000

Note: 

Estimates are order of magnitude estimates.

Construction cost includes direct construction costs plus contingency.
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DRAFT TABLE 3
SOUTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment
Construction Cost Per
Remediated Mile ($)

Remediation
Cost ($)

Segment
Length (Feet)

Erosion Repair 
Length (Feet)

GAR Study Area: 1

Erosion Catergory: Hazard Level C

RD 1, Unit 1 5,904 $1,508,000 $13,486,000185 590

RD 524, Unit 1 32,733 $11,430,000 $9,219,000188 6,550

RD 2058, Unit 1 40,412 $7,644,000 $9,987,000192 4,040

RD 2064, Unit 1 29,314 $5,118,000 $9,218,000195 2,930

RD 2085, Unit 1 27,893 $9,740,000 $9,219,000197 5,580

RD 2089, Unit 1 8,139 $16,278,000 $11,733,000198 7,330

RD 2089, Unit 2 6,854 $10,585,000 $9,060,000335 6,170

$62,303,00033,190151,249Hazard Level C Subtotal $9,914,000

Erosion Catergory: Hazard Level LD (A/B)

RD 1007, Tom Paine Slough 4,000 $6,261,000 $8,265,0005014 4,000

RD 1007, Sugar Cut 6,350 $3,454,000 $2,872,0005015 6,350

RD 1007, Old River 40,040 $62,122,000 $8,192,0005018 40,040

$71,837,00050,39050,390Hazard Level LD (A/B) Subt $7,527,000

Area 1 Subtotal 252,340 $401,011,000 $8,391,000426,885

Note: 

Estimates are order of magnitude estimates.

Construction cost includes direct construction costs plus contingency.
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DRAFT TABLE 3
SOUTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment
Construction Cost Per
Remediated Mile ($)

Remediation
Cost ($)

Segment
Length (Feet)

Erosion Repair 
Length (Feet)

GAR Study Area: 2

Erosion Catergory: Hazard Level C

RD 2092, Unit 1 19,544 $24,258,000 $8,192,000200 15,640

RD 2101, Unit 1 16,550 $3,415,000 $10,895,000206 1,660

RD 2031, Unit 2 31,509 $5,501,000 $9,218,000341 3,150

Tuolumne River, Right Bank 36,539 $62,637,000 $10,057,0005001 32,890

$95,811,00053,340104,142Hazard Level C Subtotal $9,487,000

Erosion Catergory: Hazard Level LD (A/B)

Tuolumne River, Left Bank 16,745 $10,392,000 $8,192,0005002 6,700

$10,392,0006,70016,745Hazard Level LD (A/B) Subt $8,192,000

Area 2 Subtotal 60,040 $106,203,000 $9,342,000120,887

Note: 

Estimates are order of magnitude estimates.

Construction cost includes direct construction costs plus contingency.
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DRAFT TABLE 3
SOUTH NULE RACER

EROSION REMEDIATION COSTS GROUPED BY GAR STUDY AREA AND ASSIGNED CATEGORY

Segment
Construction Cost Per
Remediated Mile ($)

Remediation
Cost ($)

Segment
Length (Feet)

Erosion Repair 
Length (Feet)

GAR Study Area: 3

Erosion Catergory: Hazard Level B

San Joaquin River, Reach 4A 57,522 $5,355,000 $4,915,0005029 5,750

San Joaquin River Reach 2B 43,710 $66,647,000 $8,051,0005032 43,710

$72,002,00049,460101,232Hazard Level B Subtotal $7,686,000

Erosion Catergory: Hazard Level C

Madera County FCWCA, Berenda Slough 38,960 $56,278,000 $7,627,0005023 38,960

Madera FCWCA, Berenda Slough 31,300 $45,213,000 $7,627,0005024 31,300

Madera County FCWCA, Fresno River 27,700 $39,272,000 $7,486,0005025 27,700

Madera County FCWCA, Fresno River 27,500 $38,988,000 $7,486,0005026 27,500

$179,751,000125,460125,460Hazard Level C Subtotal $7,565,000

Area 3 Subtotal 174,920 $251,753,000 $7,599,000226,692

Note: 

Estimates are order of magnitude estimates.

Construction cost includes direct construction costs plus contingency.
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DRAFT TABLE 4
SOUTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment
F/G Repair

Cost ($)
Construction Cost Per
Remediated Mile ($)

Construction 
Cost ($)

Owner 
Cost ($)

Segment 
Length (Feet)

Repair 
Length (Feet)

GAR Study Area: 1

Land
Cost ($)

RD 524, Unit 1 32,733 3,270 $1,262,000 $390,000 $1,659,000$2,036,000 $6,000188

RD 544, Unit 1 31,833 6,370 $1,482,000 $460,000 $1,954,000$1,229,000 $12,000189

RD 2094, Unit 1 14,679 2,940 $789,000 $244,000 $1,039,000$1,419,000 $5,000201

RD 2096, Unit 1 871 170 $49,000 $18,000 $77,000$1,498,000 $10,000203

RD 2064, Unit 2 32,550 3,260 $779,000 $243,000 $1,034,000$1,264,000 $12,000257

RD 544, Unit 2 22,071 4,410 $1,725,000 $535,000 $2,275,000$2,063,000 $15,000334

RD 524, Burns Cut 8,820 880 $173,000 $54,000 $228,000$1,036,000 $2,0005007

RD 544, Middle River 25,550 2,560 $671,000 $219,000 $932,000$1,387,000 $42,0005008

RD 524, Middle River 11,880 1,190 $377,000 $123,000 $524,000$1,677,000 $24,0005009

RD 1, Middle River 53,320 5,330 $1,202,000 $376,000 $1,598,000$1,190,000 $21,0005010

RD 348, Mokelumne River 50,900 10,180 $3,219,000 $1,041,000 $4,425,000$1,670,000 $165,0005019

$15,745,000$3,703,000$314,000$1,527,000$11,728,00040,560Area 1 Subtotal: 32,733

Note: F/G = Freeboard and Geometry

Construction cost includes direct construction costs plus contingency.

Owner cost includes engineering, construction management, escalation, temporary and permanent easements, etc.

Estimates are order of magnitude estimates.
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DRAFT TABLE 4
SOUTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment
F/G Repair

Cost ($)
Construction Cost Per
Remediated Mile ($)

Construction 
Cost ($)

Owner 
Cost ($)

Segment 
Length (Feet)

Repair 
Length (Feet)

GAR Study Area: 2

Land
Cost ($)

RD 2091, Unit 1 39,679 3,970 $1,140,000 $353,000 $1,500,000$1,517,000 $7,000199

RD 2092, Unit 1 19,544 1,950 $577,000 $179,000 $762,000$1,559,000 $6,000200

RD 2099, Unit 1 12,630 2,530 $737,000 $228,000 $970,000$1,541,000 $5,000204

RD 2100, Unit 1 13,952 2,790 $754,000 $234,000 $992,000$1,426,000 $5,000205

Tuolumne River, Right Bank 36,539 18,270 $12,606,000 $3,904,000 $16,593,000$3,643,000 $83,0005001

Tuolumne River, Left Bank 16,745 8,370 $6,689,000 $2,068,000 $8,787,000$4,218,000 $30,0005002

San Joaquin River, Left Bank 7,000 7,000 $4,963,000 $1,531,000 $6,507,000$3,744,000 $13,0005003

$36,111,000$8,497,000$149,000$3,231,000$27,466,00044,880Area 2 Subtotal: 39,679

Note: F/G = Freeboard and Geometry

Construction cost includes direct construction costs plus contingency.

Owner cost includes engineering, construction management, escalation, temporary and permanent easements, etc.

Estimates are order of magnitude estimates.
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DRAFT TABLE 4
SOUTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment
F/G Repair

Cost ($)
Construction Cost Per
Remediated Mile ($)

Construction 
Cost ($)

Owner 
Cost ($)

Segment 
Length (Feet)

Repair 
Length (Feet)

GAR Study Area: 3

Land
Cost ($)

Lower San Joaquin Levee District, Unit 2 72,510 21,750 $2,513,000 $786,000 $3,338,000$610,000 $40,000177

Lower San Joaquin Levee District, Unit 5 22,382 17,910 $2,090,000 $653,000 $2,777,000$616,000 $33,000179

Lower San Joaquin Levee District, Unit 5 6,439 5,150 $530,000 $174,000 $705,000$543,000 $9,000180

Lower San Joaquin Levee District, Unit 1 17,550 8,780 $1,038,000 $324,000 $1,378,000$624,000 $16,000181

Lower San Joaquin Levee District, Unit 3, 11,054 3,320 $359,000 $112,000 $477,000$571,000 $6,000183

Lower San Joaquin Levee District, Unit 5 15,830 1,580 $193,000 $61,000 $261,000$644,000 $6,000184

Lower San Joaquin Levee District, Unit 23 54,042 10,810 $1,308,000 $417,000 $1,772,000$639,000 $48,000219

Lower San Joaquin Levee District, Unit 24 44,251 8,850 $1,040,000 $323,000 $1,371,000$621,000 $8,000220

Lower San Joaquin Levee District, Unit 6 50,709 30,430 $3,552,000 $1,110,000 $4,718,000$616,000 $56,000252

Lower San Joaquin Levee District, Unit 6 86,704 26,010 $2,841,000 $899,000 $3,819,000$577,000 $80,000253

Lower San Joaquin levee District, Unit 17 85,013 8,500 $1,037,000 $330,000 $1,401,000$644,000 $34,000261

Lower San Joaquin Levee District, Unit 5 19,893 5,970 $1,130,000 $351,000 $1,491,000$999,000 $11,000343

Lower San Joaquin Levee District, Unit 22 9,210 8,290 $1,997,000 $619,000 $2,632,000$1,272,000 $15,000344

Lower San Joaquin Levee District, Unit 7 18,269 9,130 $1,042,000 $326,000 $1,384,000$602,000 $17,000345

Lower San Joaquin Levee District, Unit 8 20,734 10,370 $1,182,000 $370,000 $1,571,000$602,000 $19,000346

Lower San Joaquin Levee District, Unit 9 4,240 2,120 $394,000 $123,000 $521,000$982,000 $4,000347

Lower San Joaquin Levee District, Unit 10 4,175 1,250 $202,000 $63,000 $267,000$852,000 $2,000348

Lower San Joaquin Levee District, Unit 22 14,436 12,990 $936,000 $1,003,000 $1,232,000$380,000 $7,000349

Lower San Joaquin Levee District, Unit 22 5,433 4,890 $1,238,000 $384,000 $1,630,000$1,336,000 $9,000350

Note: F/G = Freeboard and Geometry

Construction cost includes direct construction costs plus contingency.

Owner cost includes engineering, construction management, escalation, temporary and permanent easements, etc.

Estimates are order of magnitude estimates.
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DRAFT TABLE 4
SOUTH NULE RACER

FREEBOARD AND GEOMETRY REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Segment
F/G Repair

Cost ($)
Construction Cost Per
Remediated Mile ($)

Construction 
Cost ($)

Owner 
Cost ($)

Segment 
Length (Feet)

Repair 
Length (Feet)

GAR Study Area: 3

Land
Cost ($)

Lower San Joaquin Levee District, Unit 6 50,271 30,160 $3,256,000 $1,019,000 $4,331,000$570,000 $55,000351

Lower San Joaquin Levee District, Unit 11 17,470 1,750 $199,000 $62,000 $265,000$602,000 $3,000352

Lower San Joaquin Levee District, Unit 18 84,351 42,180 $5,178,000 $1,655,000 $7,034,000$648,000 $201,000357

Madera County FCWCA, Fresno River 27,700 5,540 $627,000 $204,000 $865,000$598,000 $34,0005025

Madera County FCWCA, Fresno River 27,500 2,750 $311,000 $101,000 $428,000$597,000 $17,0005026

San Joaquin River, Reach 4A 63,630 6,360 $686,000 $211,000 $896,000$569,000 $05028

San Joaquin River, Reach 4A 57,522 5,750 $1,125,000 $349,000 $1,485,000$1,032,000 $11,0005029

San Joaquin River, Reach 3 102,521 10,250 $1,105,000 $340,000 $1,444,000$569,000 $05030

San Joaquin River, Reach 4A 102,904 30,870 $6,009,000 $1,849,000 $7,858,000$1,028,000 $05031

San Joaquin River Reach 2B 43,710 4,370 $479,000 $150,000 $637,000$578,000 $8,0005032

San Joaquin River, Reach 2B 39,740 3,970 $439,000 $135,000 $574,000$584,000 $05033

Fresno Slough 15,160 1,520 $163,000 $50,000 $214,000$569,000 $05034

Merced County Stream Group, Unit 1 8,517 850 $160,000 $49,000 $209,000$990,000 $073

Merced County Stream Group, Unit 2 9,689 2,910 $738,000 $232,000 $987,000$1,341,000 $16,00074

$59,972,000$14,834,000$765,000$686,000$45,097,000347,330Area 3 Subtotal: 72,510

Note: F/G = Freeboard and Geometry

Construction cost includes direct construction costs plus contingency.

Owner cost includes engineering, construction management, escalation, temporary and permanent easements, etc.

Estimates are order of magnitude estimates.
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Figure 1 Proposed Land Acquisition Approach (URS, 2010) 

Figure 2 Typical Remediation Details (URS, 2010) 

Figure 3 Rock Slope Protection (URS, 2010) 

Figure 4 Freeboard and Geometry Repair (URS, 2010) 

Figure 5 Remediation Selection Form (URS, 2010) 

 
 











DWR Non Urban Levee Evaluations (NULE) Program

Selection of Remediation Alternatives for NULE RACER

Segment Identification and Location LAT Data Summary from Draft GAR, Dated June 2010

Segment ID: Deficiency Extent Comments Evaluated By:

Reach No.: (%  of Total Length) Area Lead: 

Total Length: (feet)      Date:

Name: Prepared By:

Agency:      Date:

Unit:

Levee Mile:

NULE Stationing:

Select Alternative Parameters for Estimating - Seepage and Stability

Length

Existing 

ROW

See 

Note 1

Crest 

W idth Comments

Deficiency From To (Feet) W idth "H" "H1" "H" "W " "H" "H1" "W " "% " "W " "H" "D" "H" "D" "Orch" "Agr" "Res" "Com"

Note 1: Provide the estimated %  of levee degrade material that could be reused for levee reconstruction for either the conventional backhoe option or the DSM wall option.

Select Alternative Parameters for Estimating - Rock Slope Protection and Geometry Repairs

Length Comments

Deficiency From To (Feet) W idth

Slope 

Length "H" "h1" "Crest" "H" "Orch" "Agr" "Res" "Com"

FIGURE 5

ROW  Land Use (% )

Drained 

StabilityBerm Combination Berm

Erosion

Through Seepage

Stability

Rock Slope

Protection

Replacement

Levee

ROW  Land Use (% )

Remediation Alternatives Selected

Located Between Seepage Berm

Slurry W all (Pick Only One)

Conventional 

Backhoe DSM W all

Potential Failure

Located Between

Existing 

ROW

Geometry

Repair

Categorization

Underseepage
Mode

Right Bank Sta  to Sta

LM to LM 

Unit 

RD



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT 1 
 

LIST OF KEY ESTIMATING ASSUMPTIONS 
(URS, 2010) 



ATTACHMENT 1 

KEY ASSUMPTIONS FOR ESTIMATING  
NULE RACER COST MEMORANDUM 

 

NULE RACER Page 1 
Estimating Assumptions  

Assumptions and Discussion 
1. Cost estimate will include project and non-project levees within the Non-Urban Levee Evaluation 

(NULE) project scope for which information is available in the Draft Geotechnical Assessment 
Report (GAR). 

2. Remediation estimates will be prepared for levee segments with composite classifications of “B,” 
“C,” or “LD.” Estimates currently include levee segments with an “LD” classification that could 
become an “A” classification based upon additional information obtained in the future. 

3. Construction cost estimates will be escalated at 3% to October 2011 based upon information 
received in the Central Valley Flood Management Plan (CVFMP)-Urban Levee Evaluation 
(ULE)/NULE coordination meeting held on July 7, 2010.  The 3% value is conservative over the 
near future given the current economic climate. 

4. The NULE Remedial Alternative Cost Estimate Report (RACER) cost estimate to be provided to 
the Department of Water Resources (DWR), will include the cost estimate spreadsheet and several 
pages of text describing the work approach, key assumptions, and limitations. Costs will be 
provided by segment and for the overall project. A summary sheet will list the cost for alternatives 
considered for remediation of a deficiency where alternatives are feasible. The actual format for 
the spreadsheet will be developed as the work progresses through the Technical Approach Team 
meeting process. 

5. Because of the limited information available to evaluate levees for the GAR, the cost estimate will 
be an order-of-magnitude cost estimate comparable to a Class 4 estimate as defined by the 
American Association for the Advancement of Cost Estimating, which can vary in accuracy from 
-30% on the low side to from +20% to +50-percent on the high side.  

6. Preparation of estimates for the CVFMP process may require the addition of other remediation 
measures to the cost estimating tool. These will be added at a later date in a manner mutually 
agreed between DWR and URS. Adding remediation alternatives should not affect the NULE 
RACER cost estimate.  

7. A small percentage (approximately 6%) of levee mileage was not covered in the levee assessment 
tool (LAT)/GAR process due to complete lack of information, lack of authorized access, etc. The 
cost to remediate this mileage will be estimated as a percentage of the cost to remediate similar 
mileage where information is available. As a starting point, the percentage will be based upon the 
ratio of the mileage not evaluated to the total mileage in the program. 

8. Cost estimates for remediation alternatives will include: 
• Direct construction costs 
• Contingencies (30% of construction cost) 
• Design, Engineering costs (15% of construction cost)  
• CM (15% of construction cost) 
• Permitting/Legal (5% of construction cost) (See Items 16 and 17 also) 
• Environmental mitigation (25% or 35% of construction cost) (see Item 32 also) 
• Escalation (3% per year) 

9. The cost estimating tool is currently limited to eight remediation types: drained stability berm; 
seepage berm; combination seepage-stability berm; conventional slurry wall to maximum depth of 
70 feet below working surface; deep soil mixing (DSM) wall for wall more than 70 feet deep 
measured below the working surface; erosion repair; and levee replacement in place; and 
freeboard/geometry.  
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Assumptions and Discussion 
10. The only remediation being considered for waterside erosion is the placement of rock slope 

protection in deficient reaches. The length of slope repair on slope will be six times the landside 
levee height.  The following costs per foot have been prepared for four levee heights: 
 

Levee Height     Slope Length      $ Per Foot 
     5 feet                  30 feet             $523 
   10 feet                  60 feet          $1,070 
   15 feet                  90 feet          $1,642 
   20 feet                 120 feet         $2,240 
 

The estimating tool will interpolate the cost per foot from the above values based on the actual 
levee height where remediation is required.  
 
The lengths of levee to be remediated as specified in the Draft GAR are large and may result in a 
significant remediation cost compared to other deficiencies.  As suggested by DWR, the cost 
memorandum will include a cost to repair all lengths specified in the Draft GAR and a cost to 
repair a lesser length ( 20% of the length specified in the Draft GAR).  The latter cost assumes that 
other areas requiring remediation would be repaired as part of an ongoing maintenance program. 

11. For any remediation requiring additional land acquisition, existing right-of-way (ROW) would be 
estimated from existing readily available data (assessor’s maps, owner contact, fence lines on 
aerials, etc.). In the absence of such data, existing ROW width will be assumed to be zero. For the 
cost estimates provided in the cost memorandum, all estimates assume that no existing easement 
exists due to the general lack of easement data (see cost memorandum Figure 1 for easement 
requirements for estimating). 

12. For any berm-type remediation requiring land acquisition, 20 feet of addition permanent ROW 
will be acquired along the landside toe of the remediation to satisfy planned Central Valley Flood 
Protection Board (CVFPB) easement requirements (see cost memorandum Figure 1). 

13. For any berm remediation requiring additional land acquisition, 5 feet of additional temporary 
easement will be obtained such that the 5-foot temporary easement plus the adjacent 20-foot 
permanent easement for CVFPB will provide a construction easement of 25 feet along the 
landside toe of the remediation (see cost memorandum Figure 1). 

14. For slurry wall or DSM remediations, the 20-foot CVFPB permanent easement (less any existing 
easement) and 5-foot temporary easement will also be obtained along the landside toe of the levee 
(see cost memorandum Figure 1). 

15. No allowance will be included in the estimate for temporary or permanent property acquisition for 
levee segments with an “A” classification (unless freeboard/geometry repair is needed) or for 
reaches within a levee segment where no remediation measures are required based upon the LAT 
and GAR. 

16. Costs for four land use categories are covered in the estimating tool: orchard, agricultural, 
industrial, and residential. Where remediations are required and land acquisition is needed, the 
percentage of each use category will be estimated from aerial photographs or other readily 
available information and a composite cost for temporary/permanent land acquisition based on the 
percentages will be used.  The basic land costs currently being used in the cost estimating tool are: 
 

Agricultural   $10,000 per acre 
Orchard   $30,000 per acre 
Industrial $150,000 per acre 
Residential $300,000 per acre 
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Assumptions and Discussion 
17. The temporary/permanent property acquisition costs described above address the cost of procuring 

the land. In addition, a 5% allowance for legal costs for land acquisition will also be included. The 
percentage will be multiplied by the total direct construction cost to obtain the legal cost 
percentage. Legal costs could be more expensive than the land acquisition cost depending upon 
the amount of land acquired.  

18. Wherever available, the United States Army Corps of Engineers (USACE) 55/57 water surface 
profiles are the design water surfaces for levee remediation evaluations.  Where 55/57 water 
surface information is not available, the design water surface is set at the existing crest level less 3 
feet, or at the 100-year water surface elevation, where appropriate. 

19. Remediation of levee geometry deficiencies is based upon the levee configuration described in the 
1953 Memorandum of Understanding between the USACE (USA) and State of California. In 
summary these configurations are: 3:1 waterside slopes for all levees, 20-foot- or 12-foot-wide 
crest depending upon location, 2.5:1 landside slopes for bypass levees, and 2:1 landside slopes for 
other levees.  

20. Selection of remediation alternatives and extent of remediation required will be based upon 
information in the LAT and GAR wherever possible. Simplifying assumptions would be made 
where information is not available (see seepage berm and slurry wall items below as an example). 
Where specific lengths for required remediation alternatives are not provided in the LAT and 
GAR documentation, or cannot be readily determined, the percentage of total segment length 
requiring remediation as noted in the GAR will be used. 

21. The estimate assumes the use of hydroseeding to revegetate new slopes or restore other areas 
disturbed during construction. The cost for plantings, irrigation systems, fencing, etc., installed as 
part of the emergency levee repair program will not be reflected in the NULE RACER estimate. 

22. For estimating purposes, all slurry walls and DSM walls are assumed to be 36 inches wide 
regardless of depth. 

23. Levee degrade for slurry wall and DSM wall construction is assumed to be 50% of the height of 
the levee measured on the landside, and the 50% degrade is assumed to provide suitable working 
width for equipment. For low height levees (generally 5 feet high or less) that require a cutoff 
wall, the levee section would be removed to existing grade measured on the landside.  

24. Imported or on-site material used to reconstruct levees within the levee prism or to construct 
drained stability berms is assumed to meet current USACE criteria for select levee fill. Material 
used to construct seepage berms (other than drain layers) can be any suitable material. 

25. NULE south will use different borrow rates from NULE north because suitable sandy material for 
berm construction may be more readily available close to project sites. Unit rates for borrow for 
both areas will be included in the cost estimating tool. 
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Assumptions and Discussion 
26. There may be areas where the length of seepage berm or depth of slurry wall cannot be 

determined based upon available information. In this case, an approximation method is used to 
select wall depths and seepage berm widths that would provide comparable levels of protection. 
Selections of wall depth and berm width are based upon landside height of levee and are as 
follows: 
 
No Geotechnical Data Available: 

Select H = Levee height measured from landside toe 
Depth of wall measured from foundation level is 20 feet minimum or 3*H, whichever is 
larger. 
Round result to the nearest higher foot and add H/2 to extend to degrade level and get total 
wall depth for estimating. 

Geotechnical Data Available: 
Select H = Levee height measured from landside toe 
 If aquaclude >70 feet and H<= 23 feet  then stop wall at 70 feet 

Assume 70 feet is measured from degrade level. 
(This assumes going to the maximum wall depth for conventional wall construction)  

 If aquaclude >70 feet and H>23 feet then go to aquaclude + 6 feet toe-in 
Add H/2 to extend to degrade level and get total DSM wall depth for estimating 

27. The cost estimate will not include any allowance for ongoing operation and maintenance costs of 
facilities after remediations are constructed. 

28. The cost to make animal burrow repairs will not be included in the cost estimate. However, the 
documentation for the cost memorandum will include an estimate of the average cost per mile to 
repair such damage based upon DWR experience. DWR will provide the cost to URS for 
incorporation in the report. Areas where heavy rodent damage was noted are documented in the 
LAT and GAR. 

29. For estimating purposes, seepage berms and combined seepage-stability berms include acquiring a 
20-foot-wide strip of land along the full length of the landside toe of berm for a CVFPB easement.  
An additional 5-foot-wide strip of land will be acquired as a temporary easement so that the 
temporary and CVFPB easements together provide a 25-foot-wide easement for construction.  

30. For estimating purposes, all levee sections degraded to construct slurry walls will include a new 
crest road with 6 inches of aggregate base (AB). AB section will be placed above the levee crest 
elevation required for freeboard.  Where paved public roads are known to exist on the crest of a 
levee, an allowance will be included for repaving. 

31. For estimating purposes, levee sections where landside berms are constructed or erosion 
protection is placed will have up to 4 inches of AB added to the crest to supplement existing 
surfacing to address possible deterioration of the existing crest road due to construction activities. 

32. A low environmental mitigation cost factor and a high environmental mitigation cost factor will 
be used.  The low factor will be 25% and the high factor will be 35 percent.  These factors will be 
multiplied by the direct construction cost for a remediation to estimate the environmental 
mitigation cost.  All cost estimates will begin at 25 percent.  A biologist will review available data 
for a levee region (such as state environmental databases, County General Plans, etc.) and 
determine those requiring the higher percentage based upon the possible presence of wetlands, 
wetland indicator species, or threatened or endangered species.  Any main stem levee requiring 
waterside erosion remediation will also be assigned the higher environmental mitigation 
percentage. 
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DRAFT TABLE 5
SOUTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

GAR Study Area: 1

Total Segment Length (Feet): 14,679

Segment 201: RD 2094, Unit 1
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1
$17,915,000Combo Berm Cost:

$17,915,000Structural Repair Subtotal:
$1,039,000Freeboard/Geometry Repair:

$1,039,000Non-Structural Repair Subtotal:

$18,954,000Total Alternative 1 Cost:

Alternative 2
$38,844,000Seepage Cutoff Wall Cost:

$38,844,000Structural Repair Subtotal:
$1,039,000Freeboard/Geometry Repair:

$1,039,000Non-Structural Repair Subtotal:

$39,883,000Total Alternative 2 Cost:

Total Segment Length (Feet): 871

Segment 203: RD 2096, Unit 1
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1
$2,176,000Combo Berm Cost:

$2,176,000Structural Repair Subtotal:
$77,000Freeboard/Geometry Repair:

$77,000Non-Structural Repair Subtotal:

$2,254,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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SOUTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Alternative 2
$2,709,000Seepage Cutoff Wall Cost:

$2,709,000Structural Repair Subtotal:
$77,000Freeboard/Geometry Repair:

$77,000Non-Structural Repair Subtotal:

$2,787,000Total Alternative 2 Cost:

Total Segment Length (Feet): 9,599

Segment 259: RD 2107, Unit 2
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 100 Deficiencies Being Remediated: U+Sn+T

Alternative 1
$10,771,000Combo Berm Cost:

$10,771,000Structural Repair Subtotal:

$10,771,000Total Alternative 1 Cost:

Alternative 2
$16,834,000Seepage Cutoff Wall Cost:

$16,834,000Structural Repair Subtotal:

$16,834,000Total Alternative 2 Cost:

Total Segment Length (Feet): 29,319

Segment 336: RD 2062, Unit 2
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 70 Deficiencies Being Remediated: U+FG

Alternative 1
$13,007,000Combo Berm Cost:

$13,007,000Structural Repair Subtotal:

$13,007,000Total Alternative 1 Cost:

Alternative 2
$32,797,000Seepage Cutoff Wall Cost:

$32,797,000Structural Repair Subtotal:

$32,797,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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SOUTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Total Segment Length (Feet): 58,967

Segment 5006: Mormon Slough
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 50 Deficiencies Being Remediated: E+FG

Alternative 1
$16,037,000Erosion Repair:

$16,037,000Non-Structural Repair Subtotal:

$16,037,000Total Alternative 1 Cost:

Total Segment Length (Feet): 4,400

Segment 5013: RD 2089, Grant Line Canal
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 100 Deficiencies Being Remediated: U+E

Alternative 1
$3,870,000S Berm Cost:

$3,870,000Structural Repair Subtotal:
$7,658,000Erosion Repair:

$7,658,000Non-Structural Repair Subtotal:

$11,528,000Total Alternative 1 Cost:

Alternative 2
$5,188,000Seepage Cutoff Wall Cost:

$5,188,000Structural Repair Subtotal:
$7,658,000Erosion Repair:

$7,658,000Non-Structural Repair Subtotal:

$12,847,000Total Alternative 2 Cost:

Total Segment Length (Feet): 5,904

Segment 185: RD 1, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+Sn+T+E

Alternative 1
$9,932,000Combo Berm Cost:

$9,932,000Structural Repair Subtotal:
$1,508,000Erosion Repair:

$1,508,000Non-Structural Repair Subtotal:

$11,440,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Alternative 2
$18,324,000Seepage Cutoff Wall Cost:

$18,324,000Structural Repair Subtotal:
$1,508,000Erosion Repair:

$1,508,000Non-Structural Repair Subtotal:

$19,832,000Total Alternative 2 Cost:

Total Segment Length (Feet): 32,733

Segment 188: RD 524, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 50 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$33,325,000Combo Berm Cost:

$33,325,000Structural Repair Subtotal:
$11,430,000

$1,659,000

Erosion Repair:

Freeboard/Geometry Repair:

$13,089,000Non-Structural Repair Subtotal:

$46,414,000Total Alternative 1 Cost:

Alternative 2
$36,923,000Seepage Cutoff Wall Cost:

$36,923,000Structural Repair Subtotal:
$11,430,000

$1,659,000

Erosion Repair:

Freeboard/Geometry Repair:

$13,089,000Non-Structural Repair Subtotal:

$50,012,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 31,833

Segment 189: RD 544, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$33,824,000Combo Berm Cost:

$33,824,000Structural Repair Subtotal:
$54,622,000

$1,954,000

Erosion Repair:

Freeboard/Geometry Repair:

$56,576,000Non-Structural Repair Subtotal:

$90,400,000Total Alternative 1 Cost:

Alternative 2
$47,030,000Seepage Cutoff Wall Cost:

$47,030,000Structural Repair Subtotal:
$54,622,000

$1,954,000

Erosion Repair:

Freeboard/Geometry Repair:

$56,576,000Non-Structural Repair Subtotal:

$103,605,000Total Alternative 2 Cost:

Total Segment Length (Feet): 40,412

Segment 192: RD 2058, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 50 Deficiencies Being Remediated: U+T+E

Alternative 1
$43,567,000Combo Berm Cost:

$43,567,000Structural Repair Subtotal:
$7,644,000Erosion Repair:

$7,644,000Non-Structural Repair Subtotal:

$51,210,000Total Alternative 1 Cost:

Alternative 2
$72,881,000Seepage Cutoff Wall Cost:

$72,881,000Structural Repair Subtotal:
$7,644,000Erosion Repair:

$7,644,000Non-Structural Repair Subtotal:

$80,524,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 29,314

Segment 195: RD 2064, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$39,697,000Combo Berm Cost:

$39,697,000Structural Repair Subtotal:
$5,118,000Erosion Repair:

$5,118,000Non-Structural Repair Subtotal:

$44,815,000Total Alternative 1 Cost:

Alternative 2
$85,169,000Seepage Cutoff Wall Cost:

$85,169,000Structural Repair Subtotal:
$5,118,000Erosion Repair:

$5,118,000Non-Structural Repair Subtotal:

$90,287,000Total Alternative 2 Cost:

Total Segment Length (Feet): 39,202

Segment 196: RD 2075, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1
$53,317,000Combo Berm Cost:

$53,317,000Structural Repair Subtotal:

$53,317,000Total Alternative 1 Cost:

Alternative 2
$105,970,000Seepage Cutoff Wall Cost:

$105,970,000Structural Repair Subtotal:

$105,970,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 27,893

Segment 197: RD 2085, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E

Alternative 1
$23,968,000

$25,525,000

Combo Berm Cost:

Seepage Cutoff Wall Cost:

$49,493,000Structural Repair Subtotal:
$9,740,000Erosion Repair:

$9,740,000Non-Structural Repair Subtotal:

$59,233,000Total Alternative 1 Cost:

Alternative 2
$81,311,000Seepage Cutoff Wall Cost:

$81,311,000Structural Repair Subtotal:
$9,740,000Erosion Repair:

$9,740,000Non-Structural Repair Subtotal:

$91,051,000Total Alternative 2 Cost:

Total Segment Length (Feet): 8,139

Segment 198: RD 2089, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 90 Deficiencies Being Remediated: U+Sn+T+E

Alternative 1
$11,799,000Combo Berm Cost:

$11,799,000Structural Repair Subtotal:
$16,278,000Erosion Repair:

$16,278,000Non-Structural Repair Subtotal:

$28,077,000Total Alternative 1 Cost:

Alternative 2
$24,088,000Seepage Cutoff Wall Cost:

$24,088,000Structural Repair Subtotal:
$16,278,000Erosion Repair:

$16,278,000Non-Structural Repair Subtotal:

$40,366,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 7,297

Segment 202: RD 2095, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T

Alternative 1
$8,900,000Combo Berm Cost:

$8,900,000Structural Repair Subtotal:

$8,900,000Total Alternative 1 Cost:

Alternative 2
$12,901,000Seepage Cutoff Wall Cost:

$12,901,000Structural Repair Subtotal:

$12,901,000Total Alternative 2 Cost:

Total Segment Length (Feet): 12,299

Segment 208: RD 2107, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+Sn+T

Alternative 1
$19,069,000Combo Berm Cost:

$19,069,000Structural Repair Subtotal:

$19,069,000Total Alternative 1 Cost:

Alternative 2
$37,271,000Seepage Cutoff Wall Cost:

$37,271,000Structural Repair Subtotal:

$37,271,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 29,105

Segment 256: RD 2062, Unit 3
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 80 Deficiencies Being Remediated: U+Sn+T+E

Alternative 1
$31,406,000Combo Berm Cost:

$31,406,000Structural Repair Subtotal:
$16,344,000Erosion Repair:

$16,344,000Non-Structural Repair Subtotal:

$47,750,000Total Alternative 1 Cost:

Alternative 2
$67,439,000Seepage Cutoff Wall Cost:

$67,439,000Structural Repair Subtotal:
$16,344,000Erosion Repair:

$16,344,000Non-Structural Repair Subtotal:

$83,783,000Total Alternative 2 Cost:

Total Segment Length (Feet): 32,550

Segment 257: RD 2064, Unit 2
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 60 Deficiencies Being Remediated: U+T+FG

Alternative 1
$25,699,000Combo Berm Cost:

$25,699,000Structural Repair Subtotal:
$1,034,000Freeboard/Geometry Repair:

$1,034,000Non-Structural Repair Subtotal:

$26,734,000Total Alternative 1 Cost:

Alternative 2
$54,827,000Seepage Cutoff Wall Cost:

$54,827,000Structural Repair Subtotal:
$1,034,000Freeboard/Geometry Repair:

$1,034,000Non-Structural Repair Subtotal:

$55,861,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 18,172

Segment 258: RD 2095, Unit 2
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 80 Deficiencies Being Remediated: U+T

Alternative 1
$20,474,000Combo Berm Cost:

$20,474,000Structural Repair Subtotal:

$20,474,000Total Alternative 1 Cost:

Alternative 2
$45,545,000Seepage Cutoff Wall Cost:

$45,545,000Structural Repair Subtotal:

$45,545,000Total Alternative 2 Cost:

Total Segment Length (Feet): 22,071

Segment 334: RD 544, Unit 2
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 70 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$5,740,000Combo Berm Cost:

$5,740,000Structural Repair Subtotal:
$26,510,000

$2,275,000

Erosion Repair:

Freeboard/Geometry Repair:

$28,785,000Non-Structural Repair Subtotal:

$34,525,000Total Alternative 1 Cost:

Alternative 2
$11,882,000Seepage Cutoff Wall Cost:

$11,882,000Structural Repair Subtotal:
$26,510,000

$2,275,000

Erosion Repair:

Freeboard/Geometry Repair:

$28,785,000Non-Structural Repair Subtotal:

$40,667,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 6,854

Segment 335: RD 2089, Unit 2
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 90 Deficiencies Being Remediated: U+T+E

Alternative 1
$6,103,000Combo Berm Cost:

$6,103,000Structural Repair Subtotal:
$10,585,000Erosion Repair:

$10,585,000Non-Structural Repair Subtotal:

$16,688,000Total Alternative 1 Cost:

Alternative 2
$8,837,000Seepage Cutoff Wall Cost:

$8,837,000Structural Repair Subtotal:
$10,585,000Erosion Repair:

$10,585,000Non-Structural Repair Subtotal:

$19,421,000Total Alternative 2 Cost:

Total Segment Length (Feet): 25,550

Segment 5008: RD 544, Middle River
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E+FG

Alternative 1

$18,717,000

$8,211,000S Berm Cost:

Combo Berm Cost:

$26,929,000Structural Repair Subtotal:
$35,677,000

$932,000

Erosion Repair:

Freeboard/Geometry Repair:

$36,609,000Non-Structural Repair Subtotal:

$63,538,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Alternative 2
$29,926,000Seepage Cutoff Wall Cost:

$29,926,000Structural Repair Subtotal:
$35,677,000

$932,000

Erosion Repair:

Freeboard/Geometry Repair:

$36,609,000Non-Structural Repair Subtotal:

$66,535,000Total Alternative 2 Cost:

Total Segment Length (Feet): 53,320

Segment 5010: RD 1, Middle River
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E+FG

Alternative 1

$37,410,000

$7,622,000S Berm Cost:

Combo Berm Cost:

$45,031,000Structural Repair Subtotal:
$110,023,000

$1,598,000

Erosion Repair:

Freeboard/Geometry Repair:

$111,621,000Non-Structural Repair Subtotal:

$156,653,000Total Alternative 1 Cost:

Alternative 2
$68,153,000Seepage Cutoff Wall Cost:

$68,153,000Structural Repair Subtotal:
$110,023,000

$1,598,000

Erosion Repair:

Freeboard/Geometry Repair:

$111,621,000Non-Structural Repair Subtotal:

$179,774,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 50,900

Segment 5019: RD 348, Mokelumne River
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 20 Deficiencies Being Remediated: U+T

Alternative 1
$16,676,000

$2,513,000

Combo Berm Cost:

Seepage Cutoff Wall Cost:

$19,188,000Structural Repair Subtotal:
$4,425,000Freeboard/Geometry Repair:

$4,425,000Non-Structural Repair Subtotal:

$23,613,000Total Alternative 1 Cost:

Alternative 2
$21,569,000Seepage Cutoff Wall Cost:

$21,569,000Structural Repair Subtotal:
$4,425,000Freeboard/Geometry Repair:

$4,425,000Non-Structural Repair Subtotal:

$25,994,000Total Alternative 2 Cost:

Total Segment Length (Feet): 11,880

Segment 5009: RD 524, Middle River
Overall Reach Categorization: Hazard Level LD (A/B)

Remediated Length (%): 60 Deficiencies Being Remediated: U+T+FG

Alternative 1
$13,807,000Combo Berm Cost:

$13,807,000Structural Repair Subtotal:
$524,000Freeboard/Geometry Repair:

$524,000Non-Structural Repair Subtotal:

$14,331,000Total Alternative 1 Cost:

Alternative 2
$16,583,000Seepage Cutoff Wall Cost:

$16,583,000Structural Repair Subtotal:
$524,000Freeboard/Geometry Repair:

$524,000Non-Structural Repair Subtotal:

$17,107,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 4,000

Segment 5014: RD 1007, Tom Paine Slough
Overall Reach Categorization: Hazard Level LD (A/B)

Remediated Length (%): 100 Deficiencies Being Remediated: E

Alternative 1
$6,261,000Erosion Repair:

$6,261,000Non-Structural Repair Subtotal:

$6,261,000Total Alternative 1 Cost:

Total Segment Length (Feet): 6,350

Segment 5015: RD 1007, Sugar Cut
Overall Reach Categorization: Hazard Level LD (A/B)

Remediated Length (%): 100 Deficiencies Being Remediated: U+E

Alternative 1
$1,235,000S Berm Cost:

$1,235,000Structural Repair Subtotal:
$3,454,000Erosion Repair:

$3,454,000Non-Structural Repair Subtotal:

$4,689,000Total Alternative 1 Cost:

Alternative 2
$1,830,000Seepage Cutoff Wall Cost:

$1,830,000Structural Repair Subtotal:
$3,454,000Erosion Repair:

$3,454,000Non-Structural Repair Subtotal:

$5,284,000Total Alternative 2 Cost:

Total Segment Length (Feet): 40,040

Segment 5018: RD 1007, Old River
Overall Reach Categorization: Hazard Level LD (A/B)

Remediated Length (%): 100 Deficiencies Being Remediated: U+E

Alternative 1
$21,750,000S Berm Cost:

$21,750,000Structural Repair Subtotal:
$62,122,000Erosion Repair:

$62,122,000Non-Structural Repair Subtotal:

$83,872,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Alternative 2
$25,476,000Seepage Cutoff Wall Cost:

$25,476,000Structural Repair Subtotal:
$62,122,000Erosion Repair:

$62,122,000Non-Structural Repair Subtotal:

$87,599,000Total Alternative 2 Cost:

Total Segment Length (Feet): 5,950

Segment 5012: RD 2089, Dryland levee
Overall Reach Categorization: Hazard Level LD (B/C)

Remediated Length (%): 100 Deficiencies Being Remediated: U+Sn+T

Alternative 1
$11,836,000Combo Berm Cost:

$11,836,000Structural Repair Subtotal:

$11,836,000Total Alternative 1 Cost:

Alternative 2
$19,879,000Seepage Cutoff Wall Cost:

$19,879,000Structural Repair Subtotal:

$19,879,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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GAR Study Area: 2

Total Segment Length (Feet): 9,476

Segment 207: RD 2102, Unit 1
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 100 Deficiencies Being Remediated: U+Sn+T

Alternative 1

$7,976,000

$432,000Stability Berm Cost:

Combo Berm Cost:

$8,408,000Structural Repair Subtotal:

$8,408,000Total Alternative 1 Cost:

Alternative 2
$14,107,000Seepage Cutoff Wall Cost:

$14,107,000Structural Repair Subtotal:

$14,107,000Total Alternative 2 Cost:

Total Segment Length (Feet): 32,866

Segment 190: RD 1602, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 90 Deficiencies Being Remediated: U+T

Alternative 1
$30,411,000Combo Berm Cost:

$30,411,000Structural Repair Subtotal:

$30,411,000Total Alternative 1 Cost:

Alternative 2
$47,829,000Seepage Cutoff Wall Cost:

$47,829,000Structural Repair Subtotal:

$47,829,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 37,242

Segment 191: RD 2031, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 40 Deficiencies Being Remediated: U+T

Alternative 1
$15,046,000Combo Berm Cost:

$15,046,000Structural Repair Subtotal:

$15,046,000Total Alternative 1 Cost:

Alternative 2
$22,076,000Seepage Cutoff Wall Cost:

$22,076,000Structural Repair Subtotal:

$22,076,000Total Alternative 2 Cost:

Total Segment Length (Feet): 55,066

Segment 194: RD 2063, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 90 Deficiencies Being Remediated: U+T

Alternative 1
$43,273,000

$16,804,000

Combo Berm Cost:

Seepage Cutoff Wall Cost:

$60,077,000Structural Repair Subtotal:

$60,077,000Total Alternative 1 Cost:

Alternative 2
$84,444,000Seepage Cutoff Wall Cost:

$84,444,000Structural Repair Subtotal:

$84,444,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 39,679

Segment 199: RD 2091, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 70 Deficiencies Being Remediated: U+T+FG

Alternative 1
$37,462,000Combo Berm Cost:

$37,462,000Structural Repair Subtotal:
$1,500,000Freeboard/Geometry Repair:

$1,500,000Non-Structural Repair Subtotal:

$38,962,000Total Alternative 1 Cost:

Alternative 2
$125,866,000Seepage Cutoff Wall Cost:

$125,866,000Structural Repair Subtotal:
$1,500,000Freeboard/Geometry Repair:

$1,500,000Non-Structural Repair Subtotal:

$127,367,000Total Alternative 2 Cost:

Total Segment Length (Feet): 19,544

Segment 200: RD 2092, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 80 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$20,104,000Combo Berm Cost:

$20,104,000Structural Repair Subtotal:
$24,258,000

$762,000

Erosion Repair:

Freeboard/Geometry Repair:

$25,020,000Non-Structural Repair Subtotal:

$45,124,000Total Alternative 1 Cost:

Alternative 2
$23,222,000Seepage Cutoff Wall Cost:

$23,222,000Structural Repair Subtotal:
$24,258,000

$762,000

Erosion Repair:

Freeboard/Geometry Repair:

$25,020,000Non-Structural Repair Subtotal:

$48,242,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 12,630

Segment 204: RD 2099, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 90 Deficiencies Being Remediated: U+Sn+T+FG

Alternative 1
$15,331,000Combo Berm Cost:

$15,331,000Structural Repair Subtotal:
$970,000Freeboard/Geometry Repair:

$970,000Non-Structural Repair Subtotal:

$16,301,000Total Alternative 1 Cost:

Alternative 2
$19,205,000Seepage Cutoff Wall Cost:

$19,205,000Structural Repair Subtotal:
$970,000Freeboard/Geometry Repair:

$970,000Non-Structural Repair Subtotal:

$20,176,000Total Alternative 2 Cost:

Total Segment Length (Feet): 13,952

Segment 205: RD 2100, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 90 Deficiencies Being Remediated: U+Sn+T+FG

Alternative 1
$14,444,000Combo Berm Cost:

$14,444,000Structural Repair Subtotal:
$992,000Freeboard/Geometry Repair:

$1,355,000Non-Structural Repair Subtotal:
$363,000Misc. Hazards Cost:

$16,161,000Total Alternative 1 Cost:

Alternative 2
$19,653,000Seepage Cutoff Wall Cost:

$19,653,000Structural Repair Subtotal:
$992,000Freeboard/Geometry Repair:

$1,355,000Non-Structural Repair Subtotal:
$363,000Misc. Hazards Cost:

$21,371,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 16,550

Segment 206: RD 2101, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 90 Deficiencies Being Remediated: U+T+E

Alternative 1
$20,090,000Combo Berm Cost:

$20,090,000Structural Repair Subtotal:
$3,415,000Erosion Repair:

$3,415,000Non-Structural Repair Subtotal:

$23,505,000Total Alternative 1 Cost:

Alternative 2
$36,047,000Seepage Cutoff Wall Cost:

$36,047,000Structural Repair Subtotal:
$3,415,000Erosion Repair:

$3,415,000Non-Structural Repair Subtotal:

$39,462,000Total Alternative 2 Cost:

Total Segment Length (Feet): 31,509

Segment 341: RD 2031, Unit 2
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 70 Deficiencies Being Remediated: U+T+E

Alternative 1
$29,380,000Combo Berm Cost:

$29,380,000Structural Repair Subtotal:
$5,501,000Erosion Repair:

$5,501,000Non-Structural Repair Subtotal:

$34,882,000Total Alternative 1 Cost:

Alternative 2
$55,276,000Seepage Cutoff Wall Cost:

$55,276,000Structural Repair Subtotal:
$5,501,000Erosion Repair:

$5,501,000Non-Structural Repair Subtotal:

$60,777,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 36,539

Segment 5001: Tuolumne River, Right Bank
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$54,914,000Combo Berm Cost:

$54,914,000Structural Repair Subtotal:
$62,637,000

$16,593,000

Erosion Repair:

Freeboard/Geometry Repair:

$79,229,000Non-Structural Repair Subtotal:

$134,144,000Total Alternative 1 Cost:

Alternative 2
$85,802,000Seepage Cutoff Wall Cost:

$85,802,000Structural Repair Subtotal:
$62,637,000

$16,593,000

Erosion Repair:

Freeboard/Geometry Repair:

$79,229,000Non-Structural Repair Subtotal:

$165,032,000Total Alternative 2 Cost:

Total Segment Length (Feet): 16,745

Segment 5002: Tuolumne River, Left Bank
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 70 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$13,834,000Combo Berm Cost:

$13,834,000Structural Repair Subtotal:
$10,392,000

$8,787,000

Erosion Repair:

Freeboard/Geometry Repair:

$19,179,000Non-Structural Repair Subtotal:
$326,000Misc. Hazards Cost:

$33,339,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Alternative 2
$21,646,000Seepage Cutoff Wall Cost:

$21,646,000Structural Repair Subtotal:
$10,392,000

$8,787,000

Erosion Repair:

Freeboard/Geometry Repair:

$19,179,000Non-Structural Repair Subtotal:
$326,000Misc. Hazards Cost:

$41,151,000Total Alternative 2 Cost:

Total Segment Length (Feet): 7,000

Segment 5003: San Joaquin River, Left Bank
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E+FG

Alternative 1
$8,696,000Combo Berm Cost:

$8,696,000Structural Repair Subtotal:
$6,507,000Freeboard/Geometry Repair:

$6,507,000Non-Structural Repair Subtotal:
$567,000Misc. Hazards Cost:

$15,770,000Total Alternative 1 Cost:

Alternative 2
$12,014,000Seepage Cutoff Wall Cost:

$12,014,000Structural Repair Subtotal:
$6,507,000Freeboard/Geometry Repair:

$6,507,000Non-Structural Repair Subtotal:
$567,000Misc. Hazards Cost:

$19,088,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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GAR Study Area: 3

Total Segment Length (Feet): 11,711

Segment 12: Madera County FCWCA, Unit 4
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 40 Deficiencies Being Remediated: U+T

Alternative 1
$3,473,000Combo Berm Cost:

$3,473,000Structural Repair Subtotal:

$3,473,000Total Alternative 1 Cost:

Alternative 2
$4,564,000Seepage Cutoff Wall Cost:

$4,564,000Structural Repair Subtotal:

$4,564,000Total Alternative 2 Cost:

Total Segment Length (Feet): 59,855

Segment 176: Lower San Joaquin River Levee District, Unit 1
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 60 Deficiencies Being Remediated: U+T

Alternative 1
$9,695,000

$13,534,000

Stability Berm Cost:

S Berm Cost:

$23,229,000Structural Repair Subtotal:
$485,000Misc. Hazards Cost:

$23,714,000Total Alternative 1 Cost:

Alternative 2
$37,948,000Seepage Cutoff Wall Cost:

$37,948,000Structural Repair Subtotal:
$485,000Misc. Hazards Cost:

$38,433,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 22,382

Segment 179: Lower San Joaquin Levee District, Unit 5
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 80 Deficiencies Being Remediated: T+FG

Alternative 1
$8,116,000Stability Berm Cost:

$8,116,000Structural Repair Subtotal:
$2,777,000Freeboard/Geometry Repair:

$2,777,000Non-Structural Repair Subtotal:

$10,893,000Total Alternative 1 Cost:

Alternative 2
$15,161,000Seepage Cutoff Wall Cost:

$15,161,000Structural Repair Subtotal:
$2,777,000Freeboard/Geometry Repair:

$2,777,000Non-Structural Repair Subtotal:

$17,937,000Total Alternative 2 Cost:

Total Segment Length (Feet): 6,439

Segment 180: Lower San Joaquin Levee District, Unit 5
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 100 Deficiencies Being Remediated: T+FG

Alternative 1
$3,536,000Stability Berm Cost:

$3,536,000Structural Repair Subtotal:
$705,000Freeboard/Geometry Repair:

$705,000Non-Structural Repair Subtotal:

$4,241,000Total Alternative 1 Cost:

Alternative 2
$6,362,000Seepage Cutoff Wall Cost:

$6,362,000Structural Repair Subtotal:
$705,000Freeboard/Geometry Repair:

$705,000Non-Structural Repair Subtotal:

$7,067,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 15,830

Segment 184: Lower San Joaquin Levee District, Unit 5
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1

$1,818,000

$10,196,000Stability Berm Cost:

Combo Berm Cost:

$12,015,000Structural Repair Subtotal:
$261,000Freeboard/Geometry Repair:

$261,000Non-Structural Repair Subtotal:

$12,275,000Total Alternative 1 Cost:

Alternative 2
$20,945,000Seepage Cutoff Wall Cost:

$20,945,000Structural Repair Subtotal:
$261,000Freeboard/Geometry Repair:

$261,000Non-Structural Repair Subtotal:

$21,206,000Total Alternative 2 Cost:

Total Segment Length (Feet): 14,973

Segment 218: Lower San Joaquin Levee District, Unit 5
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 100 Deficiencies Being Remediated: U+T

Alternative 1

$7,555,000

$4,859,000Stability Berm Cost:

Combo Berm Cost:

$12,415,000Structural Repair Subtotal:

$12,415,000Total Alternative 1 Cost:

Alternative 2
$29,673,000Seepage Cutoff Wall Cost:

$29,673,000Structural Repair Subtotal:

$29,673,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 10,631

Segment 254: Lower San Joaquin Levee District, Unit 15
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 90 Deficiencies Being Remediated: U+T

Alternative 1

$4,727,000

$3,763,000S Berm Cost:

Combo Berm Cost:

$8,490,000Structural Repair Subtotal:

$8,490,000Total Alternative 1 Cost:

Alternative 2
$26,124,000Seepage Cutoff Wall Cost:

$26,124,000Structural Repair Subtotal:

$26,124,000Total Alternative 2 Cost:

Total Segment Length (Feet): 18,269

Segment 345: Lower San Joaquin Levee District, Unit 7
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 50 Deficiencies Being Remediated: U

Alternative 1
$2,962,000S Berm Cost:

$2,962,000Structural Repair Subtotal:
$1,384,000Freeboard/Geometry Repair:

$1,384,000Non-Structural Repair Subtotal:

$4,346,000Total Alternative 1 Cost:

Alternative 2
$4,466,000Seepage Cutoff Wall Cost:

$4,466,000Structural Repair Subtotal:
$1,384,000Freeboard/Geometry Repair:

$1,384,000Non-Structural Repair Subtotal:

$5,850,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 20,734

Segment 346: Lower San Joaquin Levee District, Unit 8
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 50 Deficiencies Being Remediated: U+T+FG

Alternative 1
$1,844,000Combo Berm Cost:

$1,844,000Structural Repair Subtotal:
$1,571,000Freeboard/Geometry Repair:

$1,571,000Non-Structural Repair Subtotal:

$3,415,000Total Alternative 1 Cost:

Alternative 2
$2,939,000Seepage Cutoff Wall Cost:

$2,939,000Structural Repair Subtotal:
$1,571,000Freeboard/Geometry Repair:

$1,571,000Non-Structural Repair Subtotal:

$4,510,000Total Alternative 2 Cost:

Total Segment Length (Feet): 13,100

Segment 353: Lower San Joaquin Levee District, Unit 25
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 50 Deficiencies Being Remediated: U

Alternative 1
$5,779,000S Berm Cost:

$5,779,000Structural Repair Subtotal:

$5,779,000Total Alternative 1 Cost:

Alternative 2
$8,286,000Seepage Cutoff Wall Cost:

$8,286,000Structural Repair Subtotal:

$8,286,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 7,079

Segment 356: Lower San Joaquin Levee District, Unit 13
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 80 Deficiencies Being Remediated: U+T

Alternative 1
$4,376,000Combo Berm Cost:

$4,376,000Structural Repair Subtotal:

$4,376,000Total Alternative 1 Cost:

Alternative 2
$7,200,000Seepage Cutoff Wall Cost:

$7,200,000Structural Repair Subtotal:

$7,200,000Total Alternative 2 Cost:

Total Segment Length (Feet): 7,059

Segment 358: Lower San Joaquin Levee District, Unit 14
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 80 Deficiencies Being Remediated: U+T

Alternative 1
$4,263,000Combo Berm Cost:

$4,263,000Structural Repair Subtotal:

$4,263,000Total Alternative 1 Cost:

Alternative 2
$7,208,000Seepage Cutoff Wall Cost:

$7,208,000Structural Repair Subtotal:

$7,208,000Total Alternative 2 Cost:

Total Segment Length (Feet): 10,304

Segment 359: Lower San Joaquin Levee District, Unit 16
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 90 Deficiencies Being Remediated: U+T

Alternative 1

$3,889,000

$3,094,000S Berm Cost:

Combo Berm Cost:

$6,983,000Structural Repair Subtotal:

$6,983,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Alternative 2
$23,047,000Seepage Cutoff Wall Cost:

$23,047,000Structural Repair Subtotal:

$23,047,000Total Alternative 2 Cost:

Total Segment Length (Feet): 39,740

Segment 5033: San Joaquin River, Reach 2B
Overall Reach Categorization: Hazard Level B

Remediated Length (%): 50 Deficiencies Being Remediated: U+T+FG

Alternative 1
$39,493,000Seepage Cutoff Wall Cost:

$39,493,000Structural Repair Subtotal:
$574,000Freeboard/Geometry Repair:

$574,000Non-Structural Repair Subtotal:

$40,067,000Total Alternative 1 Cost:

Total Segment Length (Feet): 72,510

Segment 177: Lower San Joaquin Levee District, Unit 2
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 50 Deficiencies Being Remediated: U+T+FG

Alternative 1
$28,889,000Combo Berm Cost:

$28,889,000Structural Repair Subtotal:
$3,338,000Freeboard/Geometry Repair:

$3,338,000Non-Structural Repair Subtotal:

$32,228,000Total Alternative 1 Cost:

Alternative 2
$62,127,000Seepage Cutoff Wall Cost:

$62,127,000Structural Repair Subtotal:
$3,338,000Freeboard/Geometry Repair:

$3,338,000Non-Structural Repair Subtotal:

$65,465,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 41,806

Segment 178: Lower San Joaquin Levee District, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 90 Deficiencies Being Remediated: U+T

Alternative 1

$27,902,000

$2,447,000Stability Berm Cost:

Combo Berm Cost:

$30,349,000Structural Repair Subtotal:

$30,349,000Total Alternative 1 Cost:

Alternative 2
$65,027,000Seepage Cutoff Wall Cost:

$65,027,000Structural Repair Subtotal:

$65,027,000Total Alternative 2 Cost:

Total Segment Length (Feet): 17,550

Segment 181: Lower San Joaquin Levee District, Unit 1
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 70 Deficiencies Being Remediated: U+T+FG

Alternative 1
$10,249,000Combo Berm Cost:

$10,249,000Structural Repair Subtotal:
$1,378,000Freeboard/Geometry Repair:

$1,378,000Non-Structural Repair Subtotal:

$11,627,000Total Alternative 1 Cost:

Alternative 2
$20,331,000Seepage Cutoff Wall Cost:

$20,331,000Structural Repair Subtotal:
$1,378,000Freeboard/Geometry Repair:

$1,378,000Non-Structural Repair Subtotal:

$21,709,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 104,000

Segment 182: Lower San Joaquin Levee District, Unit 5
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1

$58,095,000

$55,404,000S Berm Cost:

Combo Berm Cost:

$113,499,000Structural Repair Subtotal:
$8,770,000Misc. Hazards Cost:

$122,269,000Total Alternative 1 Cost:

Alternative 2
$198,162,000Seepage Cutoff Wall Cost:

$198,162,000Structural Repair Subtotal:
$8,770,000Misc. Hazards Cost:

$206,932,000Total Alternative 2 Cost:

Total Segment Length (Feet): 11,054

Segment 183: Lower San Joaquin Levee District, Unit 3,
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1
$7,587,000Combo Berm Cost:

$7,587,000Structural Repair Subtotal:
$477,000Freeboard/Geometry Repair:

$477,000Non-Structural Repair Subtotal:

$8,064,000Total Alternative 1 Cost:

Alternative 2
$10,831,000Seepage Cutoff Wall Cost:

$10,831,000Structural Repair Subtotal:
$477,000Freeboard/Geometry Repair:

$477,000Non-Structural Repair Subtotal:

$11,308,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 54,042

Segment 219: Lower San Joaquin Levee District, Unit 23
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 30 Deficiencies Being Remediated: U+T+FG

Alternative 1
$13,947,000Combo Berm Cost:

$13,947,000Structural Repair Subtotal:
$1,772,000Freeboard/Geometry Repair:

$1,772,000Non-Structural Repair Subtotal:
$1,352,000Misc. Hazards Cost:

$17,071,000Total Alternative 1 Cost:

Alternative 2
$27,499,000Seepage Cutoff Wall Cost:

$27,499,000Structural Repair Subtotal:
$1,772,000Freeboard/Geometry Repair:

$1,772,000Non-Structural Repair Subtotal:
$1,352,000Misc. Hazards Cost:

$30,623,000Total Alternative 2 Cost:

Total Segment Length (Feet): 44,251

Segment 220: Lower San Joaquin Levee District, Unit 24
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 50 Deficiencies Being Remediated: U+T+FG

Alternative 1
$17,058,000Combo Berm Cost:

$17,058,000Structural Repair Subtotal:
$1,371,000Freeboard/Geometry Repair:

$1,371,000Non-Structural Repair Subtotal:
$1,067,000Misc. Hazards Cost:

$19,496,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Alternative 2
$36,729,000Seepage Cutoff Wall Cost:

$36,729,000Structural Repair Subtotal:
$1,371,000Freeboard/Geometry Repair:

$1,371,000Non-Structural Repair Subtotal:
$1,067,000Misc. Hazards Cost:

$39,167,000Total Alternative 2 Cost:

Total Segment Length (Feet): 50,709

Segment 252: Lower San Joaquin Levee District, Unit 6
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1
$69,190,000Combo Berm Cost:

$69,190,000Structural Repair Subtotal:
$4,718,000Freeboard/Geometry Repair:

$4,718,000Non-Structural Repair Subtotal:
$12,537,000Misc. Hazards Cost:

$86,444,000Total Alternative 1 Cost:

Alternative 2
$83,915,000Seepage Cutoff Wall Cost:

$83,915,000Structural Repair Subtotal:
$4,718,000Freeboard/Geometry Repair:

$4,718,000Non-Structural Repair Subtotal:
$12,537,000Misc. Hazards Cost:

$101,169,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 86,704

Segment 253: Lower San Joaquin Levee District, Unit 6
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 40 Deficiencies Being Remediated: U+T+FG

Alternative 1

$10,710,000

$30,963,000S Berm Cost:

Combo Berm Cost:

$41,673,000Structural Repair Subtotal:
$3,819,000Freeboard/Geometry Repair:

$3,819,000Non-Structural Repair Subtotal:

$45,492,000Total Alternative 1 Cost:

Alternative 2
$89,429,000Seepage Cutoff Wall Cost:

$89,429,000Structural Repair Subtotal:
$3,819,000Freeboard/Geometry Repair:

$3,819,000Non-Structural Repair Subtotal:

$93,248,000Total Alternative 2 Cost:

Total Segment Length (Feet): 85,013

Segment 261: Lower San Joaquin levee District, Unit 17
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 90 Deficiencies Being Remediated: U+T+FG

Alternative 1
$80,741,000Combo Berm Cost:

$80,741,000Structural Repair Subtotal:
$1,401,000Freeboard/Geometry Repair:

$1,401,000Non-Structural Repair Subtotal:

$82,143,000Total Alternative 1 Cost:

Alternative 2
$213,684,000Seepage Cutoff Wall Cost:

$213,684,000Structural Repair Subtotal:
$1,401,000Freeboard/Geometry Repair:

$1,401,000Non-Structural Repair Subtotal:

$215,085,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 47,744

Segment 27: Madera County FCWCA, Unit 5
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 90 Deficiencies Being Remediated: U+T

Alternative 1
$33,833,000Combo Berm Cost:

$33,833,000Structural Repair Subtotal:

$33,833,000Total Alternative 1 Cost:

Alternative 2
$50,113,000Seepage Cutoff Wall Cost:

$50,113,000Structural Repair Subtotal:

$50,113,000Total Alternative 2 Cost:

Total Segment Length (Feet): 47,492

Segment 28: Madera County FCWCA, Unit 6
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 50 Deficiencies Being Remediated: U+T

Alternative 1
$17,954,000Combo Berm Cost:

$17,954,000Structural Repair Subtotal:

$17,954,000Total Alternative 1 Cost:

Alternative 2
$26,206,000Seepage Cutoff Wall Cost:

$26,206,000Structural Repair Subtotal:

$26,206,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 50,271

Segment 351: Lower San Joaquin Levee District, Unit 6
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+FG

Alternative 1

$19,416,000

$13,624,000Stability Berm Cost:

Combo Berm Cost:

$33,040,000Structural Repair Subtotal:
$4,331,000Freeboard/Geometry Repair:

$4,331,000Non-Structural Repair Subtotal:

$37,371,000Total Alternative 1 Cost:

Alternative 2
$58,554,000Seepage Cutoff Wall Cost:

$58,554,000Structural Repair Subtotal:
$4,331,000Freeboard/Geometry Repair:

$4,331,000Non-Structural Repair Subtotal:

$62,885,000Total Alternative 2 Cost:

Total Segment Length (Feet): 17,470

Segment 352: Lower San Joaquin Levee District, Unit 11
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 60 Deficiencies Being Remediated: U

Alternative 1
$10,148,000S Berm Cost:

$10,148,000Structural Repair Subtotal:
$265,000Freeboard/Geometry Repair:

$265,000Non-Structural Repair Subtotal:

$10,413,000Total Alternative 1 Cost:

Alternative 2
$17,204,000Seepage Cutoff Wall Cost:

$17,204,000Structural Repair Subtotal:
$265,000Freeboard/Geometry Repair:

$265,000Non-Structural Repair Subtotal:

$17,469,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 17,958

Segment 354: Lower San Joaquin Levee District, Unit 12
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 50 Deficiencies Being Remediated: U

Alternative 1
$8,895,000S Berm Cost:

$8,895,000Structural Repair Subtotal:

$8,895,000Total Alternative 1 Cost:

Alternative 2
$15,080,000Seepage Cutoff Wall Cost:

$15,080,000Structural Repair Subtotal:

$15,080,000Total Alternative 2 Cost:

Total Segment Length (Feet): 84,351

Segment 357: Lower San Joaquin Levee District, Unit 18
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 70 Deficiencies Being Remediated: U+T+FG

Alternative 1
$63,847,000Combo Berm Cost:

$63,847,000Structural Repair Subtotal:
$7,034,000Freeboard/Geometry Repair:

$7,034,000Non-Structural Repair Subtotal:

$70,881,000Total Alternative 1 Cost:

Alternative 2
$165,400,000Seepage Cutoff Wall Cost:

$165,400,000Structural Repair Subtotal:
$7,034,000Freeboard/Geometry Repair:

$7,034,000Non-Structural Repair Subtotal:

$172,435,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 38,960

Segment 5023: Madera County FCWCA, Berenda Slough
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E

Alternative 1
$11,659,000

$2,353,000

Combo Berm Cost:

Seepage Cutoff Wall Cost:

$14,013,000Structural Repair Subtotal:
$56,278,000Erosion Repair:

$56,278,000Non-Structural Repair Subtotal:

$70,290,000Total Alternative 1 Cost:

Alternative 2
$24,012,000Seepage Cutoff Wall Cost:

$24,012,000Structural Repair Subtotal:
$56,278,000Erosion Repair:

$56,278,000Non-Structural Repair Subtotal:

$80,289,000Total Alternative 2 Cost:

Total Segment Length (Feet): 31,300

Segment 5024: Madera FCWCA, Berenda Slough
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E

Alternative 1
$19,610,000Combo Berm Cost:

$19,610,000Structural Repair Subtotal:
$45,213,000Erosion Repair:

$45,213,000Non-Structural Repair Subtotal:

$64,823,000Total Alternative 1 Cost:

Alternative 2
$33,405,000Seepage Cutoff Wall Cost:

$33,405,000Structural Repair Subtotal:
$45,213,000Erosion Repair:

$45,213,000Non-Structural Repair Subtotal:

$78,618,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 27,700

Segment 5025: Madera County FCWCA, Fresno River
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E

Alternative 1
$8,330,000Combo Berm Cost:

$8,330,000Structural Repair Subtotal:
$39,272,000

$865,000

Erosion Repair:

Freeboard/Geometry Repair:

$40,137,000Non-Structural Repair Subtotal:

$48,467,000Total Alternative 1 Cost:

Alternative 2
$12,919,000Seepage Cutoff Wall Cost:

$12,919,000Structural Repair Subtotal:
$39,272,000

$865,000

Erosion Repair:

Freeboard/Geometry Repair:

$40,137,000Non-Structural Repair Subtotal:

$53,056,000Total Alternative 2 Cost:

Total Segment Length (Feet): 27,500

Segment 5026: Madera County FCWCA, Fresno River
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E

Alternative 1
$6,785,000Combo Berm Cost:

$6,785,000Structural Repair Subtotal:
$38,988,000

$428,000

Erosion Repair:

Freeboard/Geometry Repair:

$39,416,000Non-Structural Repair Subtotal:

$46,201,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Alternative 2
$11,072,000Seepage Cutoff Wall Cost:

$11,072,000Structural Repair Subtotal:
$38,988,000

$428,000

Erosion Repair:

Freeboard/Geometry Repair:

$39,416,000Non-Structural Repair Subtotal:

$50,488,000Total Alternative 2 Cost:

Total Segment Length (Feet): 102,904

Segment 5031: San Joaquin River, Reach 4A
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 30 Deficiencies Being Remediated: U+T+FG

Alternative 1
$1,590,000

$20,959,000

Combo Berm Cost:

Seepage Cutoff Wall Cost:

$22,548,000Structural Repair Subtotal:
$7,858,000Freeboard/Geometry Repair:

$7,858,000Non-Structural Repair Subtotal:
$2,409,000Misc. Hazards Cost:

$32,816,000Total Alternative 1 Cost:

Alternative 2
$23,310,000Seepage Cutoff Wall Cost:

$23,310,000Structural Repair Subtotal:
$7,858,000Freeboard/Geometry Repair:

$7,858,000Non-Structural Repair Subtotal:
$2,409,000Misc. Hazards Cost:

$33,578,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 43,710

Segment 5032: San Joaquin River Reach 2B
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 100 Deficiencies Being Remediated: U+T+E

Alternative 1
$4,950,000

$12,540,000

Combo Berm Cost:

Seepage Cutoff Wall Cost:

$17,490,000Structural Repair Subtotal:
$66,647,000

$637,000

Erosion Repair:

Freeboard/Geometry Repair:

$67,283,000Non-Structural Repair Subtotal:

$84,773,000Total Alternative 1 Cost:

Alternative 2
$23,682,000Seepage Cutoff Wall Cost:

$23,682,000Structural Repair Subtotal:
$66,647,000

$637,000

Erosion Repair:

Freeboard/Geometry Repair:

$67,283,000Non-Structural Repair Subtotal:

$90,966,000Total Alternative 2 Cost:

Total Segment Length (Feet): 15,160

Segment 5034: Fresno Slough
Overall Reach Categorization: Hazard Level C

Remediated Length (%): 30 Deficiencies Being Remediated: U+T+FG

Alternative 1
$5,289,000Seepage Cutoff Wall Cost:

$5,289,000Structural Repair Subtotal:
$214,000Freeboard/Geometry Repair:

$214,000Non-Structural Repair Subtotal:

$5,502,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Total Segment Length (Feet): 7,425

Segment 355: Lower San Joaquin Levee District, Unit 4
Overall Reach Categorization: Hazard Level LD (A/B)

Remediated Length (%): 100 Deficiencies Being Remediated: U

Alternative 1
$1,389,000

$7,686,000

Combo Berm Cost:

Seepage Cutoff Wall Cost:

$9,075,000Structural Repair Subtotal:

$9,075,000Total Alternative 1 Cost:

Alternative 2
$10,555,000Seepage Cutoff Wall Cost:

$10,555,000Structural Repair Subtotal:

$10,555,000Total Alternative 2 Cost:

Total Segment Length (Feet): 63,630

Segment 5028: San Joaquin River, Reach 4A
Overall Reach Categorization: Hazard Level LD (A/B)

Remediated Length (%): 90 Deficiencies Being Remediated: U+FG

Alternative 1

$64,360,000

$2,444,000S Berm Cost:

Seepage Cutoff Wall Cost:

$66,803,000Structural Repair Subtotal:
$896,000Freeboard/Geometry Repair:

$896,000Non-Structural Repair Subtotal:

$67,700,000Total Alternative 1 Cost:

Alternative 2
$68,178,000Seepage Cutoff Wall Cost:

$68,178,000Structural Repair Subtotal:
$896,000Freeboard/Geometry Repair:

$896,000Non-Structural Repair Subtotal:

$69,074,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.

Page 42 of 44

12/23/2010



DRAFT TABLE 5
SOUTH NULE RACER

ALTERNATIVE REMEDIATION COSTS GROUPED BY GAR STUDY AREA

Total Segment Length (Feet): 102,521

Segment 5030: San Joaquin River, Reach 3
Overall Reach Categorization: Hazard Level LD (A/B)

Remediated Length (%): 70 Deficiencies Being Remediated: U+FG

Alternative 1
$98,358,000Seepage Cutoff Wall Cost:

$98,358,000Structural Repair Subtotal:
$1,444,000Freeboard/Geometry Repair:

$1,444,000Non-Structural Repair Subtotal:

$99,802,000Total Alternative 1 Cost:

Total Segment Length (Feet): 8,517

Segment 73: Merced County Stream Group, Unit 1
Overall Reach Categorization: Hazard Level LD (A/B)

Remediated Length (%): 50 Deficiencies Being Remediated: U+FG

Alternative 1
$10,487,000Seepage Cutoff Wall Cost:

$10,487,000Structural Repair Subtotal:
$209,000Freeboard/Geometry Repair:

$209,000Non-Structural Repair Subtotal:

$10,696,000Total Alternative 1 Cost:

Total Segment Length (Feet): 57,522

Segment 5029: San Joaquin River, Reach 4A
Overall Reach Categorization: Hazard Level LD (B/C)

Remediated Length (%): 20 Deficiencies Being Remediated: U+T+E

Alternative 1
$4,417,000

$10,929,000

Combo Berm Cost:

Seepage Cutoff Wall Cost:

$15,346,000Structural Repair Subtotal:
$5,355,000

$1,485,000

Erosion Repair:

Freeboard/Geometry Repair:

$68,392,000Non-Structural Repair Subtotal:

$22,185,000Total Alternative 1 Cost:

Note: Estimates are order of magnitude estimates.
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Alternative 2
$21,858,000Seepage Cutoff Wall Cost:

$21,858,000Structural Repair Subtotal:
$5,355,000

$1,485,000

Erosion Repair:

Freeboard/Geometry Repair:

$68,392,000Non-Structural Repair Subtotal:

$28,697,000Total Alternative 2 Cost:

Note: Estimates are order of magnitude estimates.
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ATTACHMENT 3 

RESPONSES TO AGENCY COMMENTS 



AGENCY COMMENTS

Contract Number:

Document Date:

Review  Date:

Response Date:

Verification Date:

No. Reference Comment Status1 Response to Comments
1 1.0, par 2 It seems simpler to refer to this as the North NULE Study Area, as this term 

was defined in the first paragraph.  Please change throughout TM.

A "North NULE Study Area" will replace "North Non-Urban Sacramento River 

Valley Flood Control System" after the initial definition in the first 

paragraph.

2 2.0 TAT stands for "Technical Approach Team" A  "Technical Advisory Team" will be replaced by "Technical Approach Team"  

throughout the final document.

3 2.0 should be "and a list of action items" or "and lists of action items" A The text will be revised to read "...and a list of action items…"

4 3.1.1 Is "stem" commonly used in this context?  If not, please clarify. A The word stem in this context is acceptable.  However, for clarity the 

sentence will be revised with "main river system levees" replacing "main 

stem river levees". 

5 3.1.3 I think "local" would be more appropriate than "State" A The text will be revised so that "State" is replaced by "local."

6 3.1.3 Please remove "inflated." A The text will be revised so that "inflated" is replaced by "higher"

7 3.1.7 The remediation costs for these missing segments should be estimated 

according to Assumption No. 7 in the Key Assumptions list.

A Text will be added to the report including a prorated cost for the additional 

segments.

8 3.1.8 We need to add an average cost per mile for burrow repair, based on DWR 

experience.  This is described in the Key Assumptions list (Item No. 30).

A Information received from DWR regarding average cost per mile for burrow 

repair will be incorporated into text.

9 3.2, par 1 Please be consistent when using numerals or spelled numbers (e.g., 20 vs. 

twenty).  This sentence uses "20" and "six."

C Numbers below ten are typically spelled out, anything 11 and higher is 

permissible to use as a number, e.g., 20.

10 5.0 par 6 mid 

page

Wasn't the 20% only for erosion? A Yes.  Sentence being clarified to apply to erosion case only.

11 Table 1 It would be helpful to have a summary at the beginning of this table that 

sums the presented information for all study areas.

A Table 1 will be revised to include an over-all summary table.

12 Table 1 Please add footnote to define "Structural Remediations." A Table 1 will be revised to include a footnote clarifying "Structural 

Remediations".

13 Tables 2 and 

3

Can a remediation cost per mile be added in these subtotal rows?  This 

comment applies to Tables 2 and 3.

A Tables 2 and 3 will be revised to include subtotals for remediation cost per 

mile.

Program Name
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NORTH NULE - REMEDIATION ALTERNATIVES AND COST ESTIMATE REPORT 
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AGENCY COMMENTS

Contract Number:

Document Date:

Review  Date:
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No. Reference Comment Status1 Response to Comments
1 Figure 4 Figure 4 (Freeboard and Geometry Repair) was not discussed in the text.  

Other Figures were at least mentioned in the text.

A Text will be included in the Final Memorandum referencing Figure 4.

2 Levee 

Lengths 

inconsistent

Levee lengths were rounded off in Table 2 (Through seepage, 
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Protection of Small 
Communities 
This appendix documents the conceptual design and cost estimates for 
providing protection for small communities within the Systemwide 
Planning Area. Protection approaches 100-year level for structural 
remediation of existing levees or new levees.  However, local drainage 
issues were not analyzed for 100-year protection and costs and other non-
structural improvements may be required to provide 100-year level of 
protection.  Small-community cost estimates are incorporated into the 
overall total costs described in Appendix A. 

Background 

Small communities were defined as developed areas with fewer than 
10,000 residents. Because small communities do not fall in the category of 
urban or urbanizing areas (10,000 or more residents, currently or within the 
next 10 years), they are not required to meet the State-mandated 200-year 
level of protection requirements for urban areas. However, they are 
required to continue to meet the Federal Emergency Management Agency 
(FEMA) standard 100-year level (1 percent Annual Exceedence Probability 
(AEP)) of protection for property located within the flood hazard zone. 

As a part of the Protect High Risk Communities Approach, small 
communities were identified using the follow data sources: 

• California Department of Finance 

• Census-Designated Places (CDP) 

• California List of Places (U.S. Geological Survey Topographic 
Quadrangle) 

Flood threats to small communities were characterized using attributes 
related to flood frequency, potential flood depth, and proximity to the 
nearest river. These characterizations were then used to prioritize the small 
communities into four categories: 
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• Group A (High Hazard) – Communities subject to high flooding 
frequency (greater than 1 percent per year) and also subject to deep 
flooding conditions (potential flood depths exceeding 3 feet on 
average). 

• Group B (Moderate to High Hazard) – Communities subject to high 
flooding frequency (greater than 1 percent per year), subject to sheet 
flooding conditions (potential flood depths of less than 3 feet on 
average), and less than two miles from a major flooding source. 

• Group C (Low to Moderate) – Communities subject to high flooding 
frequency (greater than 1 percent per year), subject to sheet flooding 
conditions (potential flood depths of less than 3 feet on average), and 
more than two miles from a major flooding source. 

• Group D (Low Hazard) – Communities that are not subject to high 
flooding frequency (less than 1 percent per year). 

Improving protection facilities is one option to mitigate flood threats to 
small communities. This can be accomplished by strengthening 
(reconstruction-in-place) existing levees, raising existing levees, and/or 
constructing new levees.  The following sections describe the process of 
developing designs and cost estimates for the improvements needed to 
protect each small community. Small communities considered are depicted 
in Figures D-1 and D-2. 

Conceptual Design Approach 

A combination of data sources was used to determine a conceptual design 
for structural fixes needed to provide 1 percent AEP flood level protection 
to each small community. The first step was to identify existing project and 
nonproject levee sections surrounding the community identified in 
Geotechnical Assessment Reports (GAR) for the South and North Non-
Urban Levee Evaluations (NULE) Project study areas (April 2010). The 
NULE GARs evaluated existing levees and recommended remediation 
needed to restore them to the 1955/57 design criteria. Additional nonproject 
levees not covered in the NULE GARs were identified in existing 
geographic information system (GIS) mapping. The levees covered by the 
NULE GARs were further evaluated to determine if the 1955/57 level 
remediation would provide the required 3 feet of freeboard for 1 percent 
AEP water levels by comparing top-of-levee and 1 percent AEP water-
level elevations from the hydraulic routing analysis (using a UNET model). 
If adequate freeboard was not available, a levee raise was recommended for 
the existing levee. 
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Updated floodplain depths and extents were not available for use in 
developing the 2012 CVFPP.  To identify small communities at risk, a 
combination of Sacramento and San Joaquin River Basins Comprehensive 
Study (Comprehensive Study) 1 percent floodplains (FLO-2D) and FEMA 
1 percent floodplain mapping was used (USACE, 2002).  For communities 
identified using the FEMA floodplain data, it was not certain whether the 
source of flooding was SPFC facilities or local drainages; local drainages 
would be outside the scope of the CVFPP.  Consequently, future analyses 
will be needed to refine the potential State of California (State) interest in 
improving the level of protection for these communities as part of CVFPP 
implementation. 



2012 Central Valley Flood Protection Plan 
Attachment 8J: Cost Estimates 
Appendix D. Protection of Small Communities 

D-4 January 2012 
 Public Draft 

 
Figure D-1.  Small Communities Within Sacramento River Basin 
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Figure D-2.  Small Communities Within San Joaquin River Basin 
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Using the best hydraulic data available, each small community was also 
examined to determine if new levees were needed to provide protection 
either in addition to fixing existing levees in place, or in lieu of a 
reconstruction-in-place alternative. The new levee category also included 
existing levees not covered in the NULE GARs; these levees were 
recommended to be replaced because no information was available to 
determine a reconstruction-in-place alternative.  For “new” and “replaced 
existing” levees, required levee height was calculated as the depth of flood 
inundation found on the FLO-2D inundation maps plus 3 feet of freeboard.  
FLO-2D inundation maps were created in GIS using 1 percent AEP flood 
inundation depths created using levee performance curves from the 
Comprehensive Study. 

Levee Design Criteria 
The DWR Urban Levee Design Criteria (ULDC)1 were used, as 
appropriate to levee location and function, in the conceptual design of new 
levees for this study.  Conceptual levee designs include a waterside slope of 
3H: 1V and a landside slope of 2H: 1V.  For inspection and emergency 
vehicle access, a 12-foot-wide crown would be constructed with a 10-foot-
wide by 6-inch-deep layer of aggregate base material along an entire 
alignment.  Crowns 20 feet wide were used for levees greater than 15 feet 
in height.  Easements would include a permanent, 20-foot-wide right-of-
way (ROW) on each side of training, tieback, and ring levees for inspection 
and maintenance, plus an additional temporary 5 feet on each side of the 
levees for construction.  Easements for new levees along existing channels 
would include a 20-foot-wide ROW, plus an additional temporary 5 feet on 
the landside, only.  To help prevent erosion, all areas except the 10-foot-
wide gravel roadway along the crown would receive a hydroseed 
application after construction. 

Cost Estimating 
Cost estimates for each small community were based on two sources: 

• Reconstruction-in-place cost extracted from the DWR South and North 
NULE Project Remediation Alternatives and Cost Estimate Reports 
(RACER) (June 2011). 

• New levee cost developed based on the Parametric Cost Estimating 
Tool (PCET), which was used in the RACERs. 

A description of how these sources were used to provide cost information 
is included in the following sections. 

                                                           
1 The ULDC are under development at the time of this report. 
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Common Elements 
A consistent cost approach was applied to the direct and indirect costs 
(Tables D-1 and D-2).  The common elements were based on the same 
criteria used in the Sacramento and San Joaquin river watersheds for Urban 
Levee Evaluations (ULE) Project and NULE cost estimating to have 
comparable costs for establishing the State’s priorities and allocations. 

Table D-1.  Common Elements – Direct Unit Costs 
Item Unit/sum Unit Cost/Percentage 

Excavation cubic yard $5 
Clearing and Grubbing acre $5,000 
Stripping acre $3,000 
Waste Material cubic yard $4 
Embankment Fill cubic yard $16 
Fill cubic yard $4 
Aggregate Road Base ton $35 
Hydroseeding acre $2,000 
Permanent Right-of-Way acre $10,000 – $300,000 
Temporary Easement acre $5,000 
Unallocated Items lump sum 5% 
Mobilization and 
Demobilization lump sum 5% 

Environmental Mitigation lump sum 25% 

Table D-2.  Common Elements – Indirect Costs 
Item Cost Percentage 

Escalation (to October 2011) 3% 
Contingency 30% 
Engineering and Design 15% 
Permitting and Legal 5% 
Engineering Services During Construction 2% 
Construction Management 15% 

Reconstruction-in-Place Cost 
Costs were extracted from the NULE RACERs according to the levee 
segment identified in the NULE GARs and the adverse conditions being 
remediated. If an entire levee segment was recommended for repair, the 
least-cost alternative identified in the NULE RACERs was used. If only a 
portion of the levee segment was recommended for repair, there were two 
options for associating costs based on the length of the levee portion: 
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1. If the length of the portion of the levee was greater than the length 
being remediated in the associated cost option for the entire levee 
segment, then the cost as described in the RACER to repair the entire 
levee segment was used. 

2. If the length of the portion of the levee was less than the length being 
remediated in the associated cost option for the entire levee segment, 
then the cost of remediation was assigned to the alternative on a cost-
per-length basis. 

For both options, performance events were used to define the most 
prevalent levee hazard condition in the portion. The cost of remediation for 
that levee condition issue was used to determine cost. If no performance 
event was identified, the least-cost alternative was used. 

New Levee Cost 
The process for estimating costs for new levees began with creating an 
average levee cross section along a proposed alignment.  From FLO-2D 
hydraulic modeling results, the proposed horizontal and vertical alignments 
were initially determined.  Horizontal alignments for conceptual levees 
were typically chosen along boundaries of the most densely populated 
regions of the community.  However, proposed horizontal alignments can 
vary, depending on the layout of a community, existing topography, 
whether the origin of simulated flood flows can reliably be determined, or a 
combination of all three. 

Vertical alignments for new levees were based on either an average height 
method or, more conservatively, the uppermost limit of inundation from 
simulated water depths.  The average height method considered the level of 
inundation from simulated FLO-2D modeling for various lengths of the 
proposed horizontal alignments and averages them.  Both methods for 
determining vertical alignments included an additional 3 feet of freeboard.  
After an average levee cross section was established, areas and volumes 
were then calculated along the proposed alignments. 

From these calculated volumes and areas, the following quantities were 
then produced: clearing, stripping, and grubbing; waste material; 
embankment fill; aggregate road base for levee crowns; hydroseeding; and 
easement acquisitions.  To create more thorough cost estimates, and to be 
consistent with the cost-estimating analysis for reconstruction-in-place 
repairs, additional line items for construction and indirect costs were added.  
These line items include (as a percentage of civil construction costs) 
unallocated items, mobilization and demobilization, environmental 
mitigation (and as a percentage of total costs) escalation, contingency, 
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engineering design, permitting and legal, engineering services during 
construction, and construction management. 

Small Community Characteristics and Cost 

Table D-3 summarizes the characteristics and cost estimates developed for 
the Group A, B, and C communities. The table includes communities that 
receive protection from the SPFC and those outside the SPFC Planning 
Area. It should be noted that ranges reflecting cost uncertainties are not 
shown in this table. Cost uncertainty ranges are developed in Appendix A. 
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Group A Communities 

This section describes the conceptual design and cost estimate for each 
Group A community. The following is a list of the communities covered in 
this section: 

• Knights Landing 

• Grayson 

• Isleton 

• Walnut Grove 

• Meridian 

• Nicolaus 

• Courtland 

• Robbins 

• Hood 

• Friant 

Knights Landing 
Knights Landing is an unincorporated community in Yolo County that sits 
at the confluence of the Colusa Basin Drainage Canal, Knights Landing 
Ridge Cut, and Sacramento River, which border the north, west, and 
southern portions of the community, respectively. FLO-2D hydraulic 
modeling results overlaid on an aerial photo of Knights Landing (Figure D-
3) showed that the water depth from a simulated 1 percent AEP flood 
would range from 0 to 15 feet in the community. 

Two options were identified to protect Knights Landing. Option 1 is a 
reconstruction-in-place alternative repairing all of Levee Segments 162, 
172, and 217, as described in the NULE GAR, with the addition of a 1.4-
foot levee raise to the entire length of Segment 162 based on the 1 percent 
AEP water levels from the UNET model. This option would provide 
protection to an area beyond the community south, toward the Yolo 
Bypass. The least-cost alternative, as shown in the RACER, was used for 
each segment, giving a total capital cost of $10.1 million for Option 1. This 
cost does not include costs associated with raising all of Levee 
Segment 162. 
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Figure D-3.  Knights Landing Levees Approach 
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Option 2 is a combination alternative that would provide a ring levee 
system.  It would involve reconstruction-in-place repairs to portions of 
Segments 217 and 162, with the addition of a 1.4-foot levee raise to the 
portion of Segment 162, as well as construction of a new levee on the south 
between existing Levee Segments 217 and 162. The new levee would have 
a 12-foot crown, with an average height of 18 feet, spanning about 1.04 
miles. This option would provide protection only to the area within the 
Knights Landing community (Figure D-3). Cost for portions of Segments 
217 and 162 were selected based on the performance events listed for each 
segment in the segment summaries of the NULE GAR. No performance 
events were shown for the portion of Segment 217, and the length of the 
portion was more than the total length of repair for the least-cost alternative 
for the entire segment; therefore, the least-cost alternative, as shown in the 
RACER, was used. Segment 162 showed under-seepage issues in the area, 
and the length of the portion was less than the total length for the cost of 
remediation that included under-seepage; therefore, the cost per length of 
the under-seepage alternative was applied to a portion of Segment 162. The 
new levee cost was assessed using the developed methodology. The total 
capital cost for Option 2, not including the costs associated with raising the 
portion of Levee Segment 162, was estimated to be $26.4 million. 

Grayson 
Grayson is an unincorporated community in Stanislaus County located 
directly adjacent to the left bank of the San Joaquin River.  FLO-2D 
hydraulic modeling results referenced over aerial photography of Grayson 
(Figure D-4) revealed that a water depth from a simulated 1 percent AEP 
storm would be in the range of 1.5 to 10 feet in the areas closest to the San 
Joaquin River.  In addition, GAR and RACER information was reviewed 
for the type and cost of remediation necessary to repair the existing levee 
next to Grayson.  After analyzing the available data, it was determined that 
reconstruction-in-place repairs along the left bank of the San Joaquin River, 
in combination with constructing a new training levee on the northern edge 
of town, would protect Grayson from a 1 percent AEP storm (Figure D-4). 

The recommended repairs along the left bank of the San Joaquin River 
include remediation for under-seepage, through-seepage, and nonseepage-
related stability.  The cost to repair the entire 1.8-mile levee segment, 
identified in the GAR as Segment 207, is estimated at $8.4 million, which 
calculates to about $4.7 million per mile.  The cost per mile was then 
applied to only a 0.50-mile portion of Segment 207 (Figure D-4), to 
estimate the reconstruction-in-place costs. 

To complete the conceptual layout, a training levee would be constructed 
beginning at the left bank of the San Joaquin River and extending about 0.2 
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miles westward along the northern edge of Grayson.  The training levee has 
been conservatively designed with an average height of 5.73 feet.  The 
average height was calculated by using a weighted average of 8 feet (5 feet 
plus an additional 3 feet of freeboard) for a portion of the alignment, and 
4.5 feet (1.5 feet plus an additional 3 feet of freeboard) for the remaining 
portion.  The total cost for construction, including reconstruction-in-place 
repairs, was estimated to be $2.7 million. 
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Figure D-4.  Grayson Levees Approach 
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Isleton 
Isleton is a city in Sacramento County located on Andrus Island in the 
Delta. It sits on the left bank of the Sacramento River along California 
State Route 160. A small portion of the city stretches south to the 
Georgiana Slough, just east of the oxbow. FLO-2D hydraulic modeling 
results overlaid on an aerial photograph of Isleton showed that the water 
depth from a simulated 1 percent AEP flood would range from 5 to 15 feet 
in the city (Figure D-5). 

The conceptual design for Isleton is a combination alternative that would 
provide a ring levee system.  It would involve reconstruction-in-place 
repairs to portions of Segments 40 and 378, with the addition of a 0.7-foot 
levee raise to a portion of Segment 378, as well as construction of two new 
levees on the east and west between existing Levee Segments 40 and 378. 
The new levees would have a 12-foot crown, with an average height of 
18 feet, spanning about 2.8 miles in total. This option would provide 
protection beyond the city limits (Figure D-5). Cost for the portions of 
Segments 40 and 378 were selected based on the performance events listed 
for each segment in the segment summaries of the NULE GAR (DWR 
2010). Segment 40 showed under-seepage issues in the area, and the length 
of the portion was more than the total length of repair for the cost of 
remediation that included under-seepage; therefore, the under-seepage cost 
alternative for the entire segment, as shown in the RACER (DWR 2011), 
was used.  Segment 378 showed stability issues in the area, and the length 
of the portion was less than the total length for the cost of remediation that 
included stability; therefore, the cost per length of the stability alternative 
was applied to a portion of Segment 378. The new levee cost was assessed 
using the developed methodology. The total capital cost for Isleton, not 
including the costs associated with raising the portion of Levee Segment 
378, was estimated to be $34.9 million. 
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Figure D-5.  Isleton Levees Approach 
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Walnut Grove 
Walnut Grove is a Census Designated Place (CDP) in Sacramento County 
located on portions of Grand and Tyler islands at the confluence of the 
Sacramento River, Georgiana Slough, Delta Cross Canal, and Snodgrass 
Slough. FLO-2D hydraulic modeling results overlaid on an aerial 
photograph of Walnut Grove showed that the water depth from a simulated 
1 percent AEP flood would range from 0 to 15 feet in the CDP (Figure 
D-6). 

The conceptual design for Walnut Grove is a combination alternative that 
would provide a ring levee system.  It would involve reconstruction-in-
place repairs to portions of Levee Segments 384, 1040, 121, 127, and 128, 
with the addition of an 0.8-foot levee raise to the portion of Segment 
384 based on 1 percent AEP water levels from the UNET model, as well as 
construction of three new levees and replacing seven existing levees with 
new levees. The new levees would have a 12-foot crown with an average 
height of 18 feet, spanning about 1.5 miles in total. This option would 
provide protection beyond the city limits (Figure D-6).  No performance 
events where shown for the portion of Segments 384 and 1040, and the 
lengths of the portions were more than the total lengths of repair for the 
least-cost alternative for the entire segments, respectively; therefore, the 
least-cost alternatives, as shown in the RACER (DWR 2011), were used. 
Segments 121, 127, and 128 were categorized as low for all levee condition 
categories, meaning no repairs were recommended. Therefore, no 
remediation costs were associated with these segments. The new levee cost 
was assessed using the developed methodology. The total capital cost for 
Walnut Grove was estimated to be $40.6 million. This cost does not 
include costs associated with raising the portion of Levee Segment 384 or 
other levee raises, which were not assessed at this time because data from 
the UNET model are pending. 
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Figure D-6.  Walnut Grove Levees Approach 
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Meridian 
Meridian is an unincorporated community located along the left bank of the 
Sacramento River in Sutter County.  FLO-2D hydraulic modeling results 
referenced over aerial photography of Meridian (Figure D-7) showed that 
the water depth from a simulated 1 percent AEP flood would be in the 
range of 0 to 15 feet.  In addition, GAR (DWR 2010) and RACER 
(DWR 2011) information was reviewed for the type and cost of 
remediation necessary to repair the existing levee adjacent to Meridian.  
After analyzing the available data, it was determined that reconstruction-in-
place repairs along the left bank levee of the Sacramento River, in 
combination with construction of a ring levee around Meridian, would 
protect the community from a 1 percent AEP flood (Figure D-7). 

The recommended repairs along the left bank of the Sacramento River 
include remediation for under-seepage, through-seepage, and nonseepage-
related stability.  The cost to repair a 3.1-mile portion of the levee segment, 
identified in the GAR as Segment 115, is estimated at $34.3 million, which 
calculates to about $11.1 million per mile.  The cost per mile was then 
applied to only the 0.34-mile portion of Segment 115 (Figure D-7) to 
estimate the reconstruction-in-place costs.  Although areas of inadequate 
freeboard related to 1957 design elevations were not identified along 
Segment 115, more data are needed to determine whether the levee 
segment has the minimum 3 feet of freeboard for a 1 percent AEP level of 
protection.  Additional costs to increase the crown elevation and overall 
size of the levee prism may apply. 

To complete the conceptual layout, a new ring levee would be constructed 
to encircle Meridian.  The 1.51-mile ring levee would begin and end at the 
left bank of the Sacramento River, encapsulating the portion of the existing 
levee to receive reconstruction-in-place repairs.  The average height of 
12.88 feet was calculated using a weighted average of 18 feet (15 feet plus 
an additional 3 feet of freeboard), 13 feet (10 feet plus an additional 3 feet 
of freeboard), 8 feet (5 feet plus an additional 3 feet of freeboard), and 
4.5 feet (1.5 feet plus an additional 3 feet of freeboard) for different 
portions of the ring levee alignment, depending on the simulated water 
depth from hydraulic modeling.  Total cost for construction, including 
reconstruction-in-place repairs, was estimated to be $12.4 million. 
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Figure D-7.  Meridian Levees Approach 
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Nicolaus 
Nicolaus is an unincorporated town and area in Sutter County along 
California State Route 99, about 0.1 miles south of the Feather River.  
FLO-2D hydraulic modeling results overlaid on an aerial photograph of 
Nicolaus showed no inundation during a 1 percent AEP flood in the town 
(Figure D-8). 

Because no inundation was shown, constructing a new levee was not an 
option. Therefore, the conceptual design is a reconstruction-in-place 
alternative repairing all of Levee Segment 247, as described in the NULE 
GAR (DWR 2010). This option would provide protection to an area 
beyond the town (Figure D-8). The least-cost alternative, as shown in the 
RACER (DWR 2011), was used for Segment 247, giving a total capital 
cost of $1.9 million. This cost does not include expenses associated with 
levee raises, which were not assessed at this time because data from the 
UNET model are pending. 
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Figure D-8.  Nicolaus Levees Approach 
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Courtland 
Courtland is an unincorporated community in Sacramento County located 
along the left bank of the Sacramento River along California State Route 
160, 17 miles south-southwest of Sacramento.  FLO-2D hydraulic 
modeling results overlaid on an aerial photograph of Courtland showed no 
inundation during a 1 percent AEP flood in the community (Figure D-9). 

Because no inundation was shown, constructing a new levee was not an 
option. Therefore, the conceptual design is a reconstruction-in-place 
alternative repairing all of Levee Segments 126 and 131, as described in the 
NULE GAR (DWR 2010). This option would provide protection to an area 
beyond the community (Figure D-9). The least-cost alternative, as shown in 
the RACER (DWR 2011), was used for each segment, giving a total capital 
cost of $12.6 million. This cost does not include expenses associated with 
levee raises, which were not assessed at this time because data from the 
UNET model are pending. 
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Figure D-9.  Courtland Levees Approach 
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Robbins 
Robbins is an unincorporated town in Sutter County situated about 1.5 to 
two miles from the left bank of the Sacramento River to the west and 
about 2.5 to three miles from the right bank of the Sutter Bypass to the east.  
FLO-2D hydraulic modeling results referenced over aerial photography of 
Robbins (Figure D-10) showed that a water depth from a simulated 
1 percent AEP flood would be a minimum of 5 to 10 feet over the entire 
area, with as much as 10 to 15 feet of inundation in some lower-lying areas.  
In addition, the GAR (DWR 2010) and RACER (DWR 2011) information 
was reviewed for the type and cost of remediation necessary to repair 
existing levees in the Robbins area.  Reconstruction-in-place options were 
ultimately eliminated because of the considerable distance between the 
existing levees along the Sacramento River and the Sutter Bypass and the 
town of Robbins.  To reliably protect Robbins with reconstruction-in-place 
options, several miles of existing levees nearest to and upstream from 
Robbins would require a significant amount of remediation related to 
under-seepage, through-seepage, and nonseepage-related stability.  After 
considering the geographical size and layout of Robbins, as well as its 
proximity to existing levees, constructing a ring levee around the town was 
chosen as the most practical approach to protect Robbins from a 1 percent 
AEP flood (Figure D-10). 

A conceptual ring levee has been conservatively designed with an average 
height of 13.91 feet.  The average height was calculated using a weighted 
average of 13 feet (10 feet plus an additional 3 feet of freeboard) for most 
of the ring levee, and 18 feet (15 feet plus an additional 3 feet of freeboard) 
for the areas with the deepest inundation.  The length of levee needed to 
encircle Robbins was approximated at 2.25 miles, and the total cost for 
construction was estimated to be $16.5 million. 
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Figure D-10.  Robbins Levee Approach 
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Hood 
Hood is an unincorporated community in Sacramento County located on 
the left bank of the Sacramento River along California State Route 160, 15 
miles south of downtown Sacramento. FLO-2D hydraulic modeling results 
overlaid on an aerial photograph of Hood showed that the simulated water 
depth from a simulated 1 percent AEP flood would range from 0 to 15 feet 
(Figure D-11). 

The conceptual design for Hood is a combination alternative that would 
provide a ring levee system.  It would involve reconstruction-in-place 
repairs to portions of Levee Segment 106, as well as construction of new 
levee on the north and replacement of existing levees with new levees on 
the east and south. The new levees would have a 12-foot crown, with an 
average height of 18 feet, spanning about 1.5 miles in total. This option 
would provide protection beyond the city limits (Figure D-11). Cost for the 
portions of Segment 106 was selected based on the performance events 
listed for each segment in the segment summaries of the NULE GAR 
(DWR 2010). Segment 106 showed under-seepage issues in the area, and 
the length of the portion was less than the total length for the cost of 
remediation, which included under-seepage; therefore, the cost per length 
of the under-seepage alternative was applied to a portion of Segment 160. 
The new levee cost was assessed using the developed methodology. The 
total capital cost for Hood was estimated to be $19.9 million. This cost 
does not include expenses associated with levee raises, which were not 
assessed at this time because data from the UNET model are pending. 
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Figure D-11.  Hood Levees Approach 



 Protection of Small Communities 
 

January 2012 D-31 
Public Draft 

Friant 
Friant is an unincorporated community in Fresno County located along the 
left bank of the San Joaquin River, just below Friant Dam and Millerton 
Lake.  FLO-2D hydraulic modeling results referenced over aerial 
photography of Friant (Figure D-12) revealed that simulated water depth 
from a simulated 1 percent AEP flood would be greater than 15 feet in 
areas closest to the San Joaquin River, decreasing farther south into Friant.  
GAR (DWR 2010) and RACER (DWR 2011) information does not apply 
because there is no existing levee along the left bank of the San Joaquin 
River adjacent to Friant.  As a result, the conceptual levee layout to protect 
Friant from a 1 percent AEP flood includes a new, substantial levee along 
the left bank of the San Joaquin River as well as a less robust tieback levee 
to the west. 

The conceptual left bank levee was designed with a height of 23 feet.  
Because hydraulic modeling results closest to the river showed the range of 
water depths to be greater than 15 feet, with no explicit maximum upper 
limit, the conceptual left bank levee was conservatively designed with a 
height of 23 feet (20 feet plus an additional 3 feet of freeboard). 

The conceptual tieback levee was conservatively designed with an average 
height of 13 feet.  The average height was calculated using a weighted 
average of 23 feet (20 feet plus an additional 3 feet of freeboard) for the 
portion of the alignment closest to the left bank levee, and 4.5 feet (1.5 feet 
plus an additional 3 feet of freeboard) for the remaining portion.  The total 
cost for construction, including reconstruction-in-place repairs, was 
estimated at $22.6 million. 
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Figure D-12.  Friant Levees Approach 
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Group B Communities 

This section describes the conceptual design and cost estimate for each 
Group B community. The following is a list of the communities covered in 
this section: 

• Firebaugh 

• Colusa 

• Durham 

• Rio Vista 

• Wheatland 

• Gerber-Las Flores 

• Glenn 

• Clarksburg 

• Verona 

• Grimes 

• Princeton 

• Palermo 

• Butte City 

• Mendota 

• Bethel Island 

• Chester 

• Los Molinos 

• Hamilton City 

• Thornton 

• Tranquility 

• Tehama 

Firebaugh 
The City of Firebaugh is located along the San Joaquin River in Fresno 
County.  Most of the community lies along the left bank of the San Joaquin 
River; however, two small subdivisions and a water treatment facility are 
located on the other side of the San Joaquin River, along the right bank.  
FLO-2D hydraulic modeling results referenced over aerial photography of 
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Firebaugh (Figure D-13) showed that the water depth from a simulated 1 
percent AEP flood would be in the range of 0 to 15 feet.  In addition, the 
NULE GAR (DWR 2010) and RACER (DWR 2011) information was 
reviewed for the type and cost of remediation necessary to repair the left 
and right banks of the San Joaquin River adjacent to Firebaugh.  After 
analyzing the available data, it was determined that reconstruction-in-place 
repairs along the left bank levee of the San Joaquin River, in combination 
with the construction of training levees to the north and south, would 
protect the community west of the San Joaquin River (left bank) from a 1 
percent AEP flood (Figure D-13).  In addition, construction of two separate 
ring levees to protect the water treatment facility and the larger of the two 
subdivisions along the right bank of the San Joaquin River would protect 
most of the community east of the San Joaquin River from a 1 percent AEP 
flood.  The smaller of the two subdivisions to the east, which contains 11 
homes, would be difficult to protect through the use of levees because of its 
proximity to a canal on one side.  To protect the smaller subdivision, costly 
repairs along the right bank of the San Joaquin River or the construction of 
a levee/floodwall combination would need to be considered. 

The recommended repairs along the left bank of the San Joaquin River 
include remediation for freeboard and geometry only.  About 1.94 miles of 
the levee segment, identified in the GAR as Segment 5030, were identified 
as having inadequate freeboard and geometry, with no reference to 
location.  Also, hydraulic modeling results from a 1 percent AEP flood 
appear to simulate areas of overtopping adjacent to Firebaugh.  In the 
interest of being conservative, the entire cost to fix freeboard and geometry 
was applied to the 3.64-mile portion of the levee segment identified in the 
conceptual layout for Firebaugh (Figure D-13) to estimate reconstruction-
in-place costs.  Although the cost to repair freeboard along Segment 5030 
to 1955 design elevations was applied to the current cost estimate, more 
data are needed to determine if the levee segment has the minimum 3 feet 
of freeboard for a 1 percent AEP level of protection.  Additional costs to 
increase the crown elevation and overall size of the levee prism may apply. 

In addition to reconstruction-in-place repairs along the left bank of the San 
Joaquin River, two training levees would be constructed, both north and 
south of Firebaugh, to complete the conceptual layout west of the river.  
The northern training levee, which would extend 1.37 miles, would begin 
at the left bank of the San Joaquin River and stretch along the edge of the 
city to cut off floodflows from the north.  The northern training levee was 
conservatively designed with an average height of 4.65 feet.  The average 
height was calculated by using a weighted average of 8 feet (5 feet plus an 
additional 3 feet of freeboard) for the portion of the alignment closest to the 
river, and 4.5 feet (1.5 feet plus an additional 3 feet of freeboard) for the 
remaining portion. 
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The southern training levee would begin at the left bank of the San Joaquin 
River and stretch 0.96 miles along the edge of the city, cutting off 
encroaching floodflows from the south.  The southern training levee was 
conservatively designed with an average height of 4.72 feet.  The average 
height was calculated by using a weighted average of 8 feet (5 feet plus an 
additional 3 feet of freeboard) for the portion of the alignment closest to the 
river, and 4.5 feet (1.5 feet plus an additional 3 feet of freeboard) for the 
remaining portion. 

The conceptual layout east of the San Joaquin River (right bank) consists of 
two ring levees.  The first ring levee would encircle a housing subdivision 
consisting of about 70 residences and one commercial business.  The ring 
levee totals approximately 1.32 miles, and was conservatively designed 
with an average height of 4.63 feet.  The average height was calculated by 
using a weighted average of 8 feet (5 feet plus an additional 3 feet of 
freeboard) for a small portion of the ring levee to the southeast and 4.5 feet 
(1.5 feet plus an additional 3 feet of freeboard) for the remaining portion. 

The second ring levee to the east surrounds a water treatment facility 
directly adjacent to the right bank of the San Joaquin River.  The ring levee 
extends 0.32 miles, and has been conservatively designed with an average 
height of 6.83 feet.  The average height was calculated by using a weighted 
average of 8 feet (5 feet plus an additional 3 feet of freeboard) for most of 
the alignment, and 4.5 feet (1.5 feet plus an additional 3 feet of freeboard) 
for the remaining portion.  The total cost for construction, including 
reconstruction-in-place repairs, both training levees, and both ring levees, 
was estimated at $8.8 million. 
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Figure D-13.  Firebaugh Levees Approach 
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Colusa 
The City of Colusa is located along the right bank of the Sacramento River 
in Colusa County.  FLO-2D hydraulic modeling results referenced over 
aerial photography of Colusa (Figure D-14) showed that the water depth 
from a simulated 1 percent AEP flood would be in the range of 0 to 15 feet.  
In addition, GAR (DWR 2010) and RACER (DWR 2011) information was 
reviewed for the type and cost of remediation necessary to repair the 
existing levee adjacent to Colusa.  After analyzing the available data, it was 
determined that reconstruction-in-place repairs along the right bank levee 
of the Sacramento River, in combination with construction of a training 
levee extending along the north and west of Colusa, would protect the 
community from a 1 percent AEP flood (Figure D-14). 

The recommended repairs along the right bank of the Sacramento River 
include remediation for under-seepage, through-seepage, and freeboard and 
geometry for the first levee segment, and under-seepage, through-seepage, 
and erosion for the second segment.  More costly repair alternatives were 
chosen for both levee segments based on previous seepage issues along the 
segments, and because of sharp meander in the Sacramento River as it 
approaches Colusa.  The cost to repair a 0.63-mile portion of the first levee 
segment, identified in the GAR as Segment 100, was estimated at $7 
million, which calculates to about $9.9 million per mile.  The cost to repair 
the second 4.0-mile levee segment, identified in the GAR as Segment 287, 
was estimated at $53.5 million, which calculates to about $13.4 million per 
mile.  The cost per mile was then applied to the entire 0.63-mile portion of 
Segment 100 and a 2.26-mile portion of Segment 287 (Figure D-14) to 
estimate the total reconstruction-in-place costs.  The more expensive repair 
alternative for Levee Segment 100 was selected because it addresses under-
seepage, which has proven to be a problem for Colusa during periods of 
high water in the Sacramento River.  The more expensive repair alternative 
for Levee Segment 287 was also chosen, because it addresses under-
seepage and erosion; boils have been observed in the past, and erosion has 
occurred.  In addition, there are sharp meanders along the Sacramento 
River upstream and adjacent to Colusa, where the channel is against the 
levee (no setback).  Although the cost to restore freeboard along Segment 
100 to 1957 design elevations was applied to the current cost estimate, 
more data are needed to determine if both Segment 100 and Segment 287 
have the minimum 3 feet of freeboard for a 1 percent AEP level of 
protection.  Additional costs to increase the crown elevation and the overall 
size of the levee prism may apply. 

To complete the conceptual layout, a training levee would be constructed 
beginning from the right bank of the Sacramento River, just north of 
Colusa.  From the right bank of the Sacramento River, the training levee 
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would first extend about 0.53 miles westward, then run south for an 
additional 1.83 miles (approximately).  The training levee was 
conservatively designed with an average height of 6.13 feet.  The average 
height was calculated by using a weighted average of 18 feet (15 feet plus 
an additional 3 feet of freeboard), 8 feet (5 feet plus an additional 3 feet of 
freeboard), and 4.5 feet (1.5 feet plus an additional 3 feet of freeboard) for 
different portions of the training levee alignment, depending on the 
simulated water depth from hydraulic modeling.  The total cost for 
construction, including reconstruction-in-place repairs, was estimated to be 
$45.3 million. 
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Figure D-14.  Colusa Levees Approach 
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Durham 
Durham is a Census-Designated Place (CDP) in Butte County about five 
miles southeast from Chico and about one mile west from Butte Creek. 
Because of its close proximity to Chico, Durham may need to be 
considered when addressing protection for that area. FLO-2D hydraulic 
modeling results overlaid on an aerial photograph of Durham showed no 
inundation during a 1 percent AEP flood in the community (Figure D-15). 

Because no inundation was shown, constructing a new levee was not an 
option. Therefore, the conceptual design is a reconstruction-in-place 
alternative repairing all of Levee Segments 263 and 381, as described in the 
NULE GAR (DWR 2010). This option would provide protection to an area 
beyond the community (Figure D-15). The least-cost alternative, as shown 
in the RACER (DWR 2011), was used for each segment, giving a total 
capital cost of $29.2 million. This cost does not include expenses 
associated with levee raises, which were not assessed at this time because 
data from the UNET model are pending. 
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Figure D-15.  Durham Levees Approach 
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Wheatland 
The City of Wheatland is a community situated between the left bank of 
Dry Creek and the right bank of the Bear River in Yuba County.  FLO-2D 
hydraulic modeling results did not show flooding from a simulated 1 
percent AEP flood, although Wheatland is identified by FEMA as being in 
a 1 percent AEP floodplain.  GAR (DWR 2010) and RACER (DWR 2011) 
information was reviewed for the type and cost of remediation necessary to 
repair the existing levees affecting Wheatland.  After analyzing the 
available data, it was determined that reconstruction-in-place repairs along 
the entire length of the left bank levee of Dry Creek adjacent to Wheatland 
would address flooding potential until more data become available 
(Figure D-16).  Flooding potential from the right bank of the Bear River 
was not considered significant enough in the GAR to merit a cost analysis 
for reconstruction-in-place repairs at this time. 

The recommended repairs along the left bank of Dry Creek include 
remediation only for freeboard and geometry.  Given that FLO-2D 
hydraulic modeling results were unable to confirm areas of inundation, the 
least-cost alternatives were selected to repair the entire length of both levee 
segments adjacent to Wheatland.  The cost to repair the left bank of Dry 
Creek, identified in the GAR as Segment 138, was estimated to be 
$0.5 million.  The cost to repair the left bank of Dry Creek, identified in the 
GAR as Segment 154, was estimated to be $0.4 million.  Therefore, the 
total cost to remediate the entire length of each segment was estimated to 
be $0.9 million.  Although the cost to restore freeboard along Segments 
138 and 154 to 1957 design elevations was applied to the current cost 
estimate, more data are needed to determine if both Segments 138 and 
154 have the minimum 3 feet of freeboard for a 1 percent AEP level of 
protection.  Additional costs to increase the crown elevation and the overall 
size of the levee prism may apply. 
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Figure D-16.  Wheatland Levees Approach 
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Glenn 
Glenn is an unincorporated community in Glenn County located about one 
mile west of the Sacramento River, at the intersection of State Route 
45 and State Route 162, about 10 miles east of Interstate 5 (I-5). FLO-2D 
hydraulic modeling results overlaid on an aerial photo of Glenn showed 
that the water depth from a simulated 1 percent AEP flood would range 
from 0 to 1.5 feet in the community. 

The conceptual design for Glenn would provide a ring levee system.  It 
would involve constructing a new levee on the north, west, and south and 
replacing a portion of an existing levee along the Sacramento River east of 
the community with a new levee. The new levees would have a 12-foot 
crown, with an average height of 4.5 feet, spanning about 1.9 miles in total. 
This option would provide protection to only the area within the Glenn 
community (Figure D-17). The new levee cost was assessed using the 
developed methodology. The total cost estimate for Glenn is $8.6 million. 
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Figure D-17.  Glenn Levees Approach 
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Clarksburg 
Clarksburg is an unincorporated community in Yolo County along the right 
bank of the Sacramento River and Elk Slough. FLO-2D hydraulic modeling 
results overlaid on an aerial photo of Clarksburg showed that the water 
depth during a simulated 1 percent AEP flood would range from 0 to 5 feet 
(Figure D-18). 

The conceptual design for Clarksburg is a combination alternative that 
would provide a ring levee system.  It would involve reconstruction-in-
place repairs to portions of Levee Segments 303 and 244, as well as 
construction of new levees on the north and west. The new levees would 
have a 12-foot crown, with an average height of 8 feet, spanning about 
1.6 miles in total. This option would provide protection to only the area 
within the Clarksburg community (Figure D-18). No performance events 
were shown for the portions of Segments 303 and 244, and the length of the 
portions was more than the total lengths of repair for the least-cost 
alternative for the entire segments respectively; therefore, the least-cost 
alternatives, as shown in the RACER, were used. The new levee cost was 
assessed using the developed methodology. The total capital cost for 
Clarksburg was estimated to be $13.7 million. This cost does not include 
costs associated with levee raises, which were not assessed at this time 
because data from the UNET model are pending. 
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Figure D-18.  Clarksburg Levees Approach 
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Tehama 
The City of Tehama is located along the right bank of the Sacramento 
River in Tehama County.  FLO-2D hydraulic modeling results did not 
show flooding from a simulated 1 percent AEP flood, although Tehama is 
identified by FEMA as being in a 1 percent AEP floodplain.  GAR (DWR 
2010) and RACER (DWR 2011) information was reviewed for the type and 
cost of remediation necessary to repair the existing levees affecting 
Tehama.  After analyzing the available data, it was determined that 
reconstruction-in-place repairs along the entire length of the right bank 
levee of Elder Creek adjacent to Tehama would address flooding potential 
until more data become available.  Flooding potential along the right bank 
of the Sacramento River adjacent to Tehama was not addressed in the GAR 
because no levees appear to exist (Figure D-19). 

Recommended repairs along the right bank of Elder Creek include 
remediation only for freeboard and geometry.  Given that FLO-2D 
hydraulic modeling results were unable to confirm areas of inundation, the 
least-cost alternative was selected to repair the entire length of the levee 
segment adjacent to Tehama.  The cost to repair the right bank of Elder 
Creek, identified in the GAR as Segment 59, was estimated to be $3.8 
million.  Although the cost to repair freeboard along Segment 59 to 1957 
design elevations was applied to the current cost estimate, more data are 
needed to determine if Segment 59 would have the minimum 3 feet of 
freeboard for a 1 percent AEP level of protection.  Additional costs to 
increase the crown elevation and overall size of the levee prism may apply. 
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Figure D-19.  Tehama Levees Approach 
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Grimes 
Grimes is an unincorporated community located along the right bank of the 
Sacramento River in Colusa County.  FLO-2D hydraulic modeling results 
referenced over aerial photography of Grimes (Figure D-20) showed that 
water depth from a simulated 1 percent AEP flood would be 0 to 1.5 feet.  
In addition, GAR (DWR 2010) and RACER (DWR 2011) information was 
reviewed for the type and cost of remediation necessary to repair the 
existing levee adjacent to Grimes.  After analyzing the available data, it 
was determined that reconstruction-in-place repairs along the right bank 
levee of the Sacramento River, in combination with construction of a 
training levee south of Grimes, would protect the community from a 1 
percent AEP flood (Figure D-20). 

Recommended repairs along the right bank of the Sacramento River 
include remediation for under-seepage, through-seepage, nonseepage-
related stability, erosion, and freeboard.  The most thorough approach to 
repairs was chosen because of past performance issues along the levee 
segment associated with under-seepage, erosion, and possibly through-
seepage.  The cost to repair a 3.53-mile portion of the levee segment, 
identified in the GAR as Segment 288, was estimated to be $41.9 million, 
which calculates to about $11.9 million per mile.  The cost per mile was 
then applied to only the 0.50-mile portion of Segment 288 (Figure D-20) to 
estimate the reconstruction-in-place costs.  Although the cost to repair 
freeboard along Segment 288 to 1957 design elevations was applied to the 
current cost estimate, more data are needed to determine if the levee 
segment has the minimum 3 feet of freeboard for a 1 percent AEP level of 
protection.  Additional costs to increase the crown elevation and overall 
size of the levee prism may apply. 

To complete the conceptual layout, a training levee would be constructed 
beginning from the right bank of the Sacramento River, just south of 
Grimes.  From the right bank of the Sacramento River, the training levee 
would extend westward along the edge of the community.  The training 
levee was conservatively designed with a height of 4.5 feet (1.5 feet plus an 
additional 3 feet of freeboard) along the entire alignment.  The total cost for 
construction, including reconstruction-in-place repairs, was estimated to be 
$7.0 million. 
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Figure D-20.  Grimes Levee Approach 
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Butte City 
Butte City is an unincorporated community located along the left bank of 
the Sacramento River in Glenn County.  FLO-2D hydraulic modeling 
results referenced over aerial photography of Butte City (Figure D-21) 
showed that a water depth from a simulated 1 percent AEP flood would be 
in the range of 0 to 5 feet.  In addition, GAR (DWR 2010) and RACER 
(DWR 2011) information was reviewed for the type and cost of 
remediation necessary to repair the existing levee adjacent to Butte City.  
After analyzing the available data, it was determined that reconstruction-in-
place repairs along the left bank levee of the Sacramento River, in 
combination with the construction of a ring levee around Butte City, would 
protect the community from a 1 percent AEP flood (Figure D-21). 

Recommended repairs along the left bank of the Sacramento River include 
remediation for under-seepage, through-seepage, seepage-related stability, 
erosion, and freeboard.  Costs for erosion, freeboard, and geometry have 
been included, given previous observations of water backing up at the 
Highway 162 bridge just downstream from Butte City and The river 
channel is next to the left-bank levee with no setback.  The cost to repair a 
4.2-mile portion of the levee segment, identified in the GAR as Segment 
68, was estimated to be $33 million, which calculates to about $7.9 million 
per mile.  The cost per mile was then applied to only the 0.34-mile portion 
of Segment 68 (Figure D-21) to estimate the reconstruction-in-place costs.  
Although the cost to repair freeboard along Segment 68 to 1957 design 
elevations was applied to the current cost estimate, more data are needed to 
determine if the levee segment has the minimum 3 feet of freeboard for a 
1 percent AEP level of protection.  Additional costs to increase the crown 
elevation and overall size of the levee prism may apply. 

To complete the conceptual layout, a new ring levee would be constructed, 
completely encircling Butte City.  The 0.94-mile ring levee would begin 
and end at the left bank of the Sacramento River, encapsulating the portion 
of the existing levee to receive reconstruction-in-place repairs.  The 
average height of 6.25 feet was calculated using a weighted average of 
8 feet (5 feet plus an additional 3 feet of freeboard) for part of the 
alignment, and 4.5 feet (1.5 feet plus an additional 3 feet of freeboard) for 
the remaining sections.  The total cost for construction, including 
reconstruction-in-place repairs, was estimated to be $6.1 million. 
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Figure D-21.  Butte City Levees Approach 
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Mendota 
Mendota is a city in Fresno County located 8.5 miles south-southeast of 
Firebaugh and about one mile west of Fresno Slough. FLO-2D hydraulic 
modeling results overlaid on an aerial photograph of Mendota showed that 
water depth during a simulated 1 percent AEP flood would range from 0 to 
10 feet. 

The conceptual design for Mendota would provide a ring levee system.  
It would involve constructing a new levee on the west, east, and south, and 
replacing a portion of an existing levee along the canal on the north of the 
city with new levees. The new levees would have 12-foot crowns, with an 
average height of 4.5 feet for the new levees, spanning approximately 
6.5 miles in total. This option would provide protection to an area beyond 
the city limits (see Figure D-22). The new levee cost was assessed using 
the developed methodology. The total capital cost for Mendota was 
estimated to be $12.7 million. 
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Figure D-22.  Mendota Levees Approach 
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Communities Not Assessed 
The communities in this section have been identified by FEMA as being in 
the 1 percent AEP floodplain. However, the FLO-2D hydraulic data 
overlaid on the aerial photography did not show 1 percent AEP inundation, 
and either partial or no data in the NULE GARs (DWR, 2010) were 
available. Because of the lack of input data, the following communities 
were not assessed: Palermo, Princeton, Bethel Island, Verona, Thornton, 
Chester, Los Molinos, Rio Vista, Tranquility, and Gerber-Las Flores. The 
community of Palermo is a special case because it will be assessed as a part 
of Oroville in Group B. 

Group C Communities 

This section describes the conceptual design and cost estimate for each 
Group C community. The following is a list of the communities covered in 
this section: 

• Dos Palos/South Dos Palos 

• Biggs 

• Upper Lake 

• Byron 

• Knightsen 

Dos Palos/South Dos Palos 
Dos Palos is a city in Merced County located 23 miles south-southwest of 
Merced. South Dos Palos is a Census-Designated Place (CDP) in Merced 
County located two miles southwest of Dos Palos. Because these 
communities are in such close proximity to each other, they were assessed 
as one area. FLO-2D hydraulic modeling results overlaid on an aerial 
photograph of Dos Palos/South Dos Palos showed no inundation during a 
simulated 1 percent AEP flood (Figure D-24). 

Because no inundation was shown, constructing a new levee was not an 
option. Therefore, the conceptual design would be a reconstruction-in-place 
alternative repairing all of Levee Segments 5028 and 5029, as described in 
the NULE GAR (DWR 2010). This option would provide protection to an 
area beyond the city (Figure D-24). The least-cost alternative, as shown in 
the RACER (DWR 2011), was used for each segment, giving a total capital 
cost estimate of $2.4 million. This cost does not include expenses 
associated with levee raises, which were not assessed at this time because 
data from the UNET model are pending. 
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Figure D-24.  Dos Palos Levees Approach 
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Biggs 
Biggs is a city in Butte County about one mile west of State Route 99 and 
three miles north of Gridley. FLO-2D hydraulic modeling results overlaid 
on an aerial photograph of Biggs showed no inundation during a simulated 
1 percent AEP flood. 

Because no inundation was shown, constructing a new levee was not an 
option. A reconstruction-in-place alternative repairing the entire Levee 
Segment 110, as described in NULE GAR (DWR 2010), was then 
considered. However, Segment 110 was categorized as low for all levee 
condition categories, meaning no repairs were recommended and no 
remediation costs were identified. 

Upper Lake 
Upper Lake is an unincorporated community situated between the left bank 
of Middle Creek and the left bank of Alley Creek in Lake County.  FLO-
2D hydraulic modeling results overlaid on aerial photograph of Upper Lake 
did not show flooding from a simulated 1 percent AEP flood, although 
Upper Lake is identified by FEMA as being in a 1 percent AEP floodplain.  
GAR (DWR 2010) and RACER (DWR 2011) information was reviewed 
for the type and cost of remediation necessary to repair the existing levees 
adjacent to Upper Lake.  After analyzing the available data, it was 
determined that reconstruction-in-place repairs along the entire lengths of 
the left bank levee of Middle Creek and the left bank levee of Alley Creek 
adjacent to Upper Lake would address flooding potential until more data 
become available. 

The recommended repairs along the left bank of Middle Creek and the left 
bank of Alley Creek include only remediation for freeboard and geometry.  
Given that FLO-2D hydraulic modeling results were unable to confirm 
areas of inundation, the least-cost alternatives were selected to repair the 
entire length of both levee segments (Figure D-25).  The cost to repair the 
left bank of Middle Creek (Reaches 1 and 2), identified in the GAR as 
Segment 81, was estimated to be $8.3 million.  The cost to repair the left 
bank of Alley Creek, identified in the GAR as Segment 267, was estimated 
to be $2.8 million.  Therefore, the total cost to remediate the entire length 
of each segment was estimated to be $11.1 million.  Although the cost to 
restore freeboard along Segment 100 to 1957 design elevations was applied 
to the current cost estimate, more data are needed to determine if both 
Segment 81 and Segment 267 have the minimum 3 feet of freeboard for a 1 
percent AEP level of protection.  Additional costs to increase the crown 
elevation and the overall size of the levee prism may apply. 
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Figure D-25.  Upper Lake Levees Approach 
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Communities Not Assessed 
The communities in this section have been identified by FEMA as being in 
the 1 percent AEP floodplain. However, the FLO-2D hydraulic data 
overlaid on the aerial photography did not show 1 percent AEP inundation, 
and either partial or no data in the NULE GARs (DWR 2010) were 
available. Due to the lack of input data, the communities of Byron and 
Knightsen were not assessed. 
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Acronyms and Abbreviatons 
AACE ........................ Association for the Advancement of Cost 

Engineering 

AF ............................. acre-feet 

Annual Report ........... Local Agency Annual Report 

Board ........................ Central Valley Flood Protection Board 

CDP .......................... Census-Designated Places 

CFR ........................... Code of Federal Regulations 

cfs ............................. cubic feet per second 

CVFPP ...................... Central Valley Flood Protection Plan 

Delta .......................... Sacramento-San Joaquin Delta 

DWR ......................... California Department of Water Resources 

FCSSR ...................... Flood Control System Status Report 

GAR .......................... Geotechnical Assessment Reports 

NULE ........................ Non-urban Levee Evaluations 

O&M .......................... operations and maintenance 

PCE ........................... Parametric Cost Estimation 

PCET ........................ Parametric Cost Estimating Tool 

RACER ..................... Remedial Alternatives and Cost Estimate Report 

RD ............................. Reclamation District 

SPFC ........................ State Plan of Flood Control 

TRLIA ........................ Three Rivers Levee Improvement Authority 

ULDC ........................ Urban Levee Design Criteria 

ULE ........................... Urban Levee Evaluations 
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Flood Corridor Expansion 
This appendix documents conceptual design and cost estimates for flood 
corridor expansion features, including levee setbacks. 

Background 

The CVFPP goals include the primary goal of Improving Flood Risk 
Management.  Widening sections of the Sacramento and San Joaquin rivers 
by setting levees back from their existing locations would appear to create 
additional capacity during floods.  However, hydraulic modeling of 
widened river channels has shown little systemwide hydraulic benefit.  This 
is because flooding potential under the larger hydrologic events is still 
possible if channel capacity upstream and downstream from the widened 
section remains constricted, thus creating flood stage levels high enough to 
threaten existing levee integrity.  The limited hydraulic impact of levee 
setbacks illustrates the need for systemwide analysis when addressing flood 
risk.  However, setback levees can be applied to a comprehensive strategy 
and even provide benefits outside direct flood stage reduction. 

The CVFPP goals also include the following supporting goals: 

• Improve Operations and Maintenance 

• Promote Ecosystem Functions 

• Improve Institutional Support 

• Promote Multi-Benefit Projects 
Levee setback opportunities that do not create significant additional flow 
capacity can still provide benefits to many of the CVFPP supporting goals. 

Promote Ecosystem Functions 
If setbacks are created in areas with strong potential for frequent high water 
inundation, those areas may create improved riparian habitat for many 
species. 
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Improve Operations and Maintenance 
A primary cost element in levee maintenance is the repair of erosion areas 
after high flow events.  In other words, the more often a levee is used to 
contain high flow events, the more likely it is to lose material and its 
preferred geometry.  Levees that are frequently challenged by high flow 
events and are left unmaintained or unrepaired for erosion issues have a 
higher probability of a structural failure.  Setting back levees in such areas 
can reduce the average flow cycles of wetting and erosion, thereby 
reducing the long-term erosion repair costs.  

The simplest reduction in Operations and Maintenance (O&M) effort and 
costs comes from the reduction of levee length.  Levees that are set back 
and no longer follow the historical meander of the river can be 
straightened, thus shortening the length of the levee asset.  The river 
channel would be allowed to meander within the levee boundaries, but the 
setback levees would not constrain the river’s path in a direct way for lower 
flow. 

Promote Multi-Benefit Projects 
Setback levees created in the right areas can reconnect a river system to 
historical floodplain areas, oxbow lakes and ponds, as well as native tree 
groves.  In the future, these areas can be developed into habitat restoration 
areas or used to foster recreation opportunities. 

Improve Institutional Support 
As setback levee locations are identified, and modern levees are built to 
replace older levees, flood risk management improves because of the 
greater structural reliability of levees built to current standards.  In this 
way, setback levees can gain additional local support.  Additional support 
can be obtained for improved flood risk management based on the natural 
synergy between levee setback projects and nongovernment organizations 
(NGO) advocating plant and wildlife restoration.  Also, recent projects 
have been able to demonstrate additional financial benefits from new or 
preserved wildlife habitats created by levee setbacks.  Projects that may 
have previously had participation only from a local agency or government 
entities such as DWR or USACE now have participation from the 
California Department of Fish and Game (DFG) and the U.S. Fish and 
Wildlife Service (USFWS). 

Additional stakeholder and institutional support increases a project’s 
potential for success.  As projects are increasingly assessed for not only 
their economic benefits, but also for their social and environmental 
benefits, additional institutional support becomes helpful, and in some 
cases, necessary for project completion. 
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Conceptual Design Approach 

As part of the CVFPP, hydrologic and hydraulic analyses were combined 
with detailed topographic information from Light Detection and Ranging 
(LiDAR) data to identify areas adjacent to existing levees in the 
Sacramento and San Joaquin river watersheds that were likely to inundate 
with spring wet-weather river flow in 1.5-year and two-year recurrence 
intervals. 

A map demonstrating this inundation potential modeling is shown in 
Figure E-1. 
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Figure E-1.  Generalized Map of 1.5-Year and 2-Year Spring Flow Floodplain Inundation 
Potential – Sacramento River 
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Floodplain Restoration Opportunities Analysis 
Ecosystem restoration is a key component of the CVFPP, and management 
actions related to habitat restoration have been drafted as part of the 
CVFPP planning process. Further refinement of these management actions 
will be formed by an understanding of habitat restoration opportunities, in 
terms of the location, acreage, and expected ecosystem benefits of each 
management action, that are possible within the context of the SPFC.  
Specifically, identifying suitable setback area locations, defining the extent 
of the work, and developing a preliminary cost can advance the habitat 
restoration component of the CVFPP. 

The basis for a preliminary assessment of setback levee locations was 
output of the floodplain restoration opportunities analysis (FROA).  
Attachment 2: Conservation Framework and its supporting documentation 
contain detailed descriptions of the ecosystem restoration opportunities 
analysis.  Figure E-2 shows the conceptual intent of setback levees for 
restoration opportunities and the hydraulic connectivity that can be 
achieved seasonally. 

 
Figure E-2. Hypothetical Cross Section with Boundary Water 
Surfaces of Floodplain Inundation Potential Categories 

Results of the FROA support identification, prioritization, and further 
development of specific restoration opportunities. Opportunities are 
identified and prioritized on the basis of their potential ecological, flood 
management, and other benefits (e.g., reduced maintenance and regulatory 
compliance costs); cost; and regulatory, institutional, technological, and 
operational feasibility. 

The cost component of the restoration opportunities should come from 
some level of specific analysis of restoration potential and conceptual 
design of the setback levees themselves.  In this way, specific project 
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impacts and quantities can be estimated, and accepted cost principles 
applied. 

Using the Flood Inundation Potential (FIP) maps, setback levees were 
located to follow existing contours and avoid removing and replacing 
major infrastructure such as roads, canals, bridges, and residential and 
agricultural/industrial developments.  Preliminary locations estimated for 
levee setbacks are shown in Figures E-3 and E-4. 
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Figure E-3.  Setback Levee Project Locations, Sacramento River 
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Figure E-4.  Map Setback Levee Project Locations, San Joaquin River 
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Specific conceptual levee setback opportunities are shown in the following 
figures.  The length of the new levees, removal of existing levees, and area 
of land created by these conceptual setback levee projects formed the basis 
and provide the quantities for the cost estimates. 

Costs Basis and Development 

Costs were generated for setback levees parametrically.  Unit costs were 
developed based on land type and levee function from other representative 
studies and construction projects for setback levees.  Table E-1 lists cost 
development assumptions. 

Table E-1.  Cost Assumptions for Setback Levees 
Element Cost or Percentage 

Environmental, Permitting, Engineering,  
and Feasibility 25% 

ROW Cost $22,000 per acre 
New Setback Levee Cost $20 – $25 million/mile 
Levee Removal Cost $5 – $10 million/mile 
Fix-in-Place Levee Cost $15 – $20 million/mile 
Key: 
ROW = right-of-way 

Setback projects and data are listed in Table E-2.  Four conceptual setback 
levee projects were identified in the Sacramento River, and five conceptual 
setback levee projects were identified in the San Joaquin River. 
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Table E-2.  Conceptual Setback Projects and Quantities 

Project Basin Region 
New Levee 

Length 
(miles) 

Removed 
Levee Length 

(miles) 

Fix-in-Place 
Levee Length 

(miles) 

Restored 
Area 

(acres) 

FTR1 Sacramento Feather 5.6 8.4 9.3 4,000 

MSAC1 Sacramento Mid-Sac 4.3 5.7 4.3 1,000 

MSAC2 Sacramento Mid-Sac 8.4 15.2 5.2 3,000 

MSAC3 Sacramento Mid-Sac 7.8 10.7 6.2 2,000 

LSJ1 San Joaquin Lower SJ 5.6 12.8 7.7 3,000 

LSJ2 San Joaquin Lower SJ 5.6 8.4 9.3 2,000 

MSJ1 San Joaquin Middle SJ 10.6 11.6 2.5 4,000 

USJ1 San Joaquin Upper SJ 7.1 8.5 2.6 2,000 

USJ2 San Joaquin Upper SJ 10.4 11.3 12.5 5,000 

Totals 65.4 92.6 59.4 26,000 

Key: 
Sac = Sacramento 
SJ = San Joaquin 

The conceptual setback projects would create 26,000 acres of potential 
riparian habitat.  The habitat created may bring additional institutional 
support and financial benefits to the CVFPP.  Setback projects would also 
reduce monitored and maintained levee length by 27 miles.  This would 
save a significant amount of money in annual maintenance. 

If these projects were to move forward toward implementation, they would 
require a feasibility analysis of alternatives. The analysis would need to 
further assess the impacts to existing agricultural uses, local infrastructure, 
and river and levee access.  Additional detail for the conceptual setback 
levee approach is shown for each project in Figures E-5 through E-13. 

The high and low range of conceptual construction costs are listed in 
Table E-3.  The nine projects would cost between $3.2 billion and $4.5 
billion to construct.  This cost does not include long-term maintenance and 
restoration costs (tree, shrub, grass plantings, temporary irrigation) for the 
restoration acreage. 
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Table E-3.  Summary of Setback Levee Costs 

Project Total Construction Cost 
(low) 

Total Construction Cost 
(high) 

FTR1  $381,408,500   $519,854,050  

MSAC1  $201,276,950   $294,718,650  

MSAC2  $386,807,260   $552,329,180  

MSAC3  $345,190,150   $490,166,950  

LSJ1  $356,844,340   $509,253,520  

LSJ2  $337,408,500   $475,854,050  

MSJ1  $395,038,150   $540,414,650  

USJ1  $268,030,710   $381,322,830  

USJ2  $562,191,900   $755,309,700  

Totals $3,234,196,460 $4,519,223,580 
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Figure E-5.  MSAC1 Conceptual Setback Area, Sacramento River 
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Figure E-6.  MSAC2 Conceptual Setback Area, Sacramento River 
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Figure E-7.  MSAC3 Conceptual Setback Area, Sacramento River 
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Figure E-8.  FTR1 Conceptual Setback Area, Feather River 
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Figure E-9. LSJ1 & LSJ2 Conceptual Setback Area, San Joaquin River 
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Figure E-10.  MSJ1 Conceptual Setback Area, San Joaquin River 
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Figure E-11.  USJ1 Conceptual Setback Area, San Joaquin River 
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Figure E-12.  USJ2 Conceptual Setback Area, San Joaquin River 
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Acronyms and Abbreviations 
AACE ........................ Association for the Advancement of Cost 

Engineering 

AF ............................. acre-feet 

Annual Report ........... Local Agency Annual Report 

Board ........................ Central Valley Flood Protection Board 

CDP .......................... Census-Designated Place 

CFR ........................... Code of Federal Regulations 

cfs ............................. cubic foot per second 

CVFPP ...................... Central Valley Flood Protection Plan 

Delta .......................... Sacramento-San Joaquin Delta 

DWR ......................... California Department of Water Resources 

FCSSR ...................... Flood Control System Status Report 

GAR .......................... Geotechnical Assessment Report 

FROA ........................ Floodplain Restoration Opportunities Analysis 

NULE ........................ Non-urban Levee Evaluations 

O&M .......................... operations and maintenance 

PCE ........................... Parametric Cost Estimation 

PCET ........................ Parametric Cost Estimating Tool 

RACER ..................... Remedial Alternatives and Cost Estimate Report 

RD ............................. Reclamation District 

SPFC ........................ State Plan of Flood Control 

TRLIA ........................ Three Rivers Levee Improvement Authority 

ULDC ........................ Urban Levee Design Criteria 

ULE ........................... Urban Levee Evaluations 

USACE ...................... U.S. Army Corps of Engineers 
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Executive Order S-13-08 
Tasks State agencies with 
developing California’s first strategy 
to identify and prepare for expected 
climate impacts. 

1.0 Introduction 
This section provides the purpose of this attachment, background 
information (including planning areas and goals), an overview of potential 
climate change effects on the Central Valley flood management system, 
and report organization. 

1.1 Purpose of this Attachment 

The State of California’s (State) climate is dynamic. Traditionally, flood 
management agencies have used past experience and historical climate 
records to make decisions and develop investment strategies.  Advances in 
climate science over the past decade have produced several new techniques 
that can allow flood management issues to be considered using future 
projections of climate. Climate change already affects California, and the 
potential future consequences of climate change are significant (Resources 
Agency, 2009). Therefore, California recognizes that the time to act is now. 
In response to the need for action, State legislation requires consideration 
of climate change conditions in plan development. According to Senate Bill 
5 (Statutes of 2008), the Central Valley Flood Protection Plan (CVFPP) 
should include the following: 

A description of the probable impacts of projected climate change, 
projected land use patterns, and other potential flood management 
challenges on the ability of the system to provide adequate levels of 
flood protection (California Water Code Section 9614). 

Potential impacts could result from changing location and timing of 
precipitation, sea level rise, increased temperatures, and extreme weather 
events.  Similarly, the California Department of Water 
Resources (DWR) is currently assessing the likely extent 
of climate change over the foreseeable future and the 
potential changes to regional and statewide water 
resources conditions consistent with Executive Order S-
13-08 and related State policies.  CVFPP development is 
in coordination with other ongoing projects and programs. 

This report documents an assessment of probable impacts of projected 
climate change on the ability of the flood management system to provide 
adequate levels of flood protection. It includes a description of potential 
climate change effects on flood management, a discussion of the unique 
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Climate Change Threshold Analysis Approach, and presents the results of a 
pilot study demonstrating the Climate Change Threshold Analysis 
Approach. 

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, DWR has prepared a sustainable, integrated flood 
management plan called the CVFPP, for adoption by the Central Valley 
Flood Protection Board (Board).  The 2012 CVFPP provides a systemwide 
approach to protecting lands currently protected from flooding by existing 
facilities of the State Plan of Flood Control (SPFC), and will be updated 
every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta). 

1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

• Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 

The Climate Change Threshold Analysis Approach developed for the 
CVFPP is applicable throughout the Systemwide Planning Area. However, 
for the 2012 CVFPP, a pilot study demonstrating the Climate Change 
Threshold Analysis Approach focused on the Yuba-Feather river system. 

1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals: 

- Improve Operations and Maintenance 

- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 

Understanding how a changing climate may affect the flood management 
system is an important requirement for improving flood risk management 
in the Systemwide Planning Area. 

1.5 2012 CVFPP Planning Approaches 

In addition to No Project, three fundamentally different approaches to 
flood management were initially compared to explore potential 
improvements in the Central Valley.  These approaches are not alternatives; 
rather, they bracket a range of potential actions and help explore trade-offs 
in costs, benefits, and other factors important in decision making.  The 
approaches are as follows: 
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• Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

• Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 

Comparing these approaches helped identify the advantages and 
disadvantages of different combinations of management actions, and 
demonstrated opportunities to address the CVFPP goals to different 
degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 
developed that encompasses aspects of each of the approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

 
Figure 1-2.  Formulation Process for State Systemwide Investment Approach 
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1.6 Climate Change and Flood Management 

Three major categories of potential climate change effects are related to 
flood management; these include changes in precipitation and runoff 
patterns, sea level rise, and economic development.  The first two 
categories of change relate to the chance of flooding, and the third category 
of change relates to consequences of flooding. 

1.6.1 Change in Precipitation and Runoff Patterns 
Historically, about 15 million acre-feet of runoff in California (with about 
14 million acre-feet estimated in the Central Valley) originated from 
snowpack that accumulated in winter and melted gradually from April 
through July (DWR, 2008). About two-thirds of the runoff in the Central 
Valley originated in the Sacramento Valley (DWR, 2006).  California’s 
water storage and conveyance infrastructure gathers this melting snow in 
the spring and delivers it for use during the drier summer and fall months. 

Increased temperatures may alter precipitation and runoff patterns, such as 
a rise in snow-line elevations, earlier snowmelt occurrence, more 
precipitation falling as rain instead of snow, and reductions in the volume 
of overall snowpack.  Knowles and Cayan (2002) found that the 
combination of warmer storms and earlier snowmelt may cause April 
watershed total snow accumulation to drop by 5 percent of present levels 
by 2030, 36 percent by 2060, and 52 percent by 2090. Already, a greater 
proportion of annual runoff has been occurring earlier in a water year 
(Knowles et al., 2006).  The combination of earlier snowmelt and shifts 
from snowfall to rainfall seem likely to increase flood peak flows and flood 
volumes (Miller et al., 2003; Fissekis, 2008; Dettinger et al., 2009), which 
is likely to affect associated flood risk.  Higher snow lines could increase 
flood risk because more watershed area contributes to direct runoff.  From 
an O&M viewpoint, these higher snow lines could increase erosion rates 
that would result in greater sediment loads and turbidity, altering channel 
shapes and depths, and possibly increasing sedimentation behind dams and 
affecting habitat and water quality (DWR, 2008). 

Just as climate change is expected to change the magnitude and frequency 
of flooding, the same is expected of forest fires because of drier warm-
season fuel conditions. For 70 years, the 220,000-acre Matilija fire of 1932 
stood as California’s largest wildfire. It has been surpassed twice in the past 
6 years. Of the 10 largest California wildfires since 1932, 7 have occurred 
since 2003. Increased frequency and severity of wildfires (Resources 
Agency, 2009) reduces the availability of vegetation that absorbs runoff, 
which results in further increased runoff, erosion, and sedimentation. 
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For reservoirs downstream from significant mountain snowpack, the 
resulting temporal shift in reservoir inflows could pose major challenges 
for managing flood storage capacity and water supply, particularly if 
reservoir operations are not modified to accommodate the new conditions 
(DWR, 2006; Medellin-Azuara et al., 2008; Fissekis, 2008).  Flood control 
space requirements are generally specified using reservoir rule curves as a 
function of accumulated snowpack forecasts, measured rainfall, and the 
seasonality of precipitation. Existing rule curves for major flood control 
reservoirs were mostly based on characterization of local watershed 
hydrology while a dam was under construction. For example, Lake 
Oroville, the only major flood control reservoir in the SPFC, requires a 
seasonal flood control storage range of 375 to 750 thousand acre-feet based 
on soil moisture conditions (see Figure 1-3) (USACE, 1970).  Changes in 
precipitation form (snow versus rain) associated with temporal shifts in 
runoff, and potential increases in flood frequencies and magnitudes, are 
likely to require reevaluation of existing operational rules developed based 
on previously accepted historical conditions. 

 

 
Source: USACE 1970 
Figure 1-3.  Lake Oroville Seasonal Flood Control Space Requirement 

Figure 1-4 shows 3-day peak flows of American River runoff in the past 
century (DWR, 2008).  Five events with 3-day peak flows greater than 
100,000 cubic feet per second (cfs) have been observed since 1950.  These 
high peak flow volumes have resulted in a recharacterization of the level of 
flood protection offered by Folsom Dam, which was designed in the 1940s 
(DWR, 2008). 
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Source: DWR 2008 (with top five annual maximum 3-day flows highlighted) 
Figure 1-4.  American River Runoff, Annual Maximum 3-Day Flow 

Sea Level Rise 
Increasing temperature also results in sea level rise due to the melting of 
land-based glaciers, snowfields, and ice sheets, along with thermal 
expansion of the ocean as the surface layer warms (DWR, 2008).  In the 
last century, sea level has risen about 20 centimeters (cm) (7 inches) along 
California’s coast (DWR, 2008).  Recent studies suggest that since 1990, 
the global sea level has been rising at a rate of approximately 3.5 
millimeters per year (mm/year) (0.14 inches per year (inches/yr)) 
(CALFED, 2007). Continuation or acceleration of this sea level rise, in 
combination with changes in precipitation and runoff patterns, would 
significantly augment flood problems in the Central Valley (Knox, 1993; 
Florsheim and Dettinger, 2007). 

Sea level rise is likely to produce more frequent and potentially more 
damaging floods, increasing risks for those already at risk, and increasing 
the size of the coastal floodplain, placing new areas at risk (CEC, 2009a). 
Increased risk of storm surge and flooding is expected to increase risks for 
California’s coastal residents and infrastructure, including wastewater 
treatment plants (DWR, 2008). 

In the Systemwide Planning Area, sea level rise impacts would be most 
significant for the Delta, where a rise in sea level would increase 
hydrostatic pressure on levees currently protecting low-lying land, much of 
which is already below sea level. These effects threaten to cause potentially 
catastrophic levee failures that could inundate communities, damage 
infrastructure, and interrupt water supplies throughout the State (Hanak and 
Lund, 2008). Roos (2005) found that a 1-foot rise in sea level could 
increase the frequency of the 100-year peak high tide to a 10-year event in 
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the western Delta at Antioch.  The resulting higher tides, in combination 
with increases in storm intensity and flood volumes, would likely aggravate 
existing flood problems in upstream areas along the Sacramento and San 
Joaquin rivers. 

Although it is generally accepted that sea levels will continue to rise on a 
global scale, the exact rate of rise remains unknown. Recent peer-reviewed 
studies estimate a rise of between 0.6 and 4.6 feet by 2100 along 
California’s coast (DWR, 2008). Another set of projections, shown in 
Figure 1-5 based on 12 future climate scenarios selected by the California 
Climate Action Team (CAT), indicates a 1.8- to 3.1-foot rise in sea level by 
2100. In addition to the CAT projections, even historical trends in sea level 
rise would indicate an approximately 1-foot increase in San Francisco Bay 
(CEC, 2009b). A California Energy Commission (CEC) report prepared by 
The Pacific Institute on sea level rise along the California coast estimated 
that a 5.6-foot sea level rise would put 480,000 more people at risk of a 1-
percent annual exceedence probability (AEP) flood event, given the 
existing population (CEC, 2009a). One additional set of projections, 
developed for the State of California by the Ocean Protection Council1 
(OPC), indicates a 3.3- to 4.6-foot rise in sea level by 2100 (OPC, 2010). 

  

                                                           
1 OPC used IPCC emissions scenarios and GCMS to develop these projections. 
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Source: CEC 2009b 
Figure 1-5.  Sea level Rise Projections Based on Air Temperatures from 12 Future 
Climate Scenarios 

Economic Activities 
California has 76,000 farms and 26.3 million acres in production, making 
agriculture an important component to the State’s economy. Much of 
California’s $36 billion agricultural industry is concentrated in the Central 
Valley (CDFA, 2009). More frequent and larger flood events are likely to 
damage structures, threaten livestock, contaminate croplands, cause 
increased erosion and sedimentation, take croplands out of production for 
extended periods as fields dry and recover, threaten levees that protect 
cropland and, in conjunction with sea level rise, increase farmland 
vulnerability in coastal areas and the Delta.  Notably, despite decades of 
construction of flood management structures and levees in the Central 
Valley and its tributaries, levees continue to fail under existing flood 
conditions (Florsheim and Dettinger, 2007; Florsheim and Dettinger, 
2005). 

Currently, there is a trend toward converting annual crops to perennial 
crops with higher economic value. Because it takes longer for perennial 
crops to recover from flood damage, potential increased flooding resulting 
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from climate change would likely have even greater economic impacts on 
the agricultural industry. 

The Central Valley is also under pressure to urbanize, yet future floods 
could be of a greater volume and intensity under climate change. Much is 
at stake because California has $4 trillion in real estate assets, of which 
$2.5 trillion are exposed to potential climate change effects (Kahrl and 
Roland-Holst, 2008). Increasing populations in high-risk areas means more 
flood damage can occur and additional flood protection is required. 
Increasing costs of providing greater flood protection hinder local 
economic development by constraining growth and limiting money 
available for other community needs. 

1.6.2 Related Effects on Other Aspects of Water 
Resources Management 

Climate change is also likely to impact water supply and ecosystem 
management in ways that affect flood management. 

Water Supply 
California’s current major water systems are designed and operated to store 
water and regulate floodflows in winter and early spring and supply water 
in late spring, summer, and fall. Water supplies are provided to serve 
statewide demands for municipal and industrial (M&I), agricultural, and 
environmental water.  More than 20 million (of about 37 million) 
Californians rely partially on two large water projects: the State Water 
Project (SWP) and federal Central Valley Project (CVP).  The effects of 
climate change on SWP and CVP operations are expected to include 
changes in reservoir inflows, delivery reliability, and annual average 
carryover storage (DWR, 2006).  In particular, higher snow elevation, early 
snowmelt, more precipitation as rainfall instead of snow, and reductions in 
overall snowpack are likely to contribute to reductions in water supply 
reliability.  Accommodating higher flood volumes may require more flood 
storage in the winter and early spring, making it more difficult to refill 
reservoirs during the traditional April-through-July snowmelt runoff 
period. 

In addition to overall changes in water volumes, water supplies will likely 
be affected by changes in water quality as a result of climate change. For 
example, higher temperatures are likely to increase the rates of chemical 
reactions in water generally, increasing biological oxygen demand through 
algal growth and decay. Broader areas of watersheds receiving rain rather 
than snow may see an increase in erosion and thus downstream turbidity 
and sediment transports. M&I water supply may also be compromised 
because water treatment processes are affected by water temperature, 
although this may not be a significant problem, as demonstrated by the 
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ability of many other communities around the world to adapt treatment 
processes to higher temperatures (Hanak and Lund, 2008). 

Sea level rise is likely to increase seawater intrusion into the Delta, which, 
by increasing salinity, will further degrade water quality for those who use 
Delta water (DWR, 2006). More freshwater releases from upstream 
reservoirs could be required to maintain compliance with existing Delta 
water quality standards, resulting in further stress to available water 
supplies in upstream reservoirs. 

In an average year, groundwater meets about 30 percent of California’s 
applied urban and agricultural water demands, and this can increase to 
more than 60 percent during drought years (DWR, 2003). This important 
component of the State’s water supply is likely to be affected by climate 
change because of reduced ability to replenish groundwater, increasing 
demand, and expanding areas of saltwater intrusion in coastal aquifers 
(CEC, 2008). 

Aquatic species are likely to be affected by an increase in water 
temperatures throughout the system, including inflows into reservoirs, 
water stored within reservoirs, and water flowing downstream.  The rising 
water temperature in river stretches serving as aquatic habitats would 
increase the demand for temperature management, using already limited 
cold-water reserve in major reservoirs, creating additional competing needs 
of limited stored water. 

Ecosystem Management 
While ecosystems have always naturally changed over time, ecosystem 
effects of climate change are likely to be exacerbated by the dramatic loss 
of natural areas experienced in the last 50 years (CEC, 2009c) and by the 
relatively rapid rate at which climate change and other stresses are 
advancing. The abundance, production, distribution, and quality of 
ecosystems throughout California are likely to be dramatically affected 
during this century by a combination of climate-change-associated 
disturbances (e.g., flooding, drought, wildfire, insects, ocean acidification) 
and other global change drivers (e.g., land use change, pollution, 
fragmentation of natural systems, overexploitation of resources) (IPCC, 
2007a).  Most vulnerable to climate change are endangered and threatened 
species, plants and animals living within confined geographic ranges with 
limited abilities to move rapidly, and species migrating to new areas where 
they meet increased competition for habitat or food (IPCC, 2007a). 

Climate change effects on ecosystem land management include both the 
geographic loss of habitat and the loss of habitat connectivity.  Sea level 
rise is expected to cause increased seawater intrusion into California's 
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coastal marshes and estuaries.  Increased intrusion will likely disrupt marsh 
and estuary ecosystems, especially at the higher projections of sea level 
rise. The loss of natural areas in turn reduces opportunities to use 
ecological systems and functions within flood management systems. 

Higher water temperatures resulting from climate change are likely to 
negatively impact aquatic and terrestrial resources.  Warmer temperatures 
can compromise the health and resilience of existing aquatic and terrestrial 
species and, thus, make it more challenging for them to compete with 
nonnative species for survival.  Of specific concern to Central Valley 
aquatic habitats, Chinook salmon and steelhead prefer temperatures of less 
than  64.4 to 68 degrees Fahrenheit (°F) (18 to 20 degrees Celsius (°C)) in 
mountain streams, although these anadromous fish may tolerate higher 
temperatures for short periods (Bennett, 2005).  Increased water 
temperatures could reduce the habitat suitability of California rivers for 
these species.  Impacts on terrestrial ecosystems have also been observed in 
North America, including changes in the timing and length of growing 
seasons, timing of species life cycles, primary production, and species 
distributions and diversity (CEC, 2009c). 

Competition for habitat and food will intensify with climate change. For 
example, climate change is expected to decrease suitable summer habitat of 
delta smelt, a federally listed endangered species, because waters in the 
lower Delta may be too saline and lack food, and freshwater in the upper 
Delta may be too warm.  Climate change could combine with nonclimate 
stressors, such as land use changes, wildfire, and agriculture and cause 
habitat fragmentation at increasing rates, thus contributing to species 
extinction (USFWS, 2009). 

1.7 Report Organization 

Organization of this document is as follows: 

• Section 1 introduces and describes the purpose of this report and 
provides background on climate change and flood management. 

• Section 2 summarizes results and findings for the Climate Change 
Threshold Analysis Approach. 

• Section 3 describes methodology and results for the Threshold Analysis 
Approach Pilot Study. 

• Section 4 contains references for the sources cited in this report. 
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• Section 5 lists abbreviations and acronyms used in this report. 

• Appendix A contains supplemental pilot study figures. 
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2.0 Methodology 
The CVFPP has a unique approach to climate change, developed through 
extensive engagement with the public and the scientific research 
community. As part of development of the CVFPP, two topic work groups 
addressing climate change developed, recommended, and described a 
unique approach for analyzing climate change in the context of flood 
management. 

A Climate Change Scope Definition Work Group (CCSDWG) was formed 
in the first phase of the CVFPP planning process to provide 
recommendations to DWR on the scope of climate change considerations 
to be addressed in the 2012 CVFPP and subsequent updates. (Topic-
specific work groups are used in CVFPP development to develop 
recommended contents for inclusion considerations (DWR, 2009a)). 
Outcomes from the CCSDWG are summarized in a CCSDWG summary 
report (DWR, 2009b) that presents the following: 

• Key aspects of climate change that may affect flood management 

• Existing problems and expected future challenges within the CVFPP 
project area related to climate change 

• Checklist of climate change considerations for the CVFPP 

• Summary of related climate change projects and programs 

• Climate change references for the CVFPP 

Input from the CCSDWG for the first two items above is incorporated into 
Section 1.5 of this report. Work group input for the third item was 
instrumental in guiding subsequent development of the CVFPP climate 
change approach.  Input on projects and programs is incorporated into 
overall coordination efforts, and references are contained in a master 
compilation for the CVFPP reference library. 

The CCSDWG proposed a unique approach for incorporating 
considerations of climate change into the CVFPP planning process. A 
subsequent Climate Change Threshold Analysis Work Group (CCTAWG) 
further identified the need for a unique approach and developed the 
framework for the Climate Change Threshold Analysis Approach. 
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Climate change 
impacts to extreme 
events, such as 
flooding and droughts, 
will result not from 
changes in averages, 
but from changes in 
local extremes. 

2.1 Considerations in Methodology Design 

This section describes the need for a unique climate change analysis 
approach and outlines the overall methodology for the CVFPP climate 
change analysis. 

2.1.1 Need for a Unique Approach 
For any planning project or program, the methodology, tools, and data 
should align with the purpose(s) of the study, intended decision making, 
and information available to inform the decision. 

Climate change impacts and considerations have been incorporated into 
many recent and ongoing California resources planning studies, using 

various methods. Much of the current analysis of climate and water 
impacts considers how changes in various mean conditions (e.g., 
mean temperatures, average precipitation patterns, mean sea level) 
will affect water resources, water supply in particular. Although 
many water resource factors are affected by such average conditions, 
some of the most important impacts, including flooding, will result 
not from changes in averages, but from changes in local extremes 
(DWR, 2006).  Because of the focuses of other ongoing studies, the 
resulting methodology, resolution, data, and results of these studies 
are not directly relevant to flooding risk assessment and flood 

management. 

CVFPP will be the first major policy-level study with broad applications 
that addresses climate change for flood management in California.  Flood 
management requires consideration of extreme precipitation and runoff 
events. An extreme weather event is defined by the Intergovernmental 
Panel on Climate Change (IPCC) as an “event that is rare at a particular 
place and time of year,” where rare is defined as having a magnitude below 
10 percent or above 90 percent of observations (Ray et al., 2008).These 
extremes are difficult to project for the future because climate projections 
from global climate models (GCM) have difficulty representing regional- 
and local-scale precipitation patterns and processes that drive extreme 
events. GCM climate projections also generally provide data at time-steps 
that are not useful for analysis of flooding.   In addition, the substantial 
influence of both human settlement patterns and water-management 
choices impact overall flood risk (DWR, 2005). 

Therefore, the approach needed for CVFPP development can be discussed 
in at least three aspects: (1) perspectives of climate change vulnerability 
assessment, (2) analytical focus for flood management, and (3) the 
decision-making process, with uncertainties.  These three aspects are 
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interrelated in designing the appropriate approach for CVFPP climate 
change considerations. 

Perspectives for Climate Change Vulnerability Analysis 
The purpose of climate change vulnerability analysis is to inform climate 
adaptation policy development.  Vulnerability analysis includes “top-
down” and “bottom-up” approaches.  Figure 2-1 shows the concept of these 
two approaches. 

 
Source: Dessai and Hulme, 2003 
Figure 2-1.  “Top-Down” and “Bottom-Up” Approaches Used to 
Inform Climate Adaptation Policy 

Most of the existing climate change impacts analysis uses a projection-
oriented “top-down” approach that considers a range of scenarios of world 
development. These scenarios include greenhouse gas emissions that serve 
as input to GCMs. GCM output serves as input to impact models (with or 
without inclusion of adaptive actions). Under this approach, analysis of the 
probability of certain impacts could largely depend on the ability of the 
GCMs to characterize that probability, which may be more subjective than 
the level of rigor required to support a risk-based analysis (Dessai and 
Hulme, 2003).  In flood management, risk-based analysis is often based on 
probabilities derived from event frequency documented in historical 
records. However, the extreme events and their corresponding climate 
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signals are the most uncertain elements of the climate change research.  As 
a result, additional consideration is necessary of an appropriate approach 
for a climate change vulnerability analysis in the context of flood 
management. 

Another approach, the “bottom-up” approach, has seen greater 
development and application in recent years.  The bottom-up approach 
reflects a focus on the underlying adaptive capacity of the system under 
study, emphasizing broader social impacts.  It is place-based and deals with 
specific resources of interest.  Flood managers could start with existing 
knowledge of the system and use evaluation tools to identify changes in 
climate that may be most threatening to long-term management goals and 
practices – critical system vulnerabilities.  GCM outputs are then used as a 
reference to assess the likelihood of such system-critical vulnerabilities 
(Ray et al, 2008; Dessai and Hulme, 2003).  This approach may ease 
concerns for policy makers who are hesitant to move forward with policy 
decisions while climate uncertainties remain. 

Analytical Focus for Flood Management 
Many climate change analyses, including ongoing studies by DWR for 
various California water planning and management purposes, are based on 
the most readily available climate change signals in GCMs, such as 
changes in temperature and precipitation.  Analytical time steps are often 
monthly for water supply and other resources management purposes.  As 
previously mentioned, these climate change signals may be sufficient to 
assess longer term average conditions, especially in the case of 
temperature, but provide little information for extreme events.  
Furthermore, challenges with projecting precipitation are only amplified 
when focusing on shorter time-scale events. 

For flood management, hydrographs (e.g., volume, peak) and 
corresponding antecedent conditions are key factors for flood damage 
assessment.  Perturbation of these properties from historical storm patterns 
may be helpful for early investigation, but may not relate well to climate 
change conditions and, thus, leave decision makers unable to assess the 
level of urgency for specific adaptive actions.  Therefore, it is critical to 
establish proper types of climate change signals (in terms of time scale and 
physical representation) that could be more appropriate for linking to storm 
hydrologic properties, allowing more meaningful vulnerability analysis. 

Decision-Making Considerations 
The CVFPP focuses specifically on improving flood protection for areas 
protected by SPFC facilities. The CVFPP is a systemwide assessment of 
the Sacramento-San Joaquin Flood management system that includes 
elements of SPFC facilities and local projects (that may or may not have 
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federal partnership). The State Systemwide Investment Approach included 
in the CVFPP represents policy and investment priority and objectives for 
improving flood management in the Central Valley. The investment 
approach reflects the State’s policy directives for providing appropriate 
flood protection (and, thus, sustainable maintenance) for urban areas, small 
communities, and rural areas in an economic, environmentally and socially 
sustainable manner. Implementation of the State System Investment 
Approach defines the roles and responsibilities of State, federal, and local 
entities, a timeline for implementation, and a financial strategy for 
sustaining long-term flood management improvements and maintenance. 

Several studies have reviewed various decision support planning methods 
for water resources management (Brekke et al., 2009; Western Utility 
Climate Alliance, 2010).  These studies identify potential limitations on 
applying traditional decision support analysis, with recognition that the 
cited limitations have a greater influence if extreme events are the metric of 
interest.  One example is traditional risk-based decision support analysis, 
which manages uncertainties through analysis of well-characterized 
probabilities, and recommends optimal strategies.  This type of analysis 
uses tools such as decision trees or influence diagrams.  Application of 
risk-based decision support analysis to flood management would inherit 
challenges because of the uncertainties of climate change with respect to 
extreme events, as previously mentioned. 

Another traditional decision planning method is scenario planning, which 
focuses on a set of critical uncertainties to form various scenarios that 
managers agree are plausible and reasonable to describe the decision space.  
While scenario planning can be beneficial in identifying a range of 
potential strategies, obtaining consensus on which climate change 
projections to use for extreme events is challenging. 

A third traditional decision support planning method is adaptive 
management, which “promotes flexible decision making that can be 
adjusted in the face of uncertainties as outcomes from management actions 
and other events become better understood” (NRC, 2004).  However, 
adaptive management is more suited to guiding operational or institutional 
changes rather than construction of new water facilities.  Structural 
solutions may be hard to reverse unless they are designed to anticipate 
alternative future conditions with planned upgrades (Brekke, et al., 2009). 

Identified by the CCSDWG as a useful decision support planning method, 
robust decision making combines portions of traditional decision analysis 
and scenario planning (Western Utility Climate Alliance, 2010). Robust 
decision-making identifies options that perform well over a wide range of 
possible future scenarios, rather than optimizing for a single scenario. The 
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Climate Change 
Threshold Analysis 
Approach is an 
analytical framework to 
identify vulnerability 
thresholds that may be 
exceeded in the next 50 
years, given the expected, 
although uncertain, effects 
of climate change, 
warranting changes in 
investment strategy and 
priority for improving 
regional and/or systemwide 
flood management in the 
Central Valley. 

goal of this method is to reduce the potential to be “surprised” by 
unexpected events (Brekke et al., 2009).  Robust decision making uses a 
large ensemble of scenarios for simulations to avoid the need to prioritize 
uncertainties and agreements about future conditions. 

Brekke et al. (2009) emphasize the need for planning frameworks to be 
flexible enough to incorporate uncertainties related to climate change in 
managing risks. Planning approaches that incorporate climate change 
probabilities, robust decision making, and adaptive management are all 
adaptation strategy options that allow decisions to be more flexible. These 
approaches also consider future advances in scientific understanding as 
they become available. 

The purpose of this discussion is not to identify the optimal decision 
support planning method for making flood management decisions for the 
CVFPP under climate change. Rather, it is to identify potential problems 
and opportunities associated with various decision support planning 
method options.  While the robust decision making method recommended 
by the CCSDWG could be an appropriate decision tool, as currently 
performed it could be very time consuming for the CVFPP, which 
addresses a large, complex system and has broad management objectives. 

2.2 Methodology Design 

The climate change approach needs for flood management described 
previously were considered in development of the Climate Change 

Threshold Analysis Approach for the CVFPP.  This 
climate change approach is based on the bottom-up 
approach for vulnerability assessment; however, it has 
been expanded to include causal relationships among 
metrics for communities, hydrology, and atmospheric 
factors to provide a framework allowing a qualitative 
comparison of the likelihood of exceedence of critical 
thresholds of vulnerability. The concept of robust 
decision criteria could be included in the Climate 
Change Threshold Analysis Approach, as it is applied 
across various sets of management actions. However, 
the CVFPP Threshold Analysis Approach does not 
follow the common execution of the robust decision-
making method, which uses a large number of 
simulations. 
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The CCTAWG was instrumental in developing the Climate Change 
Threshold Analysis Approach. The following section provides preliminary 
details of this approach; the approach will be further developed and refined 
for the 2017 CVFPP. 

2.2.1 Definition of Threshold Analysis Approach 
Climate is the prevailing condition of temperature, winds, precipitation, 
and runoff in a location over the long term (classically defined as 30 years 
by the World Meteorological Association (2003)). Changing climate may 
significantly alter the magnitude, timing, and frequency of extreme 
precipitation events and resulting runoff in the Central Valley. It could also 
alter the distribution and type of winter precipitation and the timing of 
annual snowmelt processes that generate runoff. Taken together, these 
changes could significantly alter the profile of floods in the Central Valley. 

A conceptual diagram of the Climate Change Threshold Analysis Approach 
is shown in Figure 2-2. 
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Figure 2-2.  Conceptual Diagram of Climate Change Threshold Analysis Approach 
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The arrow along the top of the diagram shows the general work flow. The 
Threshold Analysis begins with an assessment of vulnerability thresholds at 
critical system components, and the resulting consequences of crossing 
those thresholds.  Subsequently, an assessment of the conditions that would 
cause the thresholds to be exceeded would be conducted, followed by an 
assessment of the likelihood of exceedence. 

The second row of the diagram shows the individual pieces of the analysis 
and the work flow for a more top-down impacts analysis. Below the second 
row are illustrations of three possible scales at which the Threshold 
Analysis may be applied. The clouds surrounding connecting arrows 
indicate increasing levels of uncertainty. Finally, the long arrow on the 
right shows that all of this information is aggregated into a decision 
framework, identifying needed investment in the flood system or in 
additional research. 

As mentioned, major steps of the Threshold Analysis are assessing 
vulnerability, identifying causal conditions, and assessing likelihood of 
threshold exceedence. 

Assess Vulnerability 
Vulnerability can be assessed from various different levels and with 
different focus.  Critical components of the flood management system have 
associated thresholds of vulnerability, the crossing of which can cause 
undesirable consequences. The first step is to identify components and 
thresholds that exist on several spatial scales. Examples include a reservoir 
losing capacity to regulate flows downstream, a reservoir (or a system of 
reservoirs) exceeding its objective release, or an infrastructure (e.g., dam, 
levee) failure. 

Once thresholds for critical system components are identified, the 
consequences of exceeding the thresholds on a community level can be 
quantified. For example, a reservoir losing its capacity to regulate 
downstream flows would have large-scale, systemwide consequences. The 
effects of crossing a systemwide threshold would likely cascade through 
the system, causing other thresholds to be crossed. Other critical thresholds 
would have more moderate, regional consequences, such as a reservoir 
exceeding its objective release. At the smallest, most local scale, a levee 
failure may have severe impacts to a specific protection area, but less 
impact on other parts of the flood management system and operations. 

Defining critical thresholds that will need analysis requires a level of 
agreement among the various State, federal, and local entities with flood 
risk management responsibilities. It is conceivable that components with 
potential broader damages to communities (including natural communities) 
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would be easier for broad agreement for CVFPP systemwide application.  
However, for local flood management studies with a more finite project 
scope, the local critical thresholds could be used without exhausting 
available resources. 

Identify Causal Conditions 
The next step is to define the hydrologic conditions required for a given 
threshold to be exceeded. These conditions can be described by a set of 
hydrologic metrics. Critical thresholds for large-scale, systemwide 
components will be affected by relatively fewer sets of hydrologic 
matrices. In contrast, critical thresholds for local components will be 
influenced by significantly more sets of hydrologic metrics at various 
locations throughout the flood management system. 

Hydrologic conditions leading to threshold exceedence are linked to 
atmospheric patterns that can be affected by climate change. These patterns 
can be described by a set of atmospheric metrics that can be sampled from 
a future projection of climate and translated into hydrologic metrics for 
planning purposes. Subject to additional investigation, it is anticipated that 
for systemwide components, relatively fewer sets of atmospheric metrics 
will correspond to the hydrologic metrics, which in turn, correspond to 
critical thresholds, and more sets for critical thresholds for local 
components. 

Assess Likelihood of Exceedence 
The final step in the approach is to assess the likelihood of threshold 
exceedence.  It is anticipated that this would be an assessment against 
baseline conditions or other base of comparison, and would be conducted 
qualitatively based on available GCMs.  It remains to be determined 
whether current climate change science can provide adequate information 
to inform the process. If so, an analysis of the likelihood of crossing critical 
thresholds can be performed, and the results will inform planning analysis 
for further investment in the flood management system. If not, 
identification of vulnerabilities will help identify areas of needed climate 
science investment to obtain adequate information. 

2.2.2 Vulnerability Assessment 
The vulnerability assessment includes a description of the critical 
component and its associated threshold, and a description of the 
consequences of exceeding the threshold. 

Critical Components and Thresholds 
The Climate Change Threshold Analysis will be applied to the SPFC, 
which includes flood management facilities, lands, programs, conditions, 
and modes of O&M. More details on the specific definition of each of these 
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terms are included in the State Plan of Flood Control Descriptive 
Document (DWR, 2010).  Major facilities for each of the two basins are 
listed below. 

Major SPFC facilities along the Sacramento River and tributaries are 
shown in Figure 2-3 and include the following: 

• About 440 miles of river, canal, and stream channels (including an 
enlarged channel of the Sacramento River from Cache Slough to 
Collinsville) 

• About 1,000 miles of levees (along the Sacramento River channel, 
Sutter and Yolo basins, and Feather, Yuba, Bear, and American rivers) 

• One major flood management reservoir (Lake Oroville) 

• Four relief bypasses (Sutter, Tisdale, Sacramento, and Yolo bypasses) 

• Knights Landing Ridge Cut, connecting the Colusa Basin to the Yolo 
Bypass 

• Five major weirs (Sacramento Weir, built in 1916; Fremont Weir, built 
in 1924; and Moulton, Tisdale, and Colusa weirs, built in 1932 and 
1933) 

• Two sets of outfall gates 

• Five major drainage pumping plants 

• Cache Creek Settling Basin, maintaining the flood conveyance integrity 
of the Yolo Bypass 

• Numerous appurtenant structures such as minor weirs and control 
structures, bridges, and gaging stations. 
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Figure 2-3.  Design Flood Flow Capacities For Sacramento River, Bypasses, and Major 
Tributaries and Distributaries in Sacramento River Basin 
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Major SPFC facilities along the San Joaquin River and tributaries are 
shown in Figure 2-4 and include the following: 

• Chowchilla Canal Bypass (and levees), which begins at the San Joaquin 
River downstream from Gravelly Ford, diverts San Joaquin River 
flows, and discharges the flows into the Eastside Bypass 

• Eastside Bypass (and levees), which begins at the Fresno River, collects 
drainage from the east, and discharges to the San Joaquin River 
between Fremont Ford and Bear Creek 

• Mariposa Bypass, which begins at the Eastside Bypass and discharges 
to the San Joaquin River (and levees) 

• Approximately 99 miles of levees along the San Joaquin River 

• Approximately 135 miles of levees along San Joaquin River tributaries 
and distributaries 

• Six instream control structures (Chowchilla Bypass Control Structure, 
San Joaquin River Control Structure, Mariposa Bypass Control 
Structure, Eastside Bypass Control Structure, Sand Slough Control 
Structure, and San Joaquin River Structure) 

• Two major pumping plants 
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Figure 2-4.  Design Flood Flow Capacities For San Joaquin River, Bypasses, and Major 
Tributaries and Distributaries of the San Joaquin River Basin 
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Many of the multipurpose storage facilities that contribute to flood 
management in the Sacramento and San Joaquin river basins are also 
operated for other purposes, such as water supply and power generation, 
but are not part of the SPFC because they include no State assurances to the 
federal government. Major multipurpose storage facilities are shown in 
Figure 2-5. Note that Oroville Dam is the only major multipurpose project 
listed that is part of the SPFC. 
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Figure 2-5.  Locations of Multipurpose (Including Flood Management) Dams and 
Reservoirs in Sacramento and San Joaquin River Basins 
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While the functions of SPFC will be impacted by climate change, some 
critical functions have the potential to greatly impact other components of 
the system, if lost. These functions generally fit into a hierarchy of 
consequences, with systemwide, regional, or local implications. An 
example of each is below. 

• Systemwide example: uncontrolled release from a major flood 
management reservoir – Reservoir operation is a key for flood 
management to regulate outflows for downstream safety. If a major 
flood control reservoir were to lose its regulatory capacity, the potential 
effects on downstream flood protection could be significant and 
widespread. 

• Regional example: objective release exceedence – Objective releases 
from a reservoir or a jointly operated reservoir complex reflect the 
original plan of these facilities and associated downstream levees or 
floodwalls to provide desirable flood management function. If the 
threshold were to be exceeded, the flood risk downstream would 
increase significantly. 

• Local example: levee failure – Levee integrity is an important 
threshold for local economic activities and communities protected by 
levees, and the consequences of exceeding this threshold are better 
understood than the previous two categories.  However, the exact 
threshold for levee failure is not well defined.  DWR currently conducts 
geotechnical exploration to identify potential levee failure modes, and 
associated risks. 

Community Metrics and Threshold 
Community metrics measure the chance of flooding and/or consequences 
of flooding in an area and can be used as indices for vulnerability. These 
metrics result from flood management system operations and climate 
change scenarios; they are not influenced by operations alone.  In other 
words, many combinations of upstream operations could result in a 
common outcome at the local level.  These multiple-to-one relationships 
between the operation and reliability of the flood management system, and 
the thresholds of community metrics, require a significant level of effort to 
define.  Developing community metrics requires customization for each 
community because each could have unique vulnerability or vulnerabilities.  
The following metrics are potential examples based on CCTAWG 
discussions regarding their potential applicability. However, no specific 
metric recommendations were formed because of the above recognition of 
the benefits of assigning thresholds to system component levels. 
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Two example sets of metrics for measuring community thresholds have 
been identified: metrics for chance of flooding and metrics for 
consequences of flooding.  Examples of metrics for the potential chance of 
flooding include the following: 

• Level of Protection – The level of protection is a legislatively 
mandated metric for measuring flood risk. It identifies the frequency of 
flooding from which an area is protected. For example, an area with a 
200-year level of protection can withstand flooding that has a 1-in-200 
chance of occurring in any given year. However, level of protection 
may be a problematic metric for vulnerability in the future because 
changing climate may alter the magnitude of a flood that occurs at a 
given frequency. 

• Upstream Flood Management Capacity – This metric measures the 
total flood space in reservoirs, channels, bypasses, and detention basins 
upstream from a point in the system.  This type of metric is problematic 
because of the challenge in defining upstream capacity in a consistent 
way. 

Potential impact metrics include both upfront costs for adapting to climate 
change and the impacts themselves. Examples of potential impact metrics 
include, but are not limited to, the following: 

• Infrastructure Costs – Altered hydrologic regimes because of climate 
change create the need for proactive investment in infrastructure, often 
at significant cost, to reduce the consequences of flooding. In addition 
to costs for resizing or reoperating flood management infrastructure, 
this metric would also include costs for relocating buildings, utilities, 
transportation corridors, water and wastewater treatment plants, and 
other public infrastructure. 

• Operations and Maintenance Costs – O&M costs for the existing 
flood system represent a substantial fraction of current flood 
management costs. Climate change may alter these costs by changing 
the frequency, magnitude, or timing of floodflows. Climate change also 
may reduce the length of the construction and maintenance season, 
thereby limiting opportunities to gradually adapt to changes in the 
system. 

• Lives/Casualties – Protecting public safety is a key component of the 
primary CVFPP goal to improve flood risk management. The number 
of casualties in a given year is an important metric for measuring flood 
impacts. 
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• Economic Damages – Flooding results in significant damages to State 
and local economies. Losses include lost jobs and income as well as 
damages to infrastructure, homes, and businesses. 

• Resilience/capacity to Recover – Resilience describes the ability of a 
system to return to its pre-impact state. After a flood event, 
communities have different capacities to recover and resume economic 
growth. The time required for a community to recover from a flood 
event may be used as a metric. 

• Ecosystems/Natural Resources – Potential metrics to measure loss of 
ecosystems and natural resources include acreage lost (e.g., critical 
habitat, wetlands, riparian woodlands), or the value of ecosystem 
services lost. 

• Permanent Loss/Concessions – Flooding may result in irreparable 
cultural losses, as happened in portions of New Orleans after Hurricane 
Katrina. In addition, areas that are frequently inundated may need to be 
conceded as not able to be protected by the flood management system. 

2.2.3 Identification of Causal Conditions 
Subject to various potential flood management system configurations and 
operations, different hydrologic conditions and their corresponding 
atmospheric conditions could cause the critical threshold to be exceeded.  
In other words, the relationship between hydrologic metrics and system 
critical threshold are often multiple-to-one, and it is likely that the same 
kind of multiple-to-one relationship exists between hydrologic metrics and 
atmospheric metrics. 

Hydrologic Metrics 
Hydrologic metrics describe attributes of a flood moving through the flood 
management system.  Typical characteristics of a flood hydrograph can be 
described by the following hydrologic metrics: 

• Peak Flow – A 3-day peak flow is a widely used metric for measuring 
flood magnitude in reservoir operations. Instantaneous peak flow is 
another important metric, useful for assessing levee overtopping and 
unregulated flows. 

• Volume of Flow – The volume of a flow has significant impacts on a 
flood management system, especially in increasing pressure on flood 
management reservoirs. Volume metrics should include flow volumes 
over 1, 3, 7, 15, and 30 days. 
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• Duration of Flow – Flow duration determines the amount of time a 
flood management system is engaged during a flood event. Longer 
duration high flows will create additional strain on a system. Duration 
of inundation is also an important metric for the health of natural 
floodplains. 

• Timing of Flow (seasonality) – Flood risk in California occurs at 
specific times of year; therefore a metric measuring the timing of flows 
is necessary. Several methods are currently used to measure the 
seasonality of flow, including spring pulse onset, center of mass, date 
of maximum flow, and monthly seasonal fractional flows, among 
others. Seasonality is also an important factor in ecosystem health. 

• Time to Peak – The time to peak furnishes important information on 
the rate at which a flood moves through the system. 

Depending on system configuration and the particular component and its 
threshold of interest, one or more hydrologic metrics could be more 
relevant and better suited for the Climate Change Threshold Analysis 
Approach. 

Atmospheric Metrics 
Atmospheric metrics describe weather and climate patterns that influence 
hydrologic conditions. Atmospheric metrics need to be designed so that 
they can be sampled from GCMs or associated downscaled products and 
translated into a specific set of hydrologic metrics. 

For flood events, examples of potential atmospheric metrics include the 
following: 

• Atmospheric River Index – Atmospheric river (AR) events have been 
associated with the majority of major flood events in California 
(Dettinger et al., 2009). An AR Index to characterize the amplitude and 
frequency of AR events would be a useful metric for characterizing the 
potential for these high-impact events to affect flooding in the Central 
Valley. The index could potentially be related to the depth, width, and 
persistence of the atmospheric moisture plume. 

• Freezing Elevation – Freezing elevation impacts the area contributing 
rainfall runoff to a river. A higher freezing elevation results in a larger 
catchment area contributing direct runoff. However, the magnitude of 
the effect of increased freezing elevation varies from watershed to 
watershed, based on local topography (Dettinger et al., 2009). 
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• Rain-on-Snow Events – A rain-on-snow event is defined as an event 
with both precipitation and snowmelt (i.e., decrease in snow depth) 
occurring (McCabe et al., 2007). The number of days per year with 
rain-on-snow conditions may be used as a metric. These conditions 
could relate to some most devastating California flood events in the 
past, and appear to correlate to climate signals such as the El 
Niño/Southern Oscillation (ENSO). 

2.2.4 Assessment of Likelihood of Crossing Critical 
Thresholds Under Climate Change 

The Climate Change Threshold Analysis Approach differs from a 
traditional climate change impact analysis, in which temperature and 
precipitation information sampled directly from downscaled GCM results 
are input into hydrologic, hydraulic, and operations models.  In the Climate 
Change Threshold Analysis Approach, metrics representing general 
circulation features associated with extreme precipitation processes are 
sampled and related to identified atmospheric metrics that are important to 
flood-producing precipitation. The atmospheric metrics are subsequently 
related to the hydrologic metrics. Based on these relationships, potential 
impact of climate change on a flood management project or strategy can be 
qualitatively assessed. As the science underlying the estimation of climate 
change processes affecting flood events advances in the future, a 
quantitative assessment could be possible. It should be noted that many of 
the relationships between atmospheric hydrologic and flood management 
strategy metrics are not currently well defined and will require significant 
further development. Relationships between atmospheric and hydrologic 
metrics will likely to be on a many-to-one basis, which may require 
selecting appropriate models to better determine the metrics connections 
via sensitivity analyses. 

The results of the overall analysis will be influenced by the technical 
methodologies used to assess the likelihood of crossing critical thresholds. 
These technical decisions will include the methodology used to sample 
GCMs, downscaling methodology, consideration of sea level rise, and 
choice of modeling tools. A brief discussion of each follows. 

Extreme Event Sampling Methodology 
This overall approach is proposed because extreme precipitation processes 
rely at least in part on processes that occur at too fine a spatial or temporal 
scale to be properly represented in the GCMs. Extreme events are, by 
definition, temporally rare. Thus, even a highly detailed simulation or 
downscaled version of high-temporal resolution twenty-first century 
climate change will not generally be sufficient to evaluate changes in 
extreme event frequencies. A potential solution to this problem could be to 
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obtain multiple realizations of each combination of emissions scenario and 
GCM. This would result in realizations of multiple extreme events in the 
period of interest. 

Because of the difficulties in sampling extreme precipitation events from 
GCMs, it may be necessary to carry out a sensitivity analysis on the 
method used to sample extreme precipitation metrics from a future climate 
distribution to determine a method that provides useful information but is 
not affected by the sampling strategy.  Examples of two sampling strategies 
used in other DWR planning efforts include the scenario subset 
methodology employed for the CAT analyses and the ensemble informed 
approach used in the Bay-Delta Conservation Plan. 

In the scenario subset approach, a selection of GCMs is sampled from the 
population of GCM runs.  The selection criteria can include variables 
available to sample from the GCM run or runs with a metric matching a 
specified criterion.  In the ensemble-informed approach, a small tractable 
set of realizations of future projection information is generated by 
segmenting the future projection distribution and creating ensemble 
projection information associated with each segment.  While it is possible 
to sample the entire set of GCM runs, this is feasible only if the desired 
information to inform the atmospheric metrics of interest were available in 
all GCMs.2 

Downscaling Methodology 
Resolution of current climate models is too coarse to capture key features 
of California climate such as the orographic effects of the Sierra Nevada 
and microclimate over the San Francisco Bay Area.  To make use of 
information from the climate projection simulations and generate 
atmospheric metrics that are useful at the Central Valley and sub-Central 
Valley resolutions, it is necessary to downscale GCM results to spatial and 
temporal scales useful for the planning process.  In general, there are two 
basic approaches to downscaling: statistical and dynamical. 

• Statistical downscaling – Statistical downscaling uses statistical 
relationships between coarse resolution and detailed resolution of 
climate variables.  Statistical methods therefore are often much faster at 
generating downscaled data than dynamical methods.  However, 
statistical downscaling methods assume stationarity, relying on 
relationships that are developed based on historical data.  It is not 
certain if these relationships are always preserved with a changing 
climate. It should be noted that for the CAT reporting process of 2006 

                                                           
2 See Khan and Schwarz (2010) for a more detailed description of these methods. 
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and 2009, as well as the BDCP process described above, statistical 
downscaling methods were used, as described by Wood et al. (2004). 

Several statistical downscaling methods are available, each with 
different emphasis.  One statistical downscaling method is the 
Constructed Analogues (CA) approach. The method constructs an 
analogue for a given coarse-scale daily weather pattern by combining 
the weather patterns for several days from a library of previously 
observed patterns (Hidalgo et al., 2008). Another technique is Bias 
Correction and Spatial Disaggregation (BCSD). BCSD adjusts GCM 
output so that it statistically matches observed data during common 
historical overlap periods (Wood et al., 2002). CA downscales daily 
large-scale data directly while BCSD downscales monthly data, with a 
random resampling technique to generate daily values (Maurer and 
Hidalgo, 2008). A third statistical downscaling approach, Bias 
Corrected Constructed Analogues (BCCA), combines the initial large-
scale bias correction step of BCSD before applying the CA method 
(Maurer et al., 2010). Comparisons of various downscaling methods 
can be found in Murphy (1999), Hay and Clark (2003), Hanssen-Bauer 
et al. (2003), Wood et al., (2004), Maurer and Hidalgo (2008), and 
Maurer et al. (2010). 

• Dynamical downscaling – Dynamical downscaling makes use of 
numerical models of the atmosphere and land system at a higher 
resolution and uses global climate simulations as initial and boundary 
conditions.  Because they operate at more detailed spatial resolution, 
the areal extent of the model simulations must be smaller to maintain a 
reasonable computation time for the climate projection simulations.  In 
addition to these simulations, some post-processing of results is often 
necessary to remove systematic bias from the regional climate model 
outputs. Dynamical models are able to put aside many of the 
assumptions of stationarity that are implicit in the statistical methods. 
However, dynamical models are currently constrained by a high 
computational burden, which limits their use to shorter downscaled 
periods. These short segments of dynamically downscaled climates and 
responses would have limited use for determining changes in 
frequencies and magnitudes of extreme events. 

Downscaling will be an important element for providing inputs to 
atmospheric metrics.  Further evaluation will be required to determine 
whether existing downscaled data sets offer sufficient information to 
provide atmospheric metric information, or if more research effort in 
this area is needed.  However, based on the characteristics of these two 
general types of downscaling methodology, dynamically downscaling 
could be more suitable for the Threshold Analysis Approach in the long 
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term because the pace of computer technology may alleviate the 
computational burden. 

Sea level Rise Considerations 
Sea level rise could affect flood management because of changes in 
downstream hydraulic conditions for riverine flooding conditions within  
tidal influence areas (e.g., the lower Sacrament River and lower San 
Joaquin River), increased range or magnitude of water-level fluctuation in 
estuary flooding conditions (e.g., Delta), or a combination of the above. 

Although it is generally accepted that sea levels will continue to rise on a 
global scale, the exact rate of rise remains unknown. Projections have been 
developed by the OPC, and a study by the National Research Council 
(NRC) is in progress. 

• OPC Sea level Rise Guidelines – Led by OPC, the Sea level Rise Task 
Force of the Coastal and Ocean Working Group of the California 
Climate Action Team (CO-CAT) developed sea level rise 
recommendations for California (OPC, 2010). The State has adopted 
the OPC recommendations as interim guidelines until the NRC study, 
described below, is completed. The guidelines, which use 2000 as a 
baseline, are outlined in Table 2-1. 

Table 2-1.  Ocean Protection Council Sea level Rise Guidelines 

Year 
 

Average of 
Models Range of Models 

2030  7 inches (18 cm) 5‐8 inches (13‐21 cm) 

2050 
 

14 inches (36 cm) 10‐17 inches (26‐43 cm) 

2070 

Low 23 inches (59 cm) 17‐27 inches (43‐70 cm) 

Medium 24 inches (62 cm) 18‐29 inches (46‐74 cm) 

High 27 inches (69 cm) 20‐32 inches (51‐81 cm) 

2100 

Low 40 inches (101 cm) 31‐50 inches (78‐128 cm) 

Medium 47 inches (121 cm) 37‐60 inches (95‐152 cm) 

High 55 inches (140 cm) 43‐69 inches (110‐176 cm) 
Source: OPC, 2010 
Key: 
cm = centimeter 

• National Research Council Sea level Rise Review – The State of 
California, along with several federal agencies and the states of Oregon 
and Washington, has commissioned the NRC to conduct a scientific 
review of sea level rise for the West Coast. The NRC study will 
estimate values or ranges of values for sea level rise for planning 
purposes for 2030, 2050, and 2100. The CO-CAT Sea level Rise Task 
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Force, a working group comprising senior-level staff from California 
State agencies with ocean and coastal resource management 
responsibilities, will provide feedback to the NRC so that the guidelines 
NRC develops will reflect the range of planning needs in California. 
The sea level rise estimates are anticipated to be completed in 2012, 
and will be included in climate change analysis for the 2017 CVFPP 
and other water management planning studies. 

Hydrologic and Operations Modeling Tools 
A number of hydrologic and system operations modeling tools are 
available and under development by different agencies, entities, and 
institutes for planning, forecasting, and real-time flood management 
operation purposes.  The merits of each model are not the subject of 
detailed discussions here; the emphasis is on their corresponding capacities 
to support intended decision making. 

DWR has an existing methodology and a set of tools for assessing 
hydrologic conditions in a forecasting and project planning capacity.  
Current model capabilities include the National Weather Service River 
Forecasting System (NWS-RFS), the U.S. Army Corps of Engineers 
(USACE) Hydrologic Engineering Center – Hydraulic Modeling System 
(HEC-HMS) and Corps Water Management System (CWMS), the U.S. 
Geological Survey (USGS) watershed model Precipitation-Runoff 
Modeling System (PRMS), and the Variable Infiltration Capacity (VIC) 
model. Before any one tool is selected for use in a Climate Change 
Threshold Analysis, it will be beneficial to compare the advantages and 
disadvantages of each model, and conduct a parameter sensitivity analysis 
for the hydrologic model based on inputs from GCMs. DWR is currently 
making significant investments to improve modeling tools by enhancing 
technical modeling integrity and data resolution and availability, to 
accommodate a greater range of decision support needs, including climate 
change impacts assessments. 

2.3 Potential Applications 

The Climate Change Threshold Analysis Approach is proposed for flood 
management in assessing climate change effects because of the inherent 
conflicts between traditional risk-based assessment and flood management 
needs; the occurrence probability of extreme events under climate change 
conditions is not supported by current scenario approaches, as discussed at 
length in Section 2.1. 
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The above conceptual design of the Climate Change Threshold Analysis 
Approach also suggests significant challenges and likely research required 
to better define causal relationships between atmospheric metrics, 
hydrologic metrics, and potential exceedence of the critical threshold of 
certain flood management system component(s), or community metrics. 
The inherent multiple-to-one relationships among these various layers of 
parameters are barriers to full implementation of the proposed bottom-up 
approach, although the approach could be foundational for identifying a 
systemwide investment strategy that would achieve broad public support. 

The current 2012 CVFPP will be based on available information and 
modeling tools, with critical updates and enhancement.  It is anticipated 
that the 2017 CVFPP update would benefit from the current investment of 
modeling tools, data development, and systemwide planning. Similarly, the 
2017 CVFPP will benefit from the development of the Climate Change 
Threshold Analysis Approach.  While available information and modeling 
tools do not support a complete application of the this approach for the 
2012 CVFPP, to demonstrate the concept, a pilot study has been conducted 
and documented in the following chapter of this report. 

The concepts of the Threshold Approach Analysis and the emphasis on the 
bottom-up vulnerability analysis are also applicable for other water 
management planning purposes.  These concepts emphasize local and 
regional innovations and resources management to formulate the best 
approach and actions to resolve identified community vulnerabilities, 
particularly in long-term water management planning (Brekke et al., 2009). 

 



 3.0 Pilot Study 

January 2012 3-1 
Public Draft 

3.0 Pilot Study 
The pilot study provides a proof of concept that demonstrates the merits of 
the Climate Change Threshold Analysis Approach for the CVFPP decision-
making process. Results of this study will give direction to scientists on key 
areas requiring further research and, more importantly, provide critical 
references for policy makers in formulating a State flood system 
investment strategy.  However, because it is a demonstration, the pilot 
study is not likely to be sufficient for providing recommendations on future 
investment because the models, data, and techniques are preliminary results 
from many ongoing studies. 

3.1 Pilot Study Scope 

The pilot study focuses on critical reservoir operational thresholds at 
Oroville Dam on the Feather River. Oroville Dam and Lake Oroville lie in 
the foothills on the western slope of the Sierra Nevada, 1 mile downstream 
from the junction of the Feather River's major tributaries. DWR owns and 
operates the dam to store winter and spring runoff, which is released into 
the Feather River to meet downstream environmental needs and SWP water 
supply. Lake Oroville also provides pumped-storage capacity, 750,000 
acre-feet of flood management storage, recreational opportunities, and 
freshwater releases to control salinity intrusion in the Delta and to protect 
fish and wildlife. 

Oroville Dam is the only major flood control reservoir in the Central 
Valley that is included in the SPFC (DWR, 2010).  It has a significant flood 
management function and its operation coordinates with the operation of 
New Bullards Bar Reservoir on the North Yuba River.  Therefore, if 
Oroville Dam loses its capacity to regulate flows (i.e., is required to release 
water from its emergency spillway), there would be considerable potential 
for widespread effects throughout the State-federal flood management 
system.  The initial intent of the pilot study was to investigate the 
possibility of Oroville Dam being forced to use its emergency spillway if 
the system were overwhelmed by increased inflow under climate change. 
However, it is important to recognize that the spillway of Oroville Dam has 
never been used since Oroville Dam was constructed in 1967. The analysis 
therefore also investigated exceedence of objective releases from Oroville 
Dam, New Bullards Bar Dam, and two control points downstream. 
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3.2 Pilot Study Methodology 

The pilot study has two parts: (1) a vulnerability assessment at Oroville 
Dam using hydrology from the Sacramento and San Joaquin River Basins 
Comprehensive Study (Comprehensive Study) (USACE, 2002) and HEC-
ResSIM reservoir operations model, and (2) an assessment of climate 
change impacts on precipitation and runoff processes associated with 
temperature increases. 

3.2.1 Vulnerability Assessment 
Hydrology from the Comprehensive Study (USACE, 2002) and a HEC-
ResSIM reservoir operations model were used to assess the vulnerability of 
Oroville Dam to changes in the volume of inflow. As previously 
mentioned, the volume of a flood hydrograph is a hydrologic metric that 
can be used for the Climate Change Threshold Analysis Approach.  
Because current flood management protocols cause Oroville Dam and 
Yuba County Water Agency’s New Bullards Bar Dam to operate for a 
common compliance point (USACE, 1970), the vulnerability assessment 
was completed for the Oroville-New Bullards Bar complex as a whole. 

HEC-ResSIM 3.0 Reservoir Operations Model 
A HEC-ResSIM 3.0 reservoir operations model was developed by USACE 
as part of the DWR Forecast Coordinated Operations Program for the 
Feather and Yuba rivers (YCWA, 2005).  DWR is developing a new set of 
Central Valley flood hydrology in collaboration with USACE, with results 
anticipated in 2012. As part of this effort, additional updates were made to 
the HEC-ResSIM model.  USACE provided a working version of this 
model for use in the pilot study (USACE, 2011). 

The model uses inflows as an upstream boundary condition for reservoir 
operations and downstream routing. HEC-ResSIM routes flow through 
reservoirs based on specified operational criteria.  Operational criteria in 
the HEC-ResSIM baseline models strictly observe guidelines established 
within the reservoir’s water control manual (USACE, 1970) and focus on 
flood damage reduction operations and winter operations for water supply 
and hydropower.  Under normal conditions, when reservoir storage 
encroaches into the flood pool (i.e., storage exceeds the top of conservation 
pool), reservoir outflow increases up to the objective release to evacuate 
water from the flood pool. The objective release is based on downstream 
channel capacity and reservoir outlet capacity.  If inflow into the reservoir 
is greater than outflow, the volume of water in the reservoir continues to 
increase and emergency spillway releases (which are greater than objective 
releases) begin when storage reaches the gross pool. 
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Objective flows and storage volumes for Oroville Dam and Lake Oroville 
and New Bullards Bar Dam and Reservoir are presented in Table 3-1 
(USACE, 2002). 

Table 3-1.  Objective Flows and Storage Volumes for Feather and 
Yuba River Reservoirs 

Reservoir River Objective Flow 
Gross Pool 

Storage 
(TAF) 

Maximum 
Flood Space 

(TAF) 

Oroville Dam 
and Lake 
Oroville 

Feather 
River 

Below dam – 150,000 cfs 
Gridley – 150,000 cfs 

Yuba City – 180,000 cfs 
Feather – Yuba River 

Junction – 300,000 cfs 
Nicolaus – 320,000 cfs 

3,538 750 

New Bullards 
Bar Dam and 
Reservoir 

Yuba 
River 

Below dam – 50,000 cfs 
Marysville at Yuba River – 

180,000 cfs 
970 170 

Source: USACE, 2002 
Key: 
cfs = cubic feet per second 
TAF = thousand acre-feet 

Inflow Hydrology 
As previously mentioned, DWR is developing a new set of Central Valley 
flood hydrology, in collaboration with USACE.  The results are anticipated 
in 2012 and were not available for the pilot study. 

For demonstration purposes and consistency with 2012 CVFPP 
development, the pilot study uses hydrology from the Comprehensive 
Study (Appendix A) as inflows for the HEC-ResSIM model. The 
Comprehensive Study hydrology was formulated in the context of the 
“Composite Floodplain” concept that a frequency-based floodplain is not 
created by a single flood event, but by a combination of several events, 
each of which shapes a floodplain at different locations.  To construct a 
Composite Floodplain, a series of storm centerings, which is a set of storms 
with different return periods assigned to a set of tributaries, was developed 
to characterize flooding in different parts of the basin (Hickey et. al., 2003). 

Synthetic hydrology was developed so that the Composite Floodplain 
would represent the maximum extent of inundation possible at all locations 
for any of seven simulated synthetic return period storm events (USACE, 
2002). Synthetic storm runoff centerings were generated based on the 
analysis of 19 historical storms.  The center of a storm is the location in the 
system with the highest intensity and is defined as a set of tributaries.  Two 
basic types of storm runoff centerings were developed: mainstem (basin-
wide storms that stress the system on a regional basis) and tributary (storms 
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that generate extremely large floods on individual tributaries).  Tributary 
centerings were prepared for 18 individual rivers (USACE, 2002). 

The pilot study used the 1 percent annual exceedence probability (AEP) 
centering for the Feather River at Oroville. The 1 percent AEP event was 
chosen because downstream channel capacity is generally not exceeded for 
baseline conditions in the Feather River Basin for storms with a higher 
AEP. If channel flows are within channel capacity, it is assumed that the 
system can safely convey the water without flooding adjacent areas. 
Because flow is within channel capacity, operational changes would not 
affect the volume of flooding. 

In the Comprehensive Study, the basic pattern of all synthetic flood 
hydrographs was a 30-day hourly time series consisting of six waves, each 
5 days in duration. Volumes were ranked and distributed into the basic 
pattern. The highest wave volume was always distributed into the fourth 
wave, or the main wave. The second and third highest volumes preceded 
and followed the main wave, respectively. The fourth highest volume was 
distributed into the second wave and the fifth highest was distributed into 
the final of the six waves. The sixth and smallest wave volume was 
distributed into the first wave of the series. The shape of each wave is 
identical, and the magnitude is determined by the total volume that the 
wave must convey. The pilot study used a 7-day period centered on the 
largest volume (fourth) flood wave. The 7-day period was chosen over the 
complete 30-day synthetic hydrology to focus the analysis on a high-
intensity storm, such as would be associated with an atmospheric river. 

Inflow Changes 
To simulate larger storm events resulting from climate change, changes 
were made to reservoir inflows in HEC-ResSIM. For illustrative purposes, 
the pilot study uses only the Comprehensive Study hydrology from the 
Oroville storm centering, and focuses on the main wave portion of the 30-
day hydrology. The resulting 7-day hydrograph from the 1 percent AEP 
Feather River at Oroville centering was scaled upward from zero to 50 
percent in increments of 10 percent. Scaling was performed such that a 10 
percent increase in volume resulted in a 10 percent increase in peak 
volume.  Fifty percent was chosen as a reasonable upper bound for 
potential inflow increases; fifty percent is well above the upper end of the 
range of expected increase in the intensity of atmospheric rivers (Dettinger, 
2011). 
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Threshold Exceedence 
The occurrence and magnitude of threshold exceedence was identified for 
each scaling factor. Threshold exceedence was identified at Oroville Dam, 
New Bullard’s Bar Dam, at the confluence of the Feather and Yuba rivers 
in Marysville, and on the Feather River at Nicolaus. 

Sensitivity Analysis on Initial Reservoir Storage 
Threshold exceedence depends on not only the volume of inflows from a 
storm event, but also the initial storage level of a reservoir. Therefore, 
sensitivity of these results to various initial reservoir storage conditions was 
also required for better understanding the associated vulnerability. For the 
pilot study, initial reservoir storage was initially assumed to be at the top of 
the conservation pool, and was increased in increments of 10 percent, to 
simulate encroachment into the flood pool before the advent of the modeled 
storm. 

Possible Other Factors Not Considered 
Threshold exceedence considered in this pilot study would likely be 
influenced by additional atmospheric and hydrologic factors such as 
seasonality, time to peak flows, and initial watershed conditions, among 
others. However, for the demonstration purpose of the pilot study, only 
changes in volume and initial storage were considered. 

3.2.2 Assessment of Climate Change Impact on 
Hydrologic Processes 

Future extreme precipitation events are difficult to project because climate 
projections from GCMs have difficulty providing regional and local scale 
precipitation patterns, and because of the substantial influence of both 
human settlement patterns and water-management choices on overall flood 
risk (DWR, 2005).  As previously mentioned, the Atmospheric River Index 
could be an atmospheric metric used in the Threshold Analysis Approach; 
however, research on this topic is preliminary.  For demonstrative 
purposes, a recently developed tool for identifying atmospheric river events 
in GCMs was used in the pilot study to estimate potential changes in 
extreme precipitation events. 

Atmospheric River Analysis 
Atmospheric rivers are narrow, intense bands of moist air associated with 
enhanced vapor transport (Dettinger et al., 2009).  Atmospheric rivers are 
typically several thousand kilometers long and only a few hundred 
kilometers wide, and a single atmospheric river can carry a greater flux of 
water than the Earth’s largest river, the Amazon River (Zhu et al., 1998). 
Atmospheric rivers can be referred to as tropical plumes, Hawaiian fire 
hoses, or Pineapple Expresses (Kerr, 2006). 
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Atmospheric rivers have been identified as the primary (and, in some 
settings, essentially only) cause of flooding of California rivers (Dettinger 
et al., 2011). One example is the widespread, devastating 1997 flood in the 
Central Valley.  Figure 3-1 shows several visualizations of the atmospheric 
river event impacting California on January 2, 1997 (Dettinger et al., 2009). 

 
Source: Dettinger et al., 2009 
Figure 2-6.  Visualizations of 1997 Atmospheric River Conditions 

Integrated Water Vapor Flux Tool 
The change in intensity of atmospheric rivers is used in the pilot study as a 
proxy for changes in extreme atmospheric conditions under climate change, 
and relates to resulting reservoir inflow changes.  This analysis 
qualitatively assesses how future changes to atmospheric river 
characteristics could affect reservoir vulnerability.  The pilot study 
demonstrates this approach using a recently formulated integrated water 
vapor flux tool to detect atmospheric river events. 

This atmospheric river detection approach involves calculating daily 
vertically integrated water vapor (IWV) in the atmosphere and daily wind 
speeds and directions at the 925 millibar pressure level for a GCM grid cell 
just offshore from the Central California coast. An atmospheric river event 
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is determined to be occurring when IWV is greater than 2.5 cm at the same 
time that the upslope component of wind is greater than 10 meters per 
second (i.e., IWV flux is 25 meters per second - centimeters or greater). 
The National Oceanic and Atmospheric Administration (NOAA) 
Hydrometeorological Testbed Program has identified this threshold in IWV 
flux as a threshold for extreme precipitation events that can lead to flooding 
(Neiman et al., 2009). 

Orographic precipitation processes are not well represented in current 
GCMs; the primary avenue for inferring possible future changes in this 
mechanism for flood generation is analysis of atmospheric river conditions 
just offshore and just before their flood-generating encounters with 
mountain ranges after many thousands of kilometers of passage over 
uninterrupted ocean surfaces. This limitation of current GCMs is the 
motivation for the focus of the present analysis on atmospheric rivers just 
offshore (Dettinger, 2011). 

In the pilot study, IWV flux was determined, based on information from 
GCMs, for each day in four 20-year epochs: 1961 through 1980, 1981 
through, 2046 through 2065, and 2081 through 2100. These simulation 
periods were chosen because daily water vapor, winds, and temperatures 
were available from only a few IPCC GCMs. More GCMs will provide this 
detailed data in the next round of IPCC simulations. 

Consistent with the demonstration purpose of the pilot study, the A2 
scenario (IPCC, 2007) was used because it provides the strongest 
greenhouse forcing on climate, and the clearest indications of directions of 
change in natural variability, among the scenarios for which climate 
projections were commonly available. A more detailed description of the 
IWV flux methodology for the atmospheric river analysis can be found in 
Neiman et al. (2009) and Dettinger (2011). 

3.3 Pilot Study Results 

This section presents the results of the two major components of the pilot 
study: the vulnerability assessment and likelihood assessment. 

3.3.1 Vulnerability Assessment 
Scenarios of 1 percent AEP reservoir inflows, increased in 10 percent 
increments up to 50 percent, were modeled for the Feather-Yuba flood 
management system. 
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Key assumptions in this demonstration analysis include the following: 

• The initial storage in Lake Oroville is at the top of the conservation 
pool for January (2.788 million acre-feet) 

• The initial storage in New Bullards Bar Reservoir is at the top of the 
conservation pool for January (790,000 acre-feet) 

• The assumed storm is of 1 percent AEP 

• Existing flood operation rules for both reservoirs 

Figure 3-1 presents the results of each of these six scenarios for Lake 
Oroville, New Bullards Bar Reservoir, and three downstream control 
points: the Yuba River at Marysville, the confluence of the Feather and 
Yuba rivers, and the Feather River at Nicolaus. The threshold is identified 
for each location based on the objective flow. 

 
Figure 3-2.  Simulated Peak Flow by Inflow Scenario 

With initial storage assumed to be at the top of the January conservation 
pool in Lake Oroville and New Bullards Bar Reservoir before the 1 percent 
AEP storm, increasing the peak inflow volume by 30 percent or greater led 
to exceedence of the objective release during peak outflows. Interestingly, 
inflow increases of 10 and 20 percent resulted in reduced outflows relative 
to the baseline. This outflow reduction is a result of Lake Oroville’s joint 
operation with New Bullards Bar Reservoir. New Bullards Bar Reservoir 
exceeded its objective release at any increase in inflows. As New Bullards 
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Bar Reservoir was forced to release greater flows, Lake Oroville released 
less to meet objective flows at the downstream control points. However, 
when inflows were increased by 30 percent, the objective release at Lake 
Oroville was exceeded. Objective releases were exceeded at all three 
downstream control points when inflows were increased 20 percent or 
greater. 

These results are translated into identification of threshold exceedence and 
summarized in Table 3-2. Detailed figures showing simulated hydrographs, 
reservoir storage, and thresholds are presented in Appendix A. 

Table 3-2.  Potential Threshold Exceedence by Increase in Inflow 

Control Point 
Potential Threshold Exceedence by Increase in 

Inflow 

0% 10% 20% 30% 40% 50% 
Lake Oroville No No No Yes Yes Yes 
New Bullards Bar Reservoir No Yes Yes Yes Yes Yes 
Yuba River at Marysville No No Yes Yes Yes Yes 
Feather-Yuba Confluence No No Yes Yes Yes Yes 
Nicolaus No No Yes Yes Yes Yes 
Key: 
Green = threshold not exceeded 
Red = threshold exceeded 

This assessment identifies New Bullards Bar Reservoir as a critical point of 
vulnerability within this portion of the flood management system. Lake 
Oroville is likely of less concern under lower levels of inflow increases. 

3.3.2 Likelihood Assessment 
The vulnerability assessment identified components of the flood system 
that would be vulnerable to hydrologic changes. However, for this analysis 
to be useful for planning future flood management system investments, an 
assessment of the likelihood of these changes occurring is required. As 
mentioned, this likelihood assessment was conducted for the pilot study 
using potential changes to atmospheric rivers as an indicator of changing 
atmospheric conditions. 

Figure 3-3 shows results of the atmospheric river analysis, using IWV flux 
as a proxy for atmospheric river intensity. For the 1 percent AEP event, 
relative to a baseline from 1961 through 2000, simulation results from the 
seven GCMs indicate a range of average atmospheric river intensities from 
94 percent to 125 percent from 2046 through 2065, and from 
approximately 91 through 132 percent from 2081 through 2100. The 
simulated change in atmospheric river intensity was similar for each of the 
simulated events. 
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Figure 3-3.  Changes in Estimates of Atmospheric River Intensities 
Based Climate Change Simulations by Seven Global Climate Models 
Using the A2 Emissions Scenario 

These results, while subject to the substantial uncertainties identified in the 
methodology section, confirm that inflow changes modeled in the reservoir 
threshold analyses are within a reasonable range. The higher inflows are 
likely to be conservative. 

3.4 Findings 

The Climate Change Threshold Analysis Approach was designed to result 
in three possible outcomes: (1) threshold exceedence is a potential concern, 
(2) it is not a concern, or (3) further research is required. 

The results of the pilot study indicate that at Lake Oroville, threshold 
exceedence would occur with an approximate 20 to 30 percent increase in 
inflows from the 1 percent AEP event. The results of the likelihood 
analysis, using atmospheric river changes to represent climate change, 
confirm that this increase is within a reasonable range, although it is on the 
upper end of the range. Therefore, threshold exceedence at Lake Oroville 
could indeed be a concern under reasonable simulations of future 
conditions. 

Solid: Changes in AR Intensities, 2081–2100 vs 1961–2000 
Open: Changes in AR Intensities, 2046–2065 vs 1961–2000 
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However, the analysis also shows that New Bullards Bar Reservoir would 
be much more sensitive to inflow changes than Lake Oroville; critical 
thresholds would be crossed at much lower inflow increases, primarily 
because of physical constraints on releases from New Bullards Bar Dam. 
This implies that when pursuing long-term changes to improve flood 
management for the Yuba-Feather river system, it would be more 
reasonable to explore investing in flood management actions at New 
Bullards Bar Dam than at Oroville Dam. 

The pilot study analysis also identified critical data gaps and areas of future 
research. In particular, the analysis was limited by the lack of a relationship 
between atmospheric river intensity and precipitation rates, which would 
make the critical connection that would be necessary for any quantitative 
threshold analysis. Atmospheric river events were used in the pilot study as 
a reasonable proxy, but do not fully represent the potential range of 
changes to extreme precipitation processes under climate change. The pilot 
study did not use an atmospheric-watershed model to connect atmospheric 
river changes to the reservoir operations model because these tools are still 
in development. It was assumed for the purposes of the pilot study that 
simulated changes in atmospheric river events and temperature translated to 
changes in inflow at Lake Oroville. Additional uncertainties that are not 
accounted for in this analysis include uncertainties in watershed controls on 
precipitation processes, the effect of changing freezing elevations, and rain-
on-snow events. As a result of these substantial uncertainties in the 
analysis, this pilot study was conducted at a qualitative level. The results of 
this study are helping guide development of improved modeling tools 
(discussed in Section 2.2.4), which should enable a more quantitative 
analysis for the 2017 CVFPP. 
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5.0 Acronyms and Abbreviations 
°C .............................. degrees Celsius 

°F ............................... Degrees Fahrenheit 

AEP ........................... annual exceedence probability 

AR ............................. Atmospheric River 

BCCA ........................ Bias Corrected Constructed Analogue 

BCSD ........................ Bias Correction and Spatial Disaggregation 

Board ......................... Central Valley Flood Protection Board 

CA ............................. Constructed Analogue 

CAT ........................... Climate Action Team 

CCSDWG .................. Climate Change Scope Definition Work Group 

CCTAWG .................. Climate Change Threshold Analysis Workgroup 

CEC ........................... California Energy Commission 

cfs .............................. cubic feet per second 

cm .............................. centimeter 

CO-CAT ..................... Coastal and Ocean Climate Action Team 

Comprehensive Study Sacramento and San Joaquin River Basins 
Comprehensive Study 

CVFPP ...................... Central Valley Flood Protection Plan 

CVP ........................... Central Valley Project 

CWMS  ...................... Corps Water Management System 

Delta .......................... Sacramento-San Joaquin River Delta 

DWR .......................... California Department of Water Resources 

GCM .......................... Global Climate Model 

HEC-HMS .................. Hydrologic Engineering Center – Hydraulic Modeling 
System 

IPCC .......................... International Panel of Climate Change 
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NOAA ........................ National Oceanic and Atmospheric Administration 

NRC ........................... National Research Council 
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NWS-RFS .................. National Weather Service River Forecasting System 

O&M .......................... operations and maintenance 

OPC ........................... Ocean Protection Council 

PRMS ........................ Precipitation-Runoff Modeling System 

SPFC ......................... State Plan of Flood Control 

State .......................... State of California 

SWP .......................... State Water Project 

USACE ...................... U.S. Army Corps of Engineers 

USGS ........................ U.S. Geological Survey 

VIC ............................. Variable Infiltration Capacity 
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Figure A-1.  Zero Percent Increase in Inflows 
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Figure A-2.  Ten Percent Increase in Inflows 
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Figure A-3.  Twenty Percent Increase in Inflows 
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Figure A-4.  Thirty Percent Increase in Inflows 
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Figure A-5.  Forty Percent Increase in Inflows 
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Figure A-6.  Fifty Percent Increase in Inflows 
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1.0 Introduction 
This section states the purpose of this attachment, gives background 
information (including a description of planning areas, goals, and 
approaches) and provides an overview of the report organization. 

1.1 Purpose of this Attachment 

Legislative direction to improve the performance and eliminate deficiencies 
of State Plan of Flood Control (SPFC) facilities and to develop a prioritized 
list of recommended actions is described in California Water Code Section 
9616. Section 9616 requires that the Central Valley Flood Protection Plan 
(CVFPP) shall, whenever feasible, meet multiple objectives, including each 
of the following: 

• Identify opportunities for reservoir reoperation in conjunction with 
groundwater storage 

• Link the flood protection system with the water supply system 

This document summarizes the approach and findings of an evaluation of 
groundwater recharge project types and general locations that could be 
used to integrate groundwater recharge and groundwater storage with the 
flood management system for the dual benefits of increasing flood 
management flexibility and water supply reliability. The findings help 
inform the formulation and evaluation of the State’s Systemwide 
Investment Approach presented in the 2012 CVFPP. The initial 
identification of opportunities is based primarily on a review of past studies 
and preliminary findings from flood management analyses completed for 
the 2012 CVFPP. 

1.2 Background 

Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the CVFPP, for adoption by the Central Valley Flood Protection 
Board (Board).  The 2012 CVFPP provides a systemwide approach to 
protecting lands currently protected from flooding by existing facilities of 
the SPFC, and will be updated every 5 years. 
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As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta). 

1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

• Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 

This analysis of potential groundwater recharge projects that could be used 
to integrate groundwater storage with the flood management system 
considered the possibility of recharging water at locations both within and 
outside the SPFC and Systemwide planning areas. Evaluating opportunities 
outside the Systemwide Planning Area was important because these areas, 
located farther from established surface water channels, often have greater 
available groundwater storage capacity, as described below. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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1.4 2012 CVFPP Planning Process 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals: 

- Improve Operations and Maintenance 

- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 

Integrating groundwater storage with the flood management system was 
identified as a potential management action that could help meet the 
primary goal of improving flood risk management while also providing the 
benefit of improved water supply reliability. 

1.5 2012 CVFPP Planning Approaches 

In addition to No Project, three fundamentally different preliminary 
approaches to flood management were initially compared to explore 
potential improvements in the Central Valley.  These preliminary 
approaches are not alternatives; rather, they bracket a range of potential 
actions and help explore trade-offs in costs, benefits, and other factors 
important in decision making.  The preliminary approaches are as follows: 

• Achieve SPFC Design Flow Capacity – Address capacity 
inadequacies and other adverse conditions associated with existing 
SPFC facilities, without making major changes to the footprint or 
operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 
populations at highest risk, including urban areas and small 
communities. 

• Enhance Flood System Capacity – Seek various opportunities to 
achieve multiple benefits through enhancing flood system storage and 
conveyance capacity. 
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Comparing these preliminary approaches helped identify the advantages 
and disadvantages of different combinations of management actions, and 
demonstrated opportunities to address the CVFPP goals to different 
degrees. 

Based on this evaluation, a State Systemwide Investment Approach was 
developed that encompasses aspects of each of the approaches to balance 
achievement of the goals from a systemwide perspective, and includes 
integrated conservation elements.  Figure 1-2 illustrates this plan 
formulation process. 

 
Figure 1-2.  Formulation Process for State Systemwide Investment Approach 

1.6 Report Organization 

Organization of this document is as follows: 

• Section 1 introduces and describes the purpose of this report. 

• Section 2 summarizes the approach and methodologies used to evaluate 
groundwater storage opportunities. 

• Section 3 describes the mechanisms by which groundwater recharge 
occurs and physical factors affecting groundwater recharge rates. 

• Section 4 summarizes results for the different categories of 
groundwater recharge identified for this analysis. 

• Section 5 describes the conclusions drawn from the analysis of 
groundwater storage opportunities in conjunction with flood 
management. 
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• Section 6 contains references for the sources cited in this document. 

• Section 7 lists abbreviations and acronyms used in this document. 
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2.0 Approach and Methodology 
Three categories of groundwater projects for integrating groundwater 
recharge with the flood management system were identified and evaluated 
for this attachment: 

• Category I – Groundwater recharge projects associated with 
operational changes to existing reservoirs. 

• Category II – Groundwater recharge projects associated with capturing 
unappropriated floodflows. 

• Category III – Groundwater recharge projects associated with 
modified or new floodplain storage. 

Each category was qualitatively evaluated to determine how it could serve 
to improve flood risk management and water supply reliability. The 
evaluation consisted of describing groundwater recharge mechanisms and 
physical factors influencing recharge (see Section 3), compiling 
information from prior studies of groundwater recharge in the Central 
Valley (see Section 4), and a basin-scale evaluation of potential recharge 
locations for the three groundwater project types based on historical 
groundwater elevation data and basin-scale soils data (see Section 4). 
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3.0 Groundwater Recharge 
Mechanisms and Physical Factors 
Affecting Recharge Rates 

Groundwater aquifers are naturally recharged through several processes, 
including infiltration of precipitation falling on the land surface and 
infiltration of surface water (e.g., from lakes and rivers) through the 
unsaturated zone to the water table. In addition to natural mechanisms, 
managed groundwater recharge mechanisms can be applied in several 
forms, including the following: 

• Recharge Basins – Water can be applied to percolation ponds, bermed 
and flooded fields, or excavated pits to directly recharge an underlying 
target aquifer (Figure 3-1). 

• Injection Wells – Injection wells can be used to directly recharge deep 
or confined aquifers (Figure 3-1). 

• In-Channel Recharge – Groundwater recharge can be enhanced by 
releasing greater than normal amounts of water to streams or unlined 
canals in locations where the stream or canal discharges to the aquifer 
(i.e., losing reaches) (see Figure 3-1). 

• In-Lieu Recharge – In-lieu recharge is a special case of natural 
recharge.  In times of surplus surface water, water users who are 
traditionally supplied by groundwater are instead given access to 
surface water. By using surface water, users allow that same amount of 
water to remain in storage as groundwater. 
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Source: Groundwater and Surface Water in Southern California: A Guide to Conjunctive Use 
(Association of Groundwater Agencies, 2002) 
Figure 3-1.  Groundwater Recharge Mechanisms 

Managed groundwater recharge projects may require land acquisition, 
construction and maintenance of the recharge facility (recharge basins or 
wells), conveyance facilities to transport surface water to the facility or to 
users in the case of in-lieu recharge, retrieval facilities (i.e., pumping 
wells), and monitoring of the recharged groundwater. 

Additional discussion of groundwater recharge mechanisms and 
requirements of managed groundwater recharge projects can be found in 
the California Water Plan Update 2009 (DWR). 

Several physical parameters that determine the suitability of a potential site 
for providing groundwater recharge benefits were identified and 
summarized below. Not all physical parameters are important for every 
recharge mechanism (e.g., the requirements for recharge basins are 
different than those for in-lieu recharge). Important physical parameters 
include the following: 

• Available Groundwater Storage Capacity – Available storage 
capacity is defined as the volume of a basin that is unsaturated and 
capable of storing additional groundwater. It is typically computed as 
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the product of the empty volume of the basin and the average specific 
yield of the unsaturated part of the basin. The available storage capacity 
does not include the uppermost portion of the unsaturated zone, in 
which saturation could cause problems such as crop root damage or 
increased liquefaction potential. Areas where the water table elevation 
has been depressed by groundwater extraction or long-term climatic 
conditions provide the greatest opportunities for groundwater recharge, 
while areas where the aquifer is relatively “full” do not. In general, 
aquifers in the San Joaquin Valley Groundwater Basin have larger 
storage capacity than those in the Sacramento Valley Groundwater 
Basin. 

• Suitability of Soils – For most direct recharge methods, recharge 
volume is controlled by the rate at which water can infiltrate into the 
soil. Infiltration capacity is a measure of the volume of water that can 
be recharged per unit of time and is determined by soil moisture, 
saturated hydraulic conductivity, and moisture potential. Infiltration 
capacity of a basin can decrease through time due to clogging of pore 
space within the upper soil horizon. Routine maintenance may be 
required to maintain infiltration capacity at the sites. 

• Aquifer Suitability – Water must not only migrate through the 
surficial soils, as described above, but it must also travel to the aquifer 
system that is used for regional or local groundwater supply. In the 
various depositional systems found in the Central Valley, there are 
locations where surface soils with high infiltration capacities overlie 
less permeable aquifer units. These less permeable units impede the 
flow of infiltrated water and prevent the water from reaching the target 
aquifer. In these cases, water infiltrates to only relatively shallow 
depths and then moves laterally, often discharging to downgradient 
surface water bodies. The degree to which water moves down through 
the shallow aquifers is often related to the degree of interconnectedness 
of coarse-grained deposits. 

• Capacity for Recovery of Recharged Groundwater – To be 
considered a water supply benefit, water recharged at these facilities 
must be recoverable. To recover the water, a sufficient number of wells 
must be present near the sites to extract water from the target aquifers. 
Energy requirements need to be considered during planning to make 
groundwater costs economically viable. In general, the more 
transmissive an aquifer and the shallower the depth to water, the 
cheaper it will be to recover recharged water. Some portion of 
recharged water is not recoverable. Determining the percentage of 
recharged water that can be considered legally recoverable requires 
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Issues Facing Managed Groundwater 
Storage 
A number of issues facing managed groundwater 
storage were identified in the California Water Plan 
Update 2009 (DWR) and those issues are 
summarized below: 

Uncertainty exists in the amount of surface water 
available for managed groundwater storage. 

Securing funding for potentially costly managed 
recharge activities can be difficult. The benefits of 
groundwater recharge activities must outweigh the 
associated costs. 

Uncertainty exists on the impact of groundwater 
pumping on surface water flows and aquatic 
ecosystems due to interconnectedness of hydrologic 
systems. 

Costs associated with siting new or enlarged recharge 
facilitates can be high. 

Uncertainty and inconsistency can exist in the 
regulation of managed aquifer recharge with respect 
to water quality. 

The data and tools needed to develop managed 
groundwater storage projects are often lacking. 

Infrastructure and operational constraints sometimes 
make managed groundwater storage difficult. 

Degradation of groundwater quality can be a concern 
if the recharged water is not of good quality. 

Managed groundwater recharge projects can have 
environmental impacts such as disturbing natural 
habitat. 

Uncertainty exists with respect to the impact that 
climate change may have on surface water flows and 
the water that could be available for managed 
groundwater storage projects. 

development of accounting tools, groundwater monitoring networks, 
and groundwater modeling tools. 

• Water Quality – Groundwater basin water quality is an important 
concern for recharging groundwater that can be used later for 

agricultural or municipal use. 
Important constituents will vary based 
on the intended end use of the water, 
but can include total dissolved solids 
(TDS), lead, arsenic, boron, and 
organics. Taste of extracted water is 
an important concern for municipal 
use. 

A number of other issues, including 
who will own the stored water and 
whether they have the capacity to use 
it locally or transfer it elsewhere, 
would need to be considered in 
ultimately assessing the viability of a 
site for managed groundwater 
recharge. These issues are described 
in DWR’s California Water Plan 
Update 2009 (see sidebar). 
Evaluation of these other issues was 
beyond the scope of this report. These 
issues will be a part of subsequent 
and more detailed evaluations that 
would be required to implement 
identified opportunities for 
integrating groundwater storage with 
the flood management system. 
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4.0 Results 
Information from previous studies of groundwater recharge in the Central 
Valley was compiled to inform the discussion of groundwater recharge in 
the context of flood management. The review focused on basin-scale 
studies and selected site-specific studies, although this review was not 
intended to include every historical groundwater recharge study for the 
Central Valley. One of the primary historical documents used was the 
Hydrogeologic Suitability of Potential Groundwater Banking Sites in the 
Central Valley of California study (Purkey and Thomas, 2001). This study 
documented a screening process to identify suitable sites throughout the 
Central Valley for groundwater recharge via recharge basins; several of 
those sites are summarized in Table 4-1. A subset of the sites evaluated in 
the 2001 Purkey and Thomas study were also used for the Conjunctive Use 
for Flood Protection study (USACE, 2002a), which evaluated conjunctive 
use of surface water reservoirs and groundwater aquifers for the purpose of 
increased flood protection. While the 2001 Purkey and Thomas study and 
the 2002 U.S. Army Corps of Engineers (USACE) study both focused on 
groundwater recharge in conjunction with changes in existing reservoir 
operations, the sites these two studies evaluate could also be applicable for 
storing floodflows as long as the necessary conveyance facilities exist or 
could be constructed. 

4.1 Review of Groundwater Recharge Potential 
In the Central Valley 

Two figures (4-1 and 4-2) were prepared to aid in visualizing potential 
groundwater recharge project opportunities in the Sacramento Valley and 
San Joaquin Valley, respectively. The figures show the locations of 
selected sites from the 2001 Purkey and Thomas study, as well as the 
locations of several other existing or potential groundwater recharge sites. 
The figures also show the locations of existing or potential in-lieu recharge 
areas and locations of potential modified or new floodplain storage. These 
sites are evaluated by presenting them in relation to suitability of soils and 
available groundwater storage capacity, two of the five important physical 
factors. These two important physical factors were used to screen potential 
opportunities for groundwater recharge in conjunction with the flood 
management system. The other three important physical factors – aquifer 
suitability, capacity for recovery of recharged groundwater, and water 
quality – were addressed qualitatively on a case-by-case basis (see Table 
4-1). 
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Figures 4-1 and 4-2 include information on the hydrologic soil grouping of 
surface soils, as indicated from the U.S. Department of Agriculture Natural 
Resources Conservation Service (NRCS) State Soil Geographic 
(STATSGO) Database. Surface soils in the STATSGO dataset are placed in 
one of four hydrologic groupings based on estimates of runoff potential. 
These hydrologic groupings are indicative of suitability of soils for 
groundwater recharge. The hydrologic soil groups are defined by NRCS as 
follows: 

• Group A – Soils having a high infiltration rate (low runoff potential) 
when thoroughly wet. These consist mainly of deep, well-drained to 
excessively drained sands or gravelly sands. These soils have a high 
rate of water transmission. 

• Group B – Soils having a moderate infiltration rate when thoroughly 
wet. These consist chiefly of moderately deep or deep, moderately 
well-drained or well-drained soils that have moderately fine texture to 
moderately coarse texture. These soils have a moderate rate of water 
transmission. 

• Group C – Soils having a slow infiltration rate when thoroughly wet. 
These consist chiefly of soils with a layer that impedes the downward 
movement of water or soils of moderately fine texture or fine texture. 
These soils have a slow rate of water transmission. 

• Group D – Soils having a very slow infiltration rate (high runoff 
potential) when thoroughly wet. These consist chiefly of clays with a 
high shrink-swell potential, soils that have a high water table, soils that 
have a claypan or clay layer at or near the surface, and soils that are 
shallow over nearly impervious material. These soils have a very slow 
rate of water transmission. 

The hydrologic soil groupings, as plotted in Figures 4-1 and 4-2, are highly 
generalized (i.e., they are intended for basin-scale studies). Site-specific 
studies on infiltration rates will be needed in the feasibility study phase of a 
project before implementation. The brown shaded areas in Figures 4-1 and 
4-2 represent the two hydrologic soil groupings (Groups A and B) with the 
greatest anticipated infiltration rates. 

Figures 4-1 and 4-2 also show representative depth-to-water symbols for 
several sites. Depth to water is indicative of available groundwater storage 
capacity in unconfined aquifers, and was determined from measurements 
available in the DWR Water Data Library database. The methodology for 
determining representative depth to water was to use data for all 
groundwater wells in a 4-mile-square centered on the site. Historical depth 
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to water was averaged for each well in the square, and individual well 
averages were averaged to form an aggregate average depth to water for 
each project site. Wells with no monitoring data after 2000 were not used 
for the calculations. It should be noted that this methodology could be 
improved with additional monitoring data, or with more specific 
information about screen intervals for the wells used. However, this 
information is not often readily available for older wells. The figures show 
that generally more groundwater storage space is available in the San 
Joaquin Valley than the Sacramento Valley. The figures do not show 
potential or actual recharge opportunities in the Tulare Basin. Purkey and 
Thomas (2001) found that sites in the Tulare Groundwater Basin generally 
had greater storage capacities than other locations in the Central Valley. 

One potential improvement for future studies would be to develop a 
Central-Valley-wide surface representing depth to water. This depth-to-
water surface could be a widely distributed indicator for available storage 
capacity, compared to the point measurements calculated for this 
evaluation. However, development of such a surface would require an 
adequate distribution of groundwater monitoring locations and a relatively 
contemporaneous depth-to-groundwater data set, and may require 
application of professional judgment thresholds (e.g., excluding water level 
data from wells screened below a certain depth). 

Following is a summary of evaluation results for each category of 
opportunities for integrating groundwater recharge with the flood 
management system. 

4.2 Category I. Groundwater Recharge Projects 
Associated with Operational Changes to 
Existing Reservoirs 

Operational rules for reservoirs can be changed to increase flood pools (i.e., 
reservoir storage space available to capture upstream floodwater), thereby 
providing increased downstream flood protection. The practical impact of 
such a change would be increased releases from the reservoir before flood 
season. Changing reservoir operations in this way could be done in 
conjunction with coordinated groundwater recharge activities to store 
released water in subsurface aquifers.  Reservoir storage previously 
reserved for water supply would be transferred to a groundwater aquifer, 
making that space available for flood operations. The Conjunctive Use for 
Flood Protection study (USACE, 2002a), which was completed for the 
Sacramento and San Joaquin River Basins Comprehensive Study 
(Comprehensive Study) (USACE, 2002b) identified up to 400 thousand 
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acre-feet (TAF) of additional flood storage space, which was termed the 
Conjunctive Use pool, in the Sacramento Valley and 343 TAF in the San 
Joaquin Valley.  For the Sacramento Valley, New Bullards Bar, Oroville, 
and Folsom Reservoirs were studied and for the San Joaquin Valley, Friant 
Dam/Millerton Lake, New Don Pedro Reservoir, and New Exchequer 
Dam/Lake McClure were studied. Although groundwater recharge for the 
Comprehensive Study was assumed to occur through direct methods such 
as recharge basins, recharge could also be implemented via injection wells 
or in-lieu methods. 

A decision or recommendation to change reservoir operations for flood 
control benefits would need to be made with the understanding of the 
impact of such a change on water supply, water quality, environmental 
flow requirements, and contracted water delivery requirements. Because of 
the complexity of the operational decisions this would entail, this 
evaluation does not further analyze groundwater recharge benefits 
associated with changes in reservoir operations. DWR’s ongoing System 
Reoperation Study can appropriately evaluate potential flood management 
benefits that might accrue from changes in reservoir operations. 

4.3 Category II. Groundwater Recharge Projects 
Associated with Capturing Unappropriated 
Floodflows 

Floodflows can be directly diverted from rivers to provide water supply 
benefits. The benefits may be immediate (i.e., diverting water directly for 
consumptive use) or deferred (i.e., groundwater recharge actions that allow 
the water to be extracted and used at a later time). This category of 
opportunities is largely locally driven with potential support provided by 
State and federal agencies. An example source of water for these activities 
is water released from federal storage facilities pursuant to Section 215 of 
the Reclamation Reform Act. Section 215 water is nonstorable and is made 
available on an annual basis to downstream users for reduced prices when 
certain conditions (e.g., heavy rainfall, snowmelt) result in larger than 
normal river flows. One potential limitation of using floodflows for 
consumptive use is the high sediment load that is sometimes present; this is 
generally of greater concern for municipal types of use than for agricultural 
use. One example of water directly using floodflows is the Friant Division 
contractors, who can accept Section 215 water released from Millerton 
Lake and convey the water using the Madera and Friant-Kern canals. 
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Deferred benefit opportunities could include many of the ongoing in-lieu 
and managed groundwater recharge projects in the Central Valley, as 
shown in Figures 4-1 and 4-2. Although not all of these projects, or 
potential recharge sites, were initiated with the purpose of capturing 
floodflows, they could be modified to accept floodflows if sufficient 
conveyance capacity were available. A few examples of these projects are 
briefly summarized below: 

• Sacramento Groundwater Authority Banking and Exchange Pilot 
Program – In 1999/2000, a pilot study was conducted among the 
Sacramento Groundwater Authority (SGA), Sacramento Area Flood 
Control Agency (SAFCA), and the U. S. Department of the Interior, 
Bureau of Reclamation, to exercise the groundwater storage potential of 
the region and investigate the mechanics of a large-scale banking and 
exchange program. In this pilot study, SAFCA diverted and stored 
(banked) 2,100 acre-feet of water in the basin. The following year, 
surface water in the amount of 1,995 acre-feet was made available by 
exchange through the extraction of groundwater in-lieu of diverting a 
Central Valley Project supply from Folsom Lake (MWH, 2002). 

• Farmington Groundwater Recharge Program –One example of a 
project with federal partnership is the Farmington Groundwater 
Recharge Program. USACE has partnered with Stockton East Water 
District to store up to 35,000 acre-feet per year of flood flows in local 
aquifers via direct recharge methods. This recharge water is intended to 
help arrest the overdraft condition of the Eastern San Joaquin 
Groundwater Basin and increase water supply reliability to the region 
(http://www.farmingtonprogram.org/) (see Farmington in Figure 4-2). 

• Madera Irrigation District Water Supply Enhancement Project – 
The proposed Madera Irrigation District Water Supply Enhancement 
Project would create a water bank to recharge groundwater at natural 
swales and constructed recharge basins. The purpose of the project is to 
increase water supply reliability, reduce aquifer overdraft, reduce 
groundwater pumping costs, increase the quality of groundwater, and 
encourage conjunctive use projects (Reclamation, 2011) (see Madera 
Ranch in Figure 4-2). 

• Kern Water Bank – The Kern Water Bank Authority, a Joint Powers 
Authority created in 1995, operates the Kern Water Bank. The Kern 
Water Bank occupies approximately 30 square miles of the 
southwestern San Joaquin Valley southwest of Bakersfield on the Kern 
River alluvial fan. The Kern Water Bank is capable of storing over 1 
million acre-feet (MAF) on a long-term basis, and has stored 
approximately 1.7 MAF since the beginning of the water banking 

http://www.farmingtonprogram.org/
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program. Approximately 240,000 acre-feet per year can be withdrawn 
using water supply wells located throughout the water bank. The well 
system is connected to the Kern Water Bank Canal, California 
Aqueduct, and Cross Valley Canal (http://www.kwb.org/). 

Several additional potential project locations are shown in Figures 4-1 and 
4-2, including groundwater banking sites that were identified in The 
Hydrogeologic Suitability of Potential Groundwater Banking Sites in the 
Central Valley of California study by Purkey and Thomas (2001). 

4.4 Category III. Groundwater Recharge Projects 
Associated with Modified or New Floodplain 
Storage 

Category III opportunities encompass any incidental groundwater recharge 
associated with potential floodplain storage or any actions designed to 
enhance groundwater recharge for water supply benefits as a result of 
floodplain storage. Inundation of floodplain storage areas would typically 
occur relatively infrequently and for short durations.  Potential floodplain 
storage areas could include areas where levees are set back, designated 
flood easements, potential bypass expansion areas, and areas where titles 
are purchased for permanent floodplain storage facilities. 

In addition to inundation frequency and duration, the water supply benefit 
associated with this category is directly related to the physical properties 
that govern the volume and rate at which water can be infiltrated through 
the soil and into the target aquifer. These properties include soil 
permeability (both at land surface and throughout the entire unsaturated 
zone) and water tables that are low enough to provide storage space for 
recharged water. 

Soil hydrologic classifications and depth-to-groundwater conditions shown 
in Figures 4-1 and 4-2 allow for an initial screening for evaluating recharge 
potential at locations where potential floodplain storage may occur. As 
shown in Figure 4-2, some areas have potentially permeable soils along the 
San Joaquin River between its confluence with the Merced River and 
confluence with the Stanislaus River. However, the depth-to-groundwater 
is shallow, suggesting little capacity for storing groundwater through 
artificial recharge.  Additional analysis may be required to evaluate specific 
groundwater recharge sites that are collocated with potential floodplain 
storage areas because the data evaluated for this attachment do not contain 
sufficient detail to determine site-specific soil properties. 

http://www.kwb.org/
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Figure 4-1.  Groundwater Recharge Opportunities Identified in Sacramento Valley 
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Figure 4-2.  Groundwater Recharge Opportunities Identified in San Joaquin Valley 
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Table 4-1.  Survey of Potential Groundwater Recharge Projects and Sites in Central Valley 

Site Name Location 
Description 

Recharge 
Mechanism 

Distance From 
River (miles) 

Available Storage 
Volume/Capacity Water Quality Soil Suitability Aquifer Suitability 

Groundwater 
Extraction 
Facilities 

Project Status 
Opportunity for 
Integration with 

Flood 
Management 

Sacramento Valley System 

Sacramento Valley 
Conjunctive Use 
Program 

Northern 
Sacramento Valley In Lieu N/A 

Storage capacity is 
relatively small (i.e., basin is 
generally full); basin would 
need to be exercised to 
create storage 

Unknown N/A N/A Depends on program 
implementation Feasibility Study 

Limited by full aquifer, 
high cost to 
implement 

Yuba County 
Water Agency 
Conjunctive Use 
Programs 

Yuba County/Yuba 
groundwater 
subbasins 

In Lieu N/A 

Yuba groundwater 
subbasins are generally full 
as a result of historical 
surface water deliveries 

Generally very good N/A N/A Yes 

Groundwater 
basin is being 
exercised through 
groundwater 
substitution 
transfers  

Limited; no additional 
flood storage 
operations have been 
identified at New 
Bullards Bar 
Reservoir 

SGA-SAFCA Sacramento area In Lieu N/A 
Approximately 500 TAF 
total available storage 
space  

N/A N/A Yes 
Pilot/ 
Implementation 
Phase 

Successful pilot test 
of integrated 
groundwater banking 
and flood operations 

Colusa Basin 
Conjunctive Use 
Opportunities 

Western 
Sacramento Valley 

Direct Recharge, 
In Lieu N/A Unknown Unknown 

Some good site-specific 
soil permeability 
corresponding to alluvial 
fan deposits associated 
with western foothill 
streams 

N/A Depends on program 
implementation Conceptual 

Limited by full aquifer, 
high cost to 
implement, limited 
public acceptance 

San Joaquin Valley System 

Mokelumne River 
Regional Water 
Storage and 
Conjunctive Use 
Project 

San Joaquin 
County 

In Lieu  and/or 
Direct Recharge  

Varies, in vicinity 
of Mokelumne 
River 

Program is targeting as 
much as 157 TAF/year of 
new water supply to help 
arrest groundwater 
overdraft and increase 
water supply reliability 

One project goal is to 
reduce saline water 
intrusion in the basin 

N/A 

This site is located in an 
area of overdraft 
conditions, making it 
suitable for groundwater 
recharge and banking 
operations 

Yes Feasibility Study Promising physical 
conditions  

Farmington 
Groundwater 
Recharge Program 

Eastern San 
Joaquin County Direct Recharge Varies, in vicinity 

of Calaveras River 

Program is targeting as 
much as 35 TAF/year in 
groundwater recharge 

One objective of the 
project is to establish 
a barrier to saline 
water intrusion 

Pilot studies at several 
sites have demonstrated 
suitable soil conditions 

Project is located near 
areas of overdraft Yes 

Pilot/ 
Implementation 
Phase 

Pilot studies 
demonstrated 
feasibility of 
recharging target 
aquifer 

Hetch Hetchy 
Aqueduct 

East of San 
Joaquin River, 
between Stanislaus 
and Tuolumne 
Rivers 

Possible 
Floodplain 
Storage, Direct 
Recharge 

3 miles to 
Tuolumne River; 
3.5 miles to San 
Joaquin River 

Groundwater elevations are 
high in this area; Purkey 
and Thomas (2001) 
identified a maximum of 
0.01 MAF of storage space 
(based on fall 1997 water 
levels) beneath this 4 mi2 
hypothetical basin; 
Conjunctive Use for Flood 
Protection study (USACE, 
2002a) calculated a range 
of storage capacity from 0.3 
to 1.6 TAF/mi2 of recharge 
area 

Water quality in this 
area is generally 
very good (Purkey 
and Thomas, 2001) 

Good site-specific soil 
permeability, little to no 
hardpan. Conjunctive Use 
for Flood Protection study 
(USACE, 2002a) 
assumed Kv = 0.8 ft/d. 

This site is located in the 
Modesto geologic 
formation, which Purkey 
and Thomas (2001) ranked 
as a medium formation for 
groundwater recharge; 
paleosols were absent and 
permeability was moderate 

Depends on program 
implementation Conceptual 

Low unless 
conjunctive use of 
groundwater creates 
storage space 
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Table 4-1.  Survey of Potential Groundwater Recharge Projects and Sites in the Central Valley (contd.) 

Site Name Location 
Description 

Recharge 
Mechanism 

Distance From 
River (miles) 

Available Storage 
Volume/Capacity Water Quality Soil Suitability Aquifer Suitability 

Groundwater 
Extraction 
Facilities 

Project Status 

Opportunity for 
Groundwater 

Recharge with 
Flood 

Management 

Dry Creek East of Modesto Direct Recharge 1 mile to 
Tuolumne River 

Purkey and Thomas (2001) 
identified a maximum of 0.02 
MAF beneath this 4 mi2 
hypothetical basin; Conjunctive 
Use for Flood Protection study 
(USACE, 2002a) calculated a 
range of storage capacity from 
6.6 to 12.7 TAF/mi2 of recharge 
area 

Good basin and site-
specific water quality 
(Purkey and 
Thomas, 2001) 

Good site-specific soil 
permeability, little to no 
hardpan; Conjunctive 
Use for Flood Protection 
study (USACE, 2002a) 
assumed Kv = 1 ft/d 

This site is located in the 
Modesto geologic 
formation, which Purkey 
and Thomas (2001) ranked 
as a medium formation for 
groundwater recharge; 
paleosols were absent and 
permeability was moderate 

Depends on program 
implementation Conceptual 

Identified in basin-
scale study as 
having suitable 
recharge 
characteristics 

Montpellier East of Turlock Direct Recharge 

5.5 miles to 
Tuolumne River, 
8.5 miles to 
Merced River 

Purkey and Thomas (2001) 
identified a maximum of 1.04 
MAF beneath this 4 mi2 
hypothetical basin; Conjunctive 
Use for Flood Protection study 
(USACE, 2002a) calculated a 
range of storage capacity from 
19.1 to 26.4 TAF/mi2 of recharge 
area 

Relatively good 
basin and good site-
specific water quality 
(Purkey and 
Thomas, 2001) 

Good site-specific soil 
permeability, little 
hardpan; Conjunctive 
Use for Flood Protection 
study (USACE, 2002a) 
assumed Kv = 1 ft/d 

Located in Tulare geologic 
formation, which has 
similar characteristics to, 
but is somewhat thinner 
than, Modesto Formation 
noted above 

Depends on program 
implementation Conceptual 

Identified in basin-
scale study as 
having suitable 
recharge 
characteristics 

Owens Creek 

East of San 
Joaquin River 
between the 
Merced and 
Chowchilla rivers 

Direct Recharge 3 miles to San 
Joaquin River 

Purkey and Thomas (2001) 
identified a maximum of 0.79 
MAF beneath this 4 mi2 
hypothetical basin; Conjunctive 
Use for Flood Protection study 
(USACE, 2002a) calculated a 
range of storage capacity from 
1.3 to 4.5 TAF/mi2 of recharge 
area 

Purkey and Thomas 
(2001) noted good 
water quality in the 
Merced basin, but 
poor water quality at 
this specific site, 
particularly in regard 
to high TDS 

Low site-specific soil 
permeability, little to no 
hardpan; Conjunctive 
Use for Flood Protection 
study (USACE, 2002a) 
assumed Kv =  0.2 ft/d 

This site is located in the 
Modesto geologic 
formation, which Purkey 
and Thomas (2001) ranked 
as a medium formation for 
groundwater recharge; 
paleosols were absent and 
permeability was moderate 

Depends on program 
implementation Conceptual 

Identified in basin-
scale study as 
having suitable 
recharge 
characteristics 

Chowchilla Bypass 

Northeast of 
Fresno River 
upstream from 
confluence with 
San Joaquin River 

Direct Recharge 1.5 miles to 
Fresno River 

Purkey and Thomas (2001) 
identified a maximum of 0.32 
MAF beneath this 4 mi2 basin; 
also noted condition of overdraft 
that could be slowed or reverse 
through groundwater recharge; 
Conjunctive Use for Flood 
Protection study (USACE, 
2002a) calculated a range of 
storage capacity from 6.6 to 12.5 
TAF/mi2 of recharge area 

Purkey and Thomas 
(2001) ranked the 
Chowchilla basin 
low for water quality, 
primarily because of 
elevated lead 
concentrations; site-
specific water quality 
was mediocre 

Moderately low site-
specific soil permeability, 
some hardpan; 
Conjunctive Use for 
Flood Protection study 
(USACE, 2002a) 
assumed Kv = 0.5 ft/d 

This site is located in the 
Modesto geologic 
formation, which Purkey 
and Thomas (2001) ranked 
as a medium formation for 
groundwater recharge; 
paleosols were absent and 
permeability was moderate 

Depends on program 
implementation Conceptual 

Identified in basin-
scale study as 
having suitable 
recharge 
characteristics 

Gravelly Ford 

East and north of 
San Joaquin River, 
upstream from 
Mendota Pool 

Direct Recharge 6.5 miles to San 
Joaquin River 

Purkey and Thomas (2001) 
identified a maximum of 3.61 
MAF beneath this 4 mi2 
hypothetical basin; Conjunctive 
Use for Flood Protection study 
(USACE, 2002a) calculated a 
range of storage capacity from 
14.7 to 16.7 TAF/mi2 of recharge 
area 

Overall water quality 
in the Madera basin 
is mediocre (Purkey 
and Thomas, 2001), 
primarily concern is 
elevated lead; site-
specific water quality 
was good 

Moderately low site-
specific soil permeability, 
little hardpan (Purkey 
and Thomas, 2001); May 
be other sites in this 
area with better soil 
conditions; Conjunctive 
Use for Flood Protection 
study (USACE, 2002a) 
assumed Kv = 1 ft/d 

This site is located in the 
Modesto geologic 
formation, which Purkey 
and Thomas (2001) ranked 
as a medium formation for 
groundwater recharge; 
paleosols were absent and 
permeability was moderate 

Depends on program 
implementation Conceptual 

Identified in basin-
scale study as 
having suitable 
recharge 
characteristics 
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Table 4-1.  Survey of Potential Groundwater Recharge Projects and Sites in the Central Valley (contd.) 

Site Name Location 
Description 

Recharge 
Mechanism 

Distance From 
River (miles) 

Available Storage 
Volume/Capacity Water Quality Soil Suitability Aquifer Suitability 

Groundwater 
Extraction 
Facilities 

Project Status 

Opportunity for 
Groundwater 

Recharge with 
Flood 

Management 

Madera Irrigation 
District Water 
Supply 
Enhancement 
Project 

Madera/Fresno area Direct Recharge 6.5 miles to San 
Joaquin River 

Maximum recharge and 
recovery capacity of 55 TAF 
annually; approximately 400 
TAF available storage 
capacity beneath Madera 
Ranch 

Improvement of 
groundwater quality is 
one of stated goals of 
project 

  

Construction of 
recovery facilities 
was included in 
the description of 
project 
alternatives in 
environmental 
documentation 

Record of Decision 
signed August 2011 
(    ) 

Promising physical 
conditions; 
environmental 
documentation 
noted the ability for 
the district to take 
Friant Section 215 
Water 

Little Dry Creek 

North of the San 
Joaquin River, 
downstream from 
Friant Dam 

Direct Recharge 5 miles to San 
Joaquin River 

Purkey and Thomas (2001) 
identified a maximum of 4.37 
MAF beneath a 4 mi2 
hypothetical basin; also 
noted condition of overdraft 
that could be slowed or 
reversed through 
groundwater recharge; 
Conjunctive Use for Flood 
Protection study (USACE, 
2002a) calculated a range of 
storage capacity from 32.1 
to 47.6 TAF/mi2 of recharge 
area. 

Overall water quality 
in the Madera basin is 
mediocre (Purkey and 
Thomas, 2001); 
primarily concern is 
elevated lead; site-
specific water quality 
was good 

Medium site-specific 
soil permeability, little 
hardpan; Conjunctive 
Use for Flood 
Protection study 
(USACE, 2002a) 
assumed Kv = 1.0 ft/d 

Located in Tulare 
geologic formation, 
which has similar 
characteristics to, but 
is somewhat thinner 
than, Modesto 
Formation noted 
above 

Depends on 
program 
implementation 

Conceptual 

Identified in basin-
scale study as 
having suitable 
recharge 
characteristics 

James Bypass Madera/Fresno area Direct Recharge 14 miles from San 
Joaquin River 

Purkey and Thomas (2001) 
identified a maximum of 6.13 
MAF beneath this 4 mi2 
hypothetical basin; also 
noted condition of overdraft 
that could be slowed or 
reversed through 
groundwater recharge; 
Conjunctive Use for Flood 
Protection study (USACE, 
2002a) calculated a range of 
storage capacity from 24.0 
to 37.8 TAF/mi2 of recharge 
area 

  

Purkey and Thomas 
(2001) ranked the 
Alluvial Fan Deposits 
beneath this site low 
in their Geology Sub-
Index 

Depends on 
program 
implementation 

Conceptual 

Identified in basin-
scale study as 
having suitable 
recharge 
characteristics 

Projects off the 
Friant-Kern Canal 
and Madera Canal 

Friant Service area Direct Recharge, 
In Lieu N/A Site-specific Site-specific Site-specific Site-specific Site-specific 

Projects range from 
initial planning to 
implementation 

Modeling indicates 
water is available 
and contractors 
have identified 
specific in-lieu and 
direct recharge 
opportunities 

Key: 
DWR = California Department of Water Resources 
ft/d = feet per day 
Kv = saturated vertical hydraulic conductivity 
MAF = million acre-feet 
mi2 = square mile 
 

 
N/A = not applicable 
SAFCA = Sacramento Area Flood Control Agency 
SGA = Sacramento Groundwater Authority 
TAF = thousand acre-feet 
TDS = total dissolved solids 
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5.0 Conclusions 
Analysis of groundwater recharge opportunities that may be compatible 
with flood management in general, and the 2012 CVFPP in particular, has 
identified the following conclusions: 

• Groundwater recharge associated with potential floodplain storage or 
increase in stream-channel area is limited in the Sacramento and San 
Joaquin flood management systems. Groundwater levels near the 
mainstem rivers are relatively high, which limits the amount of water 
that could be stored. Additionally, frequency and duration of inundation 
in these areas will be limited. Some in-channel groundwater recharge 
would occur during flooding, but construction of artificial recharge 
facilities is not recommended to increase recharge potential. 
Implementation of the State Systemwide Investment Approach, 
described in Section 3 of the 2012 CVFPP, would result in expansion 
and extension of the bypass system and levee setbacks. Those actions 
would create additional opportunities for in-channel and floodplain 
groundwater recharge. 

• Opportunities for capturing floodflows and recharging them into 
groundwater aquifers by direct recharge methods are limited in the 
Sacramento Valley because the groundwater basin, with a few 
exceptions, is relatively full. The use of floodwater for recharge has 
been practiced for many years in the San Joaquin Valley, where 
historical groundwater extraction has created depressions in the 
groundwater table that provide opportunities to store water. Rates of 
groundwater recharge are typically low relative to large floodflows, and 
capturing those floodflows for groundwater recharge purposes would 
have only a small impact on lowering flood stage and flood risk. As 
noted above, managed groundwater storage projects are usually 
initiated at the local level for water supply benefits. Therefore, from the 
perspective of the State’s investment in flood management, it may 
make sense to support these projects (e.g., through Integrated Regional 
Water Management programs) but it is not the State’s responsibility to 
initiate and lead these types of groundwater recharge programs. 

• Groundwater recharge as a component of conjunctive use with changes 
in existing reservoir operations continues to be a potential option to 
increase flood protection. Recharge in association with changes in 
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existing reservoir operations could benefit flood protection in both the 
Sacramento and San Joaquin valleys. However, changes in existing 
reservoir operations have implications beyond flood management, 
including potential impacts on water supply, water quality, 
environmental flow requirements, and contracted water delivery 
requirements. Any recommendation to change existing reservoir 
operations in conjunction with managed groundwater storage needs to 
be made with an understanding of those potential impacts. DWR’s 
ongoing System Reoperation Study is an appropriate venue for this 
analysis. If this DWR study does find that managed groundwater 
storage should be implemented with changes in existing reservoir 
operations, a more detailed, site-specific analysis of sites identified here 
and in previous reports could be initiated. 
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7.0 Acronyms and Abbreviations 
Board ......................... Central Valley Flood Protection Board 

Comprehensive Study Sacramento and San Joaquin River Basins 
Comprehensive Study 

CVFPP ...................... Central Valley Flood Protection Plan 

Delta .......................... Sacramento-San Joaquin Delta 

DWR .......................... California Department of Water Resources 

MAF ........................... million acre-feet 

NRCS ........................ Natural Resources Conservation Service 

SAFCA ...................... Sacramento Area Flood Control Agency 

SGA ........................... Sacramento Groundwater Authority 

SPFC ......................... State Plan of Flood Control 

STATSGO ................. State Soil Geographic 

TAF ............................ thousand acre-feet 

TDS ........................... total dissolved solids 

USACE ...................... U.S. Army Corps of Engineers 
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Cover Photo: Sacramento Weir (December 24, 1964), DWR Photo Lab

The Sacramento Weir and Bypass discharges excess flows from the

Sacramento River (on the left) into the Yolo Bypass (not shown).  

The 1964-65 water year was marked by one of the most disastrous floods in California’s history.
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1.0 Introduction 

As part of the development of the Conservation Framework and the 2012 

Central Valley Flood Protection Plan (CVFPP), supporting technical 

analyses and research efforts were conducted to evaluate conditions within 

the flood management system and to support formulation of conservation 

improvements.  These efforts were conducted in the Sacramento River 

Basin, San Joaquin River Basin, and Sacramento-San Joaquin Delta 

(Delta). 

This Supporting Technical Documentation for Conservation Framework 

provides an overview of the technical analyses and research efforts 

supporting the formulation and evaluation of the Conservation Framework 

that, in turn, supports formulation of the State Systemwide Investment 

Approach presented in the 2012 CVFPP. Detailed descriptions of these 

supporting documents are attached. 

1.1 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 

Protection Act of 2008, the California Department of Water Resources 

(DWR) has prepared a sustainable, integrated flood management plan 

called the CVFPP, for adoption by the Central Valley Flood Protection 

Board (Board).  The 2012 CVFPP provides a systemwide approach to 

protecting lands currently protected from flooding by existing facilities of 

the State Plan of Flood Control (SPFC), and will be updated every 5 years. 

The Conservation Framework is an integral part of the State of California’s 

(State’s) preferred approach to flood management in the Central Valley. To 

help meet the required objectives of the Central Valley Flood Protection 

Act of 2008 and the goals of the CVFPP (particularly regarding public 

safety), the Conservation Framework outlines the State’s intent to 

accomplish the following: 

• Improve and enhance natural dynamic hydrologic (flow) and 

geomorphic processes in the flood management system 

• Increase and improve  the quantity, diversity, quality, and connectivity 

of riverine habitats in the flood management system 
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• Contribute to the recovery and stability of native species populations 

and overall biotic community diversity associated with the flood 

management system 

The Conservation Framework is the first phase of more comprehensive and 

integrated planning within the flood management system, leading to a 

longer term Central Valley Flood System Conservation Strategy 

(Conservation Strategy). The Conservation Strategy will be consistent with 

the Conservation Framework and will provide more specifics about 

integrating flood and conservation actions. This Conservation Strategy may 

include regional permitting plans, such as Natural Community 

Conservation Plans or Habitat Conservation Plans. 

1.2 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 

direction, two geographical planning areas were important for CVFPP 

development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 

receiving flood protection from facilities of the SPFC (see State Plan of 

Flood Control Descriptive Document (DWR, 2010)).  The State of 

California’s (State) flood management responsibility is limited to this 

area. 

• Systemwide Planning Area – This area includes the lands that are 

subject to flooding under the current facilities and operation of the 

Sacramento-San Joaquin River Flood Management System (California 

Water Code Section 9611).  The SPFC Planning Area is completely 

contained within the Systemwide Planning Area which includes the 

Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 

planning areas.  The CVFPP focused on SPFC facilities; therefore, 

evaluations and analyses were conducted at a greater level of detail within 

the SPFC Planning Area than in the Systemwide Planning Area. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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1.3 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 

address identified flood-management-related problems and opportunities, a 

primary and four supporting goals were developed: 

• Primary Goal – Improve Flood Risk Management 

• Supporting Goals: 

- Improve Operations and Maintenance 

- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 

1.4 2012 CVFPP Planning Approaches 

In addition to No Project, three fundamentally different approaches to 

flood management were initially compared to explore potential 

improvements in the Central Valley.  These approaches are not alternatives; 

rather, they bracket a range of potential actions and help explore trade-offs 

in costs, benefits, and other factors important in decision making.  The 

approaches are as follows: 

• Achieve SPFC Design Flow Capacity – Address capacity 

inadequacies and other adverse conditions associated with existing 

SPFC facilities, without making major changes to the footprint or 

operation of those facilities. 

• Protect High Risk Communities – Focus on protecting life safety for 

populations at highest risk, including urban areas and small 

communities. 

• Enhance Flood System Capacity – Seek various opportunities to 

achieve multiple benefits through enhancing flood system storage and 

conveyance capacity. 

Comparing these approaches helped identify the advantages and 

disadvantages of different combinations of management actions, and 

demonstrated opportunities to address the CVFPP goals to different 

degrees. 



 1.0 Introduction 

January 2012 1-5 
Public Draft 

Based on this evaluation, a State Systemwide Investment Approach was 

developed that encompasses aspects of each of the approaches to balance 

achievement of the goals from a systemwide perspective, and includes 

integrated conservation elements.  Figure 1-2 illustrates this plan 

formulation process. 

 
Figure 1-2.  Formulation Process for State Systemwide Investment Approach 

1.5 Report Organization 

Organization of this document is as follows: 

• Section 1 introduces and describes the purpose of this report. 

• Section 2 briefly summarizes each of the attachments 

• Section 3 contains references for the sources cited in this document. 

• Section 4 lists acronyms and abbreviations used in this document. 
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2.0 Attachment Summary 

This section summarizes the supporting attachments informing 

development of the Conservation Framework and the Conservation 

Strategy. 

2.1 Regional Advance Mitigation Planning 

Attachment 9A: Regional Advance Mitigation Planning focuses on efforts 

to develop a mitigation approach that (1) integrates project-specific 

mitigation with regional and statewide conservation priorities, and (2) 

offsets unavoidable impacts of planned infrastructure projects before the 

projects are constructed. Regional Advance Mitigation Planning (RAMP) 

has been in preparation by a multiagency work group since 2008. To 

develop advance mitigation in the Systemwide Planning Area, the State 

would work with regulatory agencies to estimate potential mitigation needs 

early in the timelines of multiple projects. This process minimizes 

permitting and regulatory delays and reduces mitigation costs by securing 

and conserving valuable natural resources at an economically efficient 

scale and before potential mitigation lands are converted to incompatible 

land uses. Having RAMP-sponsored mitigation sites in strategic locations 

throughout the Systemwide Planning Area could speed approvals for the 

State’s infrastructure agencies when the agencies seek permits for “take” of 

endangered species, fill of wetlands, or disturbance to streambeds and their 

banks. Adopting a strategic, forward-looking, and regional approach, in 

which natural resources agencies are encouraged to identify mitigation 

needs early, can provide a vehicle for identifying solutions that address 

conservation priorities in ways that are coordinated and take into account 

agricultural communities and land uses. 

2.2 Status and Trends of the Riparian and 
Riverine Ecosystems of the Systemwide 
Planning Area 

Attachment 9B: Status and Trends of the Riparian and Riverine 

Ecosystems of the Systemwide Planning Area summarizes the current 

status and historical trends of riparian and riverine ecosystems in the 

Systemwide Planning Area for the CVFPP. The summary of status and 

trends in this report is intended to document the need for and support the 



2012 Central Valley Flood Protection Plan 
Attachment 9: Supporting Documentation for Conservation Framework 

2-2 January 2011 
 Public Draft 

development of the Conservation Framework that will be a component of 

the 2012 CVFPP and the Conservation Strategy. This attachment 

accomplishes the following: 

• Describes the ecological history of the Sacramento Valley’s and San 

Joaquin Valley’s riparian and riverine ecosystems, how these 

ecosystems historically functioned, and early stressors on these 

ecosystems that have contributed to their current status and observed 

trends. 

• Describes the ecological relevance of the hydrologic and geomorphic 

processes emphasized in the report and the mechanisms by which these 

processes interact with each other and affect the ecosystem functions of 

Sacramento Valley and San Joaquin Valley riparian and riverine 

habitats. Additionally, it describes the mechanisms by which specific 

stressors negatively affect hydrologic, geomorphic, and ecosystem 

processes. 

• Assesses the status and trends of Sacramento Valley and San Joaquin 

Valley hydrologic and geomorphic processes, and related habitats 

through a series of metrics calculated from readily available data. Each 

metric is described in a concise summary that identifies the rationale for 

selecting that metric to illustrate a particular process or habitat status, 

trend, or stressor; describes how the metric was developed and 

analyzed; and identifies the primary conclusion that can be drawn from 

each metric. The assessment relies heavily on graphical representations 

of each metric (e.g., charts or maps). 

• Summarizes data gaps documented during the analysis of status, trends, 

and stressor metrics and highlights the potential for conceptual 

ecological models as planning tools for the Conservation Strategy. 

2.3 Fish Passage Assessment 

Attachment 9C: Fish Passage Assessment identifies fish passage obstacles 

and recommends actions for modifying the Central Valley flood 

management system that could contribute to the recovery of native 

anadromous
1
 fish in the Central Valley. Within the geographical context of 

the CVFPP Systemwide Planning Area, this report discusses the following: 

• Importance of ecological flows and floodplain flooding for fish 

                                                        
1
 Anadromous fish hatch from eggs laid in freshwater streams, migrate as juveniles to 
saltwater, and after living and growing in ocean waters, then return as adults to spawn in 
freshwater to complete their life cycle. 
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• Anadromous species present 

• Anadromous fish population status and the reduction from their 

historical ranges 

• Reasons for their decline, with a particular focus on physical passage 

barriers and stranding related to flood management 

• Implications of passage barriers under climate change effects 

• Identification and ranking of passage barriers and stranding areas 

• Description of tested approaches for improving passage around major 

dams 

Fish passage barriers can include, but are not limited to, dams, weirs, grade 

control structures, pumping stations, flood control gates, levees that cross 

or block stream channels, road crossings, and features of the flood control 

channels and bypasses that strand fish. Fish passage actions include 

identifying barriers, evaluating the magnitude that each barrier impedes 

migration, and modifying barriers to allow unimpeded migration. These 

actions will assist in increasing and improving habitat connectivity and 

promoting the recovery of anadromous fish populations in the Sacramento-

San Joaquin River Flood Management System. 

2.4 Improving Vegetation Data 

Attachment 9D: Improving Vegetation Data describes the importance of 

high-quality vegetation data for improving flood management and 

ecosystem conditions in the Central Valley; summarizes other related 

mapping efforts; and describes DWR’s approach, progress, and future steps 

for improving the quality of vegetation data. 

DWR is in the process of completing a seamless riparian vegetation map 

for the Sacramento and San Joaquin main-stems and tributaries within the 

CVFPP Systemwide Planning Area. Before this effort, most vegetation data 

for these areas was incomplete, or conducted at a variety of scales and 

resolutions. This mapping effort provides baseline data for impact analysis, 

and conservation and restoration area planning. 
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2.5 Existing Conservation Objectives from Other 
Plans 

Attachment 9E: Existing Conservation Objectives from Other Plans 

contains information on other conservation planning efforts (both 

completed and ongoing) with regional, geographically based, and/or 

quantifiable conservation measures potentially relevant to the Conservation 

Strategy. The Conservation Strategy, in conjunction with the CVFPP, will 

overlap with multiple regional and collaborative conservation plans that 

have either been previously implemented or are planned for the Sacramento 

and San Joaquin valleys.  Regional planning is most effective when 

coordinated with similar programs and plans to the maximum extent 

possible. Coordination among the Conservation Strategy and similar, 

related conservation and collaborative planning efforts is essential to 

determine if the Conservation Strategy, in meeting its conservation 

objectives, can contribute to the shared conservation objectives of other 

plans or programs. Plans and programs were selected for inclusion that 

overlapped at least partially with the SPFC Planning Area or Systemwide 

Planning Area, and that included conservation objectives likely to be 

related to the Conservation Strategy. The list is not comprehensive, but 

includes examples of the types of efforts that should be considered in 

developing the Conservation Strategy. 

2.6 Floodplain Restoration Opportunity Analysis 

Ecosystem restoration is a key component of the CVFPP, and management 

actions related to habitat restoration have been drafted as part of the 

CVFPP planning process. Further refinement of these management actions 

will be informed by an understanding of habitat restoration opportunities, 

in terms of the location, acreage, and expected ecosystem benefits of each 

management action that are possible within the context of the SPFC. 

Attachment 9F: Floodplain Restoration Opportunities Analysis (FROA) 

supports this refinement of management actions by identifying areas with 

the greatest and/or most extensive potential opportunities for floodplain 

restoration. To identify and quantify potential opportunities for floodplain 

restoration, the following process has been followed: 

• Identification of areas of physical suitability using the Floodplain 

Inundation Potential (FIP) tool 

• Identification of other opportunities and constraints using land use-land 

cover data, conserved areas, location and physical condition of project 

and non-project levees, locations of other major infrastructure, and 
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areas planned or desired for restoration, as identified by other plans or 

stakeholder interest 

• Evaluation of relationships among physical suitability and other 

opportunities and constraints 

• Identification of river reaches with the greatest and/or most extensive 

potential opportunities for floodplain restoration 

Results of the FROA support the identification, prioritization, and further 

development of specific restoration opportunities. In conjunction with the 

Conservation Strategy, these specific opportunities will be identified, 

prioritized, and developed on the basis of their potential ecological, flood 

management, and other benefits (e.g., reduced maintenance and regulatory 

compliance costs); cost; and regulatory, institutional, technological, and 

operational feasibility. 

2.7 Regional Permitting Options 

Programmatic approaches to permitting and other regulatory authorizations 

for flood management activities (e.g., regional permitting mechanisms) are 

an important part of improving and integrating flood management and 

ecosystem conservation in the Central Valley. To support both the CVFPP 

and the linked Conservation Strategy, Attachment 9G: Regional Permitting 

Options, does the following: 

• Describes the benefits of programmatic authorizations (as compared to 

project-by-project permitting) 

• Identifies the types of flood management activities that could 

potentially be covered by such programmatic authorizations 

• Describes and evaluates several options for developing programmatic 

authorization mechanisms for the flood management system, and 

identifies other important environmental regulations that apply 
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4.0 Acronyms and Abbreviations 

Board .................................Central Valley Flood Protection Board 

Conservation Strategy ........Central Valley Flood System Conservation 
Strategy 

CVFPP ...............................Central Valley Flood Protection Plan 

Delta ...................................Sacramento-San Joaquin Delta 

DWR ..................................California Department of Water Resources 

FIP .....................................Floodplain Inundation Potential 

FROA  ................................Floodplain Restoration Opportunities Analysis 

RAMP  ................................Regional Advance Mitigation Planning 

SPFC .................................State Plan of Flood Control 

State ...................................State of California 
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1.0 Introduction 

Sometimes the development of infrastructure can negatively impact 

habitats and species. Ways to better avoid, minimize, and mitigate these 

impacts for State Plan of Flood Control (SPFC) facilities is being 

developed under the Central Valley Flood Protection Plan’s (CVFPP) 

Central Valley Flood System Conservation Strategy (Conservation 

Strategy). This attachment details the approach for Regional Advance 

Mitigation Planning (RAMP), which could support the Conservation 

Framework and the future Conservation Strategy. RAMP attempts to 

provide a method to achieve faster, less expensive, and better mitigation for 

unavoidable impacts associated with infrastructure projects proposed 

within the state. 

1.1 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 

Protection Act of 2008, the California Department of Water Resources 

(DWR) has prepared a sustainable, integrated flood management plan 

called the CVFPP, for adoption by the Central Valley Flood Protection 

Board (Board).  The 2012 CVFPP provides a systemwide approach to 

protecting lands currently protected from flooding by existing facilities of 

the SPFC, and will be updated every 5 years. 

The State of California (State) and federal agencies recognize RAMP as a 

high-value decision-making process that should be able to identify the best 

offsite mitigation approach for the types of impacts expected from multiple 

agencies over multiple years. Several State and federal agencies are 

collaborating to develop RAMP in California. Participants include 

infrastructure agencies (DWR and California Department of Transportation 

[Caltrans]), and State and federal resource agencies including California 

Department of Fish and Game (DFG), U.S. Fish and Wildlife Service 

(USFWS), National Marine Fisheries Service, and U.S. Army Corps of 

Engineers’ (USACE) regulatory office. The effort also receives support 

from The Nature Conservancy and Resources Legacy Fund. These 

nonprofits have secured several grants from private foundations to keep the 

RAMP effort moving forward, as well as helping extensively with science 

and analysis, outreach, policy development, and meeting support. RAMP 

also works with modeling researchers from University of California, Davis, 

to aid in development of planning tools. 
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1.2 Report Organization 

Organization of this document is as follows: 

• Section 1 introduces and describes the purpose of this report. 

• Section 2 describes the RAMP approach and process. 

• Section 3 lists acronyms and abbreviations used in this document. 
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2.0 Regional Advance Mitigation 
Planning 

The State’s public agencies spend billions of dollars each year on 

infrastructure projects to meet the State population’s growing need for 

roads, bridges, levees, and other facilities. California hosts a rich array of 

valuable natural communities and ecosystems that provide habitat for rare 

and native plants and wildlife.  These ecosystems and natural communities 

are also the source for Californians’ drinking water and provide open space 

for healthy recreation. As California’s population grows, it is imperative 

that this growth occurs in a manner that protects and enhances the State’s 

natural resources. 

The existing options for compensatory mitigation are helpful and practical 

approaches. But RAMP is an innovative approach that builds on existing 

conservation efforts and mitigation tools while also helping to solve some 

of the challenges associated with these tools, such as limited funding and 

protracted timelines. RAMP is investigating innovative ways to leverage 

multiple funding sources that allow for larger mitigation sites than could be 

accomplished if only existing funding options were used. RAMP intends to 

provide a more economical approach for mitigation of infrastructure project 

impacts on a landscape scale rather than by a project-by-project mitigation. 

While RAMP concepts have been implemented in some parts of the State 

(San Diego County, Orange County, and Elkhorn Slough in Monterey 

County), it is still considered a new approach, but is gaining widespread 

acceptance among agencies. RAMP requires a change by both 

infrastructure and regulatory agencies in their approach to the development 

of new mitigation areas and they will be asked to provide an investment in 

advance planning, which is intended to provide long-term ecological and 

financial benefits. 

Although still in the development and testing phases, the basic RAMP 

concept is twofold. First, it establishes a regional framework for identifying 

existing and potential mitigation approaches in a geographically specific 

portion of the State that could support the needs of planned infrastructure 

projects and meet the needs of regulatory agencies. Second, it identifies 

which mitigation approaches could best create habitat in advance of 

potential unavoidable impacts of infrastructure projects. Working together, 

natural resource and infrastructure funding agencies can estimate 

mitigation needs early in the projects’ timelines, avoiding permitting and 

regulatory delays and allowing public mitigation dollars to stretch further 

by securing and conserving valuable natural resources on a more 
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economically efficient scale and before related real estate values escalate.  

This strategy supports jobs and a vibrant economy – lower mitigation costs 

lowers overall project costs which frees up funds for additional projects; 

the certainty provided by RAMP allows infrastructure agencies to deliver 

on the pipeline of projects more consistently; and it supports jobs in the 

natural resources sector through restoration and management of natural 

lands. 

Using an approach that emphasizes regional ecosystem needs and 

priorities, and drawing on the lessons learned from previous experience, 

DWR and others can explore various mitigation opportunities and make 

more informed mitigation decisions that hope to maximize conservation 

within a region while allowing timely construction of necessary 

infrastructure. DWR and Caltrans are leading development of the RAMP 

initiative using bond funding, but they will actively seek additional 

voluntary partners as the structure for long-term funding and governance is 

more clearly defined.  Because this is a multi-agency effort supported by 

several funding sources, the geographic boundaries of any plan and the 

schedule for completing documents will be outside of the control of the 

DWR or Board staff working on the CVFPP effort.  The draft work plan for 

the effort involves the following several general steps (see list below). 

1. Develop support among infrastructure and regulatory agencies of a 

statewide region-based advanced mitigation approach and identify 

policy and funding issues with a timeline for resolving them (this will 

be described in a document currently entitled “Statewide Framework 

for RAMP in California,” which is under internal review and will be 

widely available in the fall of 2012). 

2. Develop geographically specific plans that (1) assess expected habitat 

mitigation demand (from multiple planned infrastructure projects), and 

(2) identify possible mitigation approaches in advance of any impacts 

(these will be described in documents currently entitled “Regional 

Assessment”).  This advance planning should result in expedited permit 

reviews of infrastructure projects because all alternatives for mitigation 

would have already been evaluated at the regional level, eliminating the 

need to perform this analysis for a single project. There should also be a 

time savings for regulatory agency staff who would be making a 

decision on a few large sites versus several small sites. 

3. Identify and describe a mitigation option that will be potentially 

pursued for the benefit of multiple infrastructure agencies (in 

documents entitled “Action Plan”).  During development of the Action 

Plan, secure regulatory agency acceptance and approval of the RAMP 

mitigation approach and identify partners willing to sign cost-share 
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The RAMP Work Group 
In 2008, several agencies came together 
to figure out a better way to mitigate for 
infrastructure projects that is faster, more 
effective, and yields larger scale 
conservation outcomes in California as 
compared to project-by-project mitigation.  
In 2009, leadership of the various 
agencies signed or supported a 
Memorandum of Understanding including: 
DWR, Caltrans, U.S. Environmental 
Protection Agency, USFWS, USACE, 
National Oceanic Atmospheric 
Administration (National Marine Fisheries 
Service), DFG, California Wildlife 
Conservation Board, Natural Resources 
Agency, and the California Business, 
Transportation & Housing Agency 

agreements to fund its implementation.  While the contents of an 

Action Plan are still undefined, the RAMP Work Plan calls for the 

development of standardized outlines and budgets for their 

development over the first quarter of 2012. 

4. Secure monetary support for the approved Action Plan and gain 

agreement on the financial reporting procedures to ensure transparent 

billings and transactions.  Note that RAMP partners are anticipating 

that funding for implementation of the Action Plan would be 

independent of any line item from an individual infrastructure project’s 

budget.  Instead, funding for Action Plan implementation is based on a 

conservative estimate of a bundled multi-agency and multi-year 

projected “demand,” as identified in both the Regional Assessment and 

the Action Plan.  Ideally, funds would come from a “revolving fund” 

that has been established through legislation specifically for advance 

mitigation development. 

5. Reevaluate mitigation approaches to 

continually provide sufficient and appropriate 

habitat to meet expected infrastructure project 

mitigation needs. 

RAMP does not supply permits for infrastructure 

projects; rather, its purpose is to provide a more 

efficient and cost-effective option for supplying 

mitigation within existing permitting processes. It 

can aid DWR and also its RAMP partners (see text 

box) in successfully completing the federal 

endangered species permitting process (see Figure 

2-1), federal wetland permitting process (see 

Figure 2-2), and State lake and streambed 

alteration permitting process (see Figure 2-3). 

Infrastructure agencies will individually apply for 

their permits to perform actions. Within the 

application materials, they could reference an advance mitigation site 

created through RAMP. These sites may be authorized by the resources 

agencies using the same methodology as a private commercial mitigation 

bank and other agencies or authorized using alternative methods supported 

by these same agencies. RAMP will be successful if the advance mitigation 

sites are used expeditiously, indicating that RAMP is an effective planning 

method and provides a return on investment to infrastructure agencies. The 

success of RAMP’s first Action Plan will allow more RAMP-sponsored 

mitigation to be developed in the region. 
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Figure 2-1.  Hypothetical Use of RAMP-Sponsored Mitigation Sites During Federal 
Terrestrial Endangered Species Permitting 
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Figure 2-2.  Hypothetical Use of RAMP-Sponsored Mitigation Sites During Federal 
Waters of United States Permitting 
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Figure 2-3.  Hypothetical Use of RAMP-Sponsored Mitigation Sites During State Streambed 
Alteration Permitting (With or Without Species Impacts) 
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The Conservation Framework supports the premise that environmental 

considerations should be taken into account at all levels of flood 

management planning, as early as possible.  In support of that goal, RAMP 

steers agencies away from (1) only planning mitigation on a project-by-

project basis, usually near the end of a project’s environmental review, and 

(2) any mitigation that occurs with insufficient consideration of regional or 

statewide conservation priorities. Permitting delays can occur when 

appropriate offsite mitigation sites cannot be easily identified and agreed 

on, and the cost of mitigation often increases between the time a project is 

planned and funded and the time mitigation land is acquired. As a result, 

infrastructure agencies may agree to pay “top dollar” to satisfy mitigation 

requirements through the quick purchase of credits to keep projects on 

schedule. Project-by-project mitigation, especially onsite mitigation, can 

overlook regional conservation needs and ecosystem-scale impacts to 

sensitive species and habitat, thereby missing critical opportunities for 

efficient, reliable, and biologically relevant mitigation. Additionally, the 

opportunity is lost for greater benefits to water and air quality and public 

health that regional planning would bring. 

To address some of these concerns with project-by-project mitigation, the 

DFG and the USFWS have engaged in Habitat Conservation Plans (HCP) 

and Natural Community Conservation Plans.  The HCP process has 

authority under Section 10(a)(1)(B) of the Federal Endangered Species Act, 

and the Natural Community Conservation Planning (NCCP) program is 

authorized by the Natural Community Conservation Planning Act of 1991, 

codified as Chapter 10, Division 3, of the California Fish and Game Code 

(2800 et. seq.). Often, an HCP and NCCP are prepared jointly for covered 

activities in a particular region. NCCP efforts take a broad-based ecosystem 

approach to planning for the protection and perpetuation of biological 

diversity. Thus, an HCP/NCCP can identify and provide for the regional 

protection of plants, animals, and their habitats, while allowing compatible 

and appropriate economic activity. Some HCPs/NCCPs analyze potential 

future impacts within a single county or can instead perform an analysis of 

multiple counties. The Central Valley has several such plans in operation or 

under development. Of these, DWR is currently participating in the multi-

county Bay-Delta Conservation Plan, which is still in development. The 

challenges for using these plans for flood project mitigation needs include 

their incomplete coverage for the Central Valley, and the relatively long 

time frames (several years of negotiations) for completion. 

RAMP can be integrated with and add benefits to conservation planning 

efforts such as HCPs/NCCPs, which are also attempting to address impacts 

in advance. Early engagement is already taking place with these planning 

efforts to identify areas where advance mitigation for impacts could 

contribute to the plans’ goals and provide opportunities for cost sharing or 
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strategic leveraging of resources. Thus, early engagement should result in 

larger, more sustainable conservation. DWR and its current partners (see 

text box on page 2-3) in RAMP are evaluating potential opportunities to 

work with existing conservation plans to provide mitigation for 

infrastructure activities, and are exploring development of additional 

HCPs/NCCPs where none exist. Development or participation in 

HCPs/NCCPs gives permitting coverage to DWR for action involving the 

take of federal- or State-listed species. Some HCP/NCCP structures may 

provide local governance (such as a Joint Power Authority) for managing 

conservation areas, and allow DWR or its partners to be free of financial 

obligations relating to the success of any sites developed. 

One mitigation approach that future RAMP documents will describe and 

review for feasibility is the prepurchase of mitigation credits held by 

private commercial mitigation and conservation banks.  Such purchases 

should increase price predictability, which in turn gives infrastructure 

project budgets more certainty. Private commercial banks offer mitigation 

credits from a parcel of land that has been protected and has been 

rigorously reviewed by the regulatory agencies. Each credit is sold for a 

fixed price that covers the commercial banker’s business expenses to date 

and allows them a profit. Regulatory agencies have approved and suggested 

purchases at banks when they are suitable in comparison to other mitigation 

approaches (after all avoidance and minimization measures have taken 

place). An advantage to DWR and Caltrans in purchasing credits from 

certified banks is that it allows the agency to release all further liabilities 

related to the success of the mitigation site. However, the credits can be 

more expensive than permitee-responsible (or on site) mitigation and have, 

on occasion, become a burden on a project’s budget. In addition, while the 

coverage of private commercial banks is ever expanding, gaps exist in the 

Central Valley, and in some cases appropriate credits are not available for 

flood management projects. During the development of geographically 

specific plans (e.g., Regional Assessments), RAMP participants will review 

options to establish mutually beneficial arrangements with private 

commercial bankers.  At this time there has not been sufficient outreach 

and discussion to solidify any arrangements. 

Beyond private commercial banks, State agencies have established 

mitigation banks on State-owned lands (these are not commercial banks 

and are termed “single purpose” banks). For example, Caltrans has created 

banks that satisfy the mitigation needs of several transportation projects 

over several years; however, these banks currently do not meet DWR’s 

needs for mitigating future flood activities because DWR is not a 

participant in any of the banks. RAMP will identify methods to create more 

State-owned mitigation banks, particularly banks that can be shared among 

more than one infrastructure agency. By leveraging mitigation funds for 
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multiple projects and directing mitigation to locations that meet 

conservation priorities, larger landscapes will be protected, rather than 

isolated islands of mitigation, furthering habitat connectivity, ecosystem 

function, and climate change adaptation. 

One of the benefits of the RAMP effort has been to change the dynamics of 

building infrastructure from a negotiation-based process to a more 

collaborative process. Agencies and stakeholders are sharing ideas, goals, 

and methods with the RAMP Work Group (see text box on page 2-3).  The 

RAMP Work Group in turn is using these ideas to reach the larger goal of 

mitigation that is faster, less expensive, and more effective than the status 

quo. The RAMP initiative does not replace any agency functions, 

programs, or interagency groups, such as the Interagency Flood 

Management Collaborative Program Management Group. 

Since the RAMP effort was launched 4 years ago, much has been 

accomplished (see Table 2-1): 

• State and federal agencies signed a Memorandum of Understanding 

(see text box on page 2-3) in 2009 committing to design a framework or 

program that would implement a RAMP and to participate in a pilot 

project, and they have been meeting regularly to work on the issues. 

• Documents are being prepared that outline the RAMP goals and create 

a policy and financial framework for how a program could work, based 

on the pilot project, policy research, and other models. 

• Legislation was introduced to establish RAMP in the State (but has yet 

to pass). 
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Table 2-1.  RAMP Timeline (Past, Present, and Future) 

2008 

• Data gathered on DWR and Caltrans projects that potentially have 
impacts (demand analysis) 

• Pilot area identification process began and initial pilot area identified 
(CSV) 

2009 

• MOU signed between agencies (see text box on page 2-3) 

• Marxan analysis developed (a conservation planning tool) to find 
suitable mitigation sites in pilot area 

• “Advance mitigation” legislation developed by The Nature 
Conservancy 

Q1  2010 

• Next steps in RAMP discussed, including how to secure funding, 
create a governance structure, further define the “pilot area,” and 
document RAMP as a program 

• Work began on a “Policy Paper” that described RAMP as a program 
and the obstacles to implementation 

Q2  2010 

• Contract signed with private consultants to develop three documents 
for RAMP (Statewide Framework, Regional Assessment (for the pilot 
area), and RAMP Manual) (DWR) 

• Contract signed with UC Davis for a Central Valley-wide analysis for 
suitable mitigation and also a wildlife corridor analysis (DWR) 

• Contract signed with UC Davis to include more transportation plans 
into “demand” analysis and perform an optimization analysis with 
results (Caltrans) 

Q3  2010 • Efforts began to capture federal funds through SAMI (Caltrans) 

Q4  2010 

• Statewide Framework chapters developed by core group 

• Outreach occurred to Strategic Growth Council and also to other 
infrastructure agencies 

Q1  2011 

•  Statewide Framework reviewed by geographic-specific staff of the 
signatory agencies to the MOU (DFG, DWR, Caltrans, etc.)  

- Caltrans met with MPOs and local transportation entities 

- DWR met with Regional Office staff and Regional Coordinators 

- DFG, USACE, and USFWS received feedback from Regional 
Office staff 

Q2  2011 

• Meetings began on CSV Regional Assessment (Pilot Project) with 
signatory agencies  

• Formal engagement occurred on CSV Regional Assessment with 
nonsignatories to the MOU (see text box on page 2-3) 

Q3  2011 
• Formally engage on Statewide Framework with nonsignatories to MOU 

(see text box on page 2-3)  

Q4  2011 

• Publish internal draft of the CSV Regional Assessment  

• Estimate costs for creating Action Plans and related documentation 

• Write MOU and/or Interagency Agreements to divide planning costs 
among interested parties (at a minimum between DWR and Caltrans 
and possibly other agencies that are not on the Statewide MOU but 
have local infrastructure projects) 

• Write Action Plan based on Regional Assessment  

• Create appropriate CEQA documentation and decide on State-
preferred alternative for implementation based on Action Plan 

• Begin work on “Actions Needed” from Statewide Framework (e.g., 
make changes to agency policy, propose new funding structures) 
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Table 2-1.  RAMP Timeline (Past, Present, and Future) (contd.) 

2012 

• DWR to submit BCP for first mitigation approach identified in Action 
Plan (will get $ in FY 13/14) 

• Caltrans to secure SAMI funding or write a BCP for first mitigation 
approach 

• Begin any negotiations on land (DWR has an 18-month timeline) 

• Begin any negotiations with regional plan partners under Natural 
Community Conservation Planning efforts or Habitat Conservation 
Plans 

• Begin any negotiations with private commercial mitigation bankers 

• Publish Statewide Framework, Regional Assessment, and RAMP 
Manual with lessons learned 

2013 • Complete purchase of land and begin permitting work  

2014 • Second Regional Assessment for new portion of the State 

Key: 
BCP = Budget Change Proposal 
Caltrans = California Department of Transportation 
CEQA = California Environmental Quality Act 
CSV = Central Sacramento Valley (the pilot area’s given name) 
DFG = California Department of Fish and Game 
DWR = California Department of Water Resources 
FY = fiscal year 
MOU = memorandum of understanding 
MPO = Metropolitan Planning Organization, a legally defined entity that is tasked with  

transportation planning 
Q = Quarter 
RAMP = regional advance mitigation planning 
SAMI = Statewide Advance Mitigation Initiative being performed by Caltrans 
State = State of California 
UC Davis = University of California, Davis 
USACE = U.S. Army Corps of Engineers 
USFWS = U.S. Fish and Wildlife Service 

The RAMP Work Group is currently developing a Statewide Framework 

document intended to convey to lawmakers and agency leaders the goals, 

benefits, and operational framework of a statewide RAMP initiative. The 

internal draft of the Statewide Framework has been completed, and a 

widely circulated version will be available in fall 2012. Outreach related to 

this document will be directed toward agency staff as well as several 

outside organizations (e.g., county staff, land trust organizations, 

nonprofits). The Statewide Framework will have a companion document, 

the RAMP Manual, which will serve as a comprehensive guidance 

document for planning and implementing regional advance mitigation 

throughout California.  The manual will be developed to an internal draft in 

early 2012, and a circulating draft in fall 2012.  Development of the RAMP 

Manual will draw from lessons learned during testing of the RAMP 

concept through a pilot project. The pilot project will include preparation of 

the first Regional Assessment (planned completion in spring 2012), which 

will provide the strategy for implementing advance mitigation in the pilot 

project region. 
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The RAMP Work Group has selected a region in the central Sacramento 

Valley (along the main-stem Sacramento River from approximately the 

Tehama County line south to Verona and along the Feather River and its 

tributaries to the east) for the pilot project (Figure 2-4). Outreach to DWR’s 

Regional Offices and Regional Coordinators is in progress. Caltrans, DFG, 

and USFWS will perform similar outreach with their local offices. 

Outreach external to DWR, Caltrans, and the RAMP Work Group will take 

place in spring 2012.  In fall 2012, an open forum will be held for 

nonprofits, county staff, private mitigation bankers, and other potentially 

affected parties to learn about RAMP, and to provide information on 

problems and opportunities within the region. 

Working together, natural resource and infrastructure agencies can estimate 

mitigation needs early in the projects’ timelines, avoiding delays from 

permitting and regulatory negotiations and gaining more value for public 

mitigation dollars by securing and conserving valuable natural resources on 

a more economically efficient scale. Having advance mitigation sites in 

strategic locations throughout the State should speed approvals when DWR 

seeks a decision on jeopardy of endangered species, expects impacts that 

result in the fill of wetlands, or expects disturbance to streambeds and/or 

their banks. 
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Figure 2-4.  RAMP Pilot Area – June 2011 
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The RAMP Work Group (see text box on page 2-3) has identified 

numerous benefits that could result from implementing a RAMP program: 

• Lower mitigation costs and simplified permitting for the infrastructure 

funding agency when offsite compensatory mitigation is required 

• Fewer permitting or regulatory delays resulting from the need to find 

mitigation solutions 

• Greater ecological and financial predictability 

• Mitigation site planning, management, and monitoring efficiencies 

• The ability to focus on large-scale conservation to benefit sensitive 

species through higher quality habitat, improved connectivity between 

habitat areas, and better long-term protection  

• The ability to leverage and assist ongoing conservation efforts taking 

place at the local and state level 

• Greater “co-benefits” to the environment and community, including 

cleaner water and air, open space and recreational opportunities, and 

improved public health 

Where offsite mitigation is needed, RAMP potentially provides greater 

ecological and financial predictability and can better align project 

mitigation with regional conservation priorities. If cost savings are realized 

via RAMP, it could allow infrastructure bond funding to be used for even 

more flood protection measures and transportation projects, and result in a 

higher level of protection for State resources. More information about 

RAMP is available at https://rampcalifornia.water.ca.gov. 
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3.0 Acronyms and Abbreviations 

Board ........................ Central Valley Flood Protection Board 

Caltrans ..................... California Department of Transportation 

Conservation Strategy Central Valley Flood System Conservation 
Strategy 

CVFPP ...................... Central Valley Flood Protection Plan 

DFG .......................... Department of Fish and Game 

DWR ......................... California Department of Water Resources 

HCP .......................... Habitat Conservation Plan 

NCCP ........................ Natural Community Conservation Planning 

RAMP ........................ regional advance mitigation planning 

SPFC ........................ State Plan of Flood Control 

State .......................... State of California 

USACE ...................... U.S. Army Corps of Engineers 

USFWS ..................... U.S. Fish and Wildlife Service 
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1.0 Introduction 
This section states the purpose of this attachment, gives background 
information (including a description of planning areas and goals), discusses 
the scope of the status and trends assessment, and provides an overview of 
the report organization. 

1.1 Purpose of Status and Trends Report 

The purpose of this status and trends report is to summarize the current 
status and historical trends of riparian and riverine ecosystems in the 
Systemwide Planning Area for the Central Valley Flood Protection Plan 
(CVFPP). This area includes lands that are subject to flooding under the 
current facilities and operation of the Sacramento-San Joaquin River Flood 
Management System. The lands that currently receive protection from the 
State Plan of Flood Control (SPFC) are entirely within the SPA. 

The summary of status and trends in this report is intended to document the 
need for and support of the development of the Conservation Framework. 
The Conservation Framework will be a component of the 2012 CVFPP and 
the Central Valley Flood System Conservation Strategy (CVFSCS). It will 
describe how environmental stewardship would be an integral part of 
CVFPP actions to improve integrated flood management in lands currently 
protected by facilities of the SPFC flood management system in the 
SPA. The CVFSCS will identify opportunities in the SPA to promote 
natural dynamic hydrologic and geomorphic processes; increase and 
improve the quantity, diversity, and connectivity of habitats; and promote 
the recovery and stability of native species’ populations. 

This interim report, developed to support the 2012 CVFPP, will be 
followed by a more complete report to be prepared at a later date, in 
concert with the CVFSCS, during development of the 2017 CVFPP. 

1.2 Background 

As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the CVFPP, for adoption by the Central Valley Flood Protection 
Board (Board).  The 2012 CVFPP provides a systemwide approach to 
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protecting lands currently protected from flooding by existing facilities of 
the SPFC, and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to support formulation of system improvements.  These analyses were 
conducted in the Sacramento River Basin, San Joaquin River Basin, and 
Sacramento-San Joaquin Delta (Delta).  

As a supplement to the CVFPP, this status and trends report is intended to 
provide SPFC planners and engineers with relevant ecological background 
on Sacramento Valley and San Joaquin Valley riparian and riverine 
ecosystems, including an overview of the hydrologic and geomorphic 
processes that contribute to the structure and function of these ecosystems. 
It focuses on stressors specifically related to operations and maintenance of 
the SPFC so that flood system planners and engineers can understand the 
ecological consequences of previous flood management decisions and 
consider the potential ecological consequences of management actions 
considered as part of the 2012 CVFPP. 

1.3 CVFPP Planning Areas 

For planning and analysis purposes, and consistent with legislative 
direction, two geographical planning areas were important for CVFPP 
development (Figure 1-1): 

• SPFC Planning Area – This area is defined by the lands currently 
receiving flood protection from facilities of the SPFC (see State Plan of 
Flood Control Descriptive Document (DWR, 2010)).  The State of 
California’s (State) flood management responsibility is limited to this 
area. 

• Systemwide Planning Area – This area includes the lands that are 
subject to flooding under the current facilities and operation of the 
Sacramento-San Joaquin River Flood Management System (California 
Water Code Section 9611).  The SPFC Planning Area is completely 
contained within the Systemwide Planning Area which includes the 
Sacramento River Basin, San Joaquin River Basin, and Delta regions. 

Planning and development for the CVFPP occurs differently in these 
planning areas.  The CVFPP focused on SPFC facilities; therefore, 
evaluations and analyses were conducted at a greater level of detail within 
the SPFC Planning Area than in the Systemwide Planning Area. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Areas 
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This status and trends report focuses on the Systemwide Planning Area. 

1.4 2012 CVFPP Planning Goals 

To help direct CVFPP development to meet legislative requirements and 
address identified flood-management-related problems and opportunities, a 
primary and four supporting goals were developed: 

• Primary Goal:  Improve Flood Risk Management 

• Supporting Goals: 

- Improve Operations and Maintenance 

- Promote Ecosystem Functions 

- Improve Institutional Support 

- Promote Multi-Benefit Projects 

This attachment provides the important background necessary for 
achieving the goal of promoting ecosystem functions. 

1.5 Scope of Status and Trends Assessment 

This report is not intended to be an exhaustive description of the SPA’s 
riparian and riverine ecosystems. Rather, it focuses on describing key 
relationships among the Sacramento Valley’s and San Joaquin Valley’s 
river flows, geomorphic processes, and ecosystem responses that are 
relevant for understanding how these ecosystems function and how key 
stressors have modified these ecosystems historically and continue to 
modify them today. It also identifies key data gaps regarding stressors and 
current status and trends. Documenting these relationships is an important 
initial step in the development of a CVFSCS. 

This report examines only those hydrologic and geomorphic processes that 
are most strongly linked to ecosystem functions, and it focuses on 
representative habitats and species that are most indicative of Sacramento 
Valley and San Joaquin Valley riparian and riverine ecosystems. Similarly, 
the report assesses the effects of only a limited number of stressors that are 
thought to have had the greatest effect on hydrologic and geomorphic 
processes and related riparian and riverine habitats. These stressors are 
strongly linked to the operations and maintenance of the SPFC because 
these stressors are most likely to be mitigated through potential 
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modifications to the SPFC adopted as part of the CVFPP. As stated above, 
it is intended to provide a foundation for a more detailed assessment 
conducted during development of the CVFSCS. Processes and related 
habitats, stressors on these processes and habitats, and interrelationships 
among processes, habitats, and stressors discussed in this ecological status 
and trends report are shown on Figure 1-2. 

 
Source: Prepared by AECOM in 2011  
Figure 1-2.  Relationships Among Hydrologic and Geomorphic 
Processes, Habitats, and Representative Species of Sacramento and 
San Joaquin Valley Streams 

1.6 Report Organization 

Organization of this document is as follows: 

• Section 1 introduces and describes the purpose of this report. 

• Section 2 describes the ecological history of the Sacramento Valley’s 
and San Joaquin Valley’s riparian and riverine ecosystems, how these 
ecosystems historically functioned, and early stressors on these 
ecosystems that have contributed to their current status and observed 
trends. 

• Section 3 builds from the relationships illustrated on Figure 1-2 and 
describes the ecological relevance of the hydrologic and geomorphic 
processes emphasized in this report and the mechanisms by which these 
processes interact with each other and affect the ecosystem functions of 
Sacramento Valley and San Joaquin Valley riparian and riverine 
habitats. Additionally, it describes the mechanisms by which specific 
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stressors negatively affect hydrologic, geomorphic, and ecosystem 
processes. 

• Section 4 assesses the status and trends of Sacramento Valley and San 
Joaquin Valley hydrologic processes, geomorphic processes, and 
related habitats through a series of metrics calculated from readily 
available data described in detail in Section 4. Each metric is described 
in a concise summary that identifies the rationale for selecting that 
metric to illustrate a particular process or habitat status, trend, or 
stressor; describes how the metric was developed and analyzed; and 
identifies the primary conclusion that can be drawn from each metric. 
The assessment relies heavily on graphical representations of each 
metric (e.g., charts or maps). 

• Section 5 summarizes data gaps documented during the analysis of 
status, trends, and stressor metrics and highlights the potential for 
conceptual ecological models as a planning tool for the CVFSCS. Key 
data gaps need to be documented and the utility of conceptual 
ecological models needs to be highlighted because this report is 
intended to serve as the framework for a future, more comprehensive 
report developed as part of the CVFSCS. 

• Section 6 contains references for the sources cited in this document. 

• Section 7 lists abbreviations and acronyms used in this document. 
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2.0 Historical Conditions and 
Modifications of Central Valley 
Riparian and Riverine 
Ecosystems 

This section describes the historical conditions of the Sacramento Valley 
and San Joaquin Valley riparian and riverine ecosystems before the Gold 
Rush and the subsequent modification of these ecosystems associated with 
settlement and development. The description of historical conditions and 
modifications provides a framework for understanding the origins of 
conditions observed today. 

2.1 Sacramento Valley Ecosystems 

 Pre-1850 Riparian and Riverine Ecosystems 2.1.1
The Sacramento River is more than 400 miles long and drains a watershed 
of more than 27,000 square miles. Inflow to the Delta in an average water 
year is approximately 21.3 million acre-feet (URS Corporation, 2007). The 
Sacramento River is mainly a rainfall river, with discharges that before the 
construction of major dams on average peaked in February to April (see 
Section 4). High flow variability and limited channel capacities resulted in 
frequent flooding of the lowland basins that cover most of the Sacramento 
Valley floor: the Butte, Marysville, Colusa, Sutter, American, Yolo, and 
Sacramento basins (Singer et al., 2008). Before the construction of major 
dams, the Sacramento River carried large amounts of sediment that was 
deposited along broad natural levees that bordered the river channel during 
overbank flows (James and Singer, 2008). At flood stages, the river flowed 
into its flood basins through openings in the natural levees and deposited 
large amounts of silt. In these flood basins, known as “tulares,” large 
expanses of freshwater marsh were dominated by common tule 
(Schenoplectus acutus) (Figure 2-1). 

In the Sacramento Valley, the Sacramento River and its major tributary, the 
Feather River, are affected by valley tectonics and geology (Singer et al., 
2008). Upstream from Red Bluff, the Sacramento River descends to the 
Sacramento Valley floor mostly between bedrock bluffs. In this reach, 
there is little opportunity for the river to meander or to overflow onto 
adjacent floodplains. Downstream from Red Bluff, the Sacramento River is 
a broadly meandering, alluvial river until it reaches the city of Colusa.  
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Source: Alexander et al., 1874 
Figure 2-1.  Extent of “Overflowed Lands” (Tule Marshes) (Shaded Area) in the Sacramento  
Valley in 1873 
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There, it encounters a buried geologic formation known as the Colusa 
Dome. 

The presence of the Colusa Dome has resulted in the surface expression of 
a Modesto Formation outcrop, an erosion-resistant Pleistocene alluvial 
geologic formation commonly encountered in the Sacramento and San 
Joaquin valleys (Singer and Dunne, 2001). At this point, the river is 
deflected east, where it passes between the Colusa Dome and the Sutter 
Buttes, causing a sequestration of water and sediment in the reach upstream 
from this deflection point and a decrease in downstream channel capacity 
of approximately 70 percent (Singer et al., 2008). 

Another major geologic control is formed by the Pleistocene alluvial fan of 
Cache Creek, a westside tributary. This obstacle causes the river to run 
eastward to the confluence with the Feather River at Verona. Because 
backwaters would be created here historically during floodflows, the 
Knights Landing Ridge Cut was dug through the Cache Creek fan in 1915 
to bring floodflows to the Yolo Bypass. 

The land surface of the basins in the Sacramento Valley outside the natural 
levees has historically subsided and is lower in elevation than the 
floodplains directly along the river corridor (Singer et al., 2008). In some 
reaches, such as at the south side of the river between Knights Landing and 
Verona, at the current site of the Fremont Weir, the river frequently broke 
through the natural levees and deposited “alluvial splays” within the 
subsided basins. 

The pre-1850 vegetation of the Sacramento Valley reflected the valley’s 
geomorphology. The subsided basins of the valley floor where the rivers 
deposited silts and clay during flood stage supported extensive tule 
marshes. The total area of tule marshes and other associated wetlands and 
open water was estimated by The Bay Institute (1998) by digitizing maps 
developed by Hall (1887, cited in The Bay Institute, 1998) and Alexander 
et al. (1874) (Figures 2-1 and 2-2). The total extent of wetlands in 1873 
was estimated at approximately 300,000 acres in the Sacramento Valley 
(The Bay Institute, 1998). 

The historical acreage of marshes and other types of wetlands in the 
riparian zone of the Sacramento Valley was estimated at 87,000 acres, the 
remainder of the 300,000 acres of wetland was mostly tule marsh in the 
basins (The Bay Institute, 1998). Riparian forest that occupied the natural 
levees and adjacent alluvial lands (e.g., splays) along the Sacramento River 
in the Sacramento Valley has been estimated at 364,000 acres (The Bay 
Institute, 1998). Because the disturbance regime along the channel and 
floodplain of the river was highly dynamic, with ongoing meandering 
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processes forming point bars at the inside of bends and eroding steep banks 
at the outside of bends, the riparian habitat was diverse, with a mosaic of 
patches of different riparian habitat types (see Section 3). At its upland 
edges, the riparian forest graded into grassland and valley oak woodland. 

The grasslands and woodlands associated with the riparian zone occupied 
approximately 186,000 acres of the Sacramento Valley (The Bay Institute, 
1998). 

 
Source: Alexander et al., 1874 
Figure 2-2.  Extent of “Overflowed Lands” (Tule Marshes) (Shaded Area) in the  
San Joaquin Valley in 1873 
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Historically, aquatic habitat in the Sacramento River and its tributaries was 
more diverse and variable than it is under current conditions. Periodically 
flooded basins provided seasonal rearing habitat for many native fish 
species, including salmonids (Sommer et al., 2001, 2003). Riparian forest 
canopies provided inputs of organic material, including large woody 
material (LWM), which provided abundant instream structure, shade, and 
reduced water temperatures, important habitat components for migrating 
salmonids and other native fish species. Salmonid fish species had access 
to their spawning grounds in the foothills and mountains and were 
historically much more abundant than today (Moyle, 2002). Historically, 
the dead Chinook salmon (Oncorhynchus tshawytscha) provided an 
estimated nutrient input of 20 million to 80 million pounds of organic 
matter per year for the entire Central Valley ecosystem (Moyle and 
Yoshiyama, 1992, cited in The Bay Institute, 1998). The abundant salmon 
fed numerous wildlife species, including the now extinct California grizzly 
bear (Ursus arctos horribilis). 

Riparian and marsh vegetation of Sacramento Valley floodplains and 
flooded basins also supported abundant wildlife. The high diversity of 
riparian forest most likely supported a diverse assemblage of breeding 
birds. The tule marshes supported large numbers of waterfowl, and other 
species, such as beaver (Castor canadensis), and tule elk (Cervus 
canadensis ssp. nannodes) (The Bay Institute, 1998). 

 Historical Modifications of the Riparian and 2.1.2
Riverine Ecosystems 

In the 1850s, American and European settlers of the Sacramento Valley 
drained and cultivated the fertile flood basins and dug irrigation canals and 
ditches to provide their fields with water diverted from the Sacramento 
River and its tributaries. Floods in the early 1850s led the communities to 
build protective levees (James and Singer, 2008). 

The Sacramento River spilled into its natural flood basins at relatively low 
flood stages. The construction of levees resulted in increased flood stages 
and velocities and more serious flooding when floods did occur. To counter 
the increased flooding severity, levees were built along longer stretches of 
the river and tributaries and were incrementally increased in height (James 
and Singer, 2008). Competing levee districts often knowingly exacerbated 
flooding in neighboring lands by building higher levees on their lands that 
forced flooding onto adjacent lands. These “levee wars” lasted until 1876, 
when building dams and levees that endangered others was outlawed in 
California (James and Singer, 2008). 

At the same time, hydraulic mining became increasingly common in the 
northern Sierra Nevada. This practice produced large amounts of sediment 
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that was delivered in torrents to the Sacramento Valley, starting in the early 
1860s. It caused increased flooding along rivers of the Sacramento Valley 
(i.e., the lower Yuba, Feather, Bear, American, and Sacramento rivers) 
because it raised channel beds, and decreased channel gradients and flood 
conveyance capacity (James and Singer, 2008). Hydraulic mining on 
tributaries to navigable rivers was halted by the Sawyer Decision in 1884, 
but storage and remobilization of sediment continue to this day (James and 
Singer, 2008). Sediment delivery from the mountains to the valley was 
stopped by major dams built from 1928 to 1967 (Table 2-1). 

Table 2-1.  Major Human Activities that Affected the Hydrology of the 
Sacramento River, 1849–2010 

Year Activity 

1849 Gold Rush started 

1852 Hydraulic mining started 

1884 Federal injunction banned the use of hydraulic mining unless sediment was 
controlled (Woodruff v. North Bloomfield et al.) 

1895 (Old) Folsom Dam constructed  

1902 Sutter Butte Canal Company started construction of large facilities near Gridley 

1912 Construction of Goodwin Dam completed on Stanislaus River 

1914 
Sacramento River Flood Control Project levees constructed for improved flood 
control and navigation, and to minimize flooding related to increased elevation of 
riverbed caused by mining debris 

1916 Sacramento Weir constructed (releases to Sacramento Bypass started) 

1924 (Old) Bullards Bar Dam completed on Yuba River  

1924 Fremont Weir constructed (releases to Yolo Bypass started) 

1933 Colusa Weir constructed (releases to Colusa and Sutter basins started) 

1944 Construction of Shasta Dam completed on Sacramento River 

1950 Construction of Keswick Dam completed on Sacramento River downstream from 
Shasta Dam 

1955 Construction of Nimbus Dam and power plant completed on American River 

1956 Construction of Folsom Dam completed on American River  

1960 Sacramento Ship Channel constructed 

1963 Construction of Whiskeytown Dam completed on Clear Creek (tributary to 
Sacramento River) 

1963 
Construction of Lewiston Dam completed on Trinity River, and Clear Creek 
Tunnel, which transfers water from Trinity River to Whiskeytown Lake in the 
Sacramento River watershed, completed 

1964 Construction of Trinity Dam completed on Trinity River 

1967 Construction of Oroville Dam completed on Feather River 

1969 Construction of New Bullards Bar Dam completed on Yuba River 
Sources: Reclamation, 1997, pp. II-7 through II-14; James and Singer, 2008, p. 132 
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In the late 19th century, the state and federal governments’ flood control 
strategy in the Sacramento Valley focused on a single-channel system, with 
tall, narrowly spaced levees, to encourage bed scour that would remove 
mining debris and improve opportunities for navigation. After the 
California Debris Commission was formed in 1893, state-federal 
cooperation on flood control started, and a systemwide review of the flood 
control system was initiated. After major floods in 1907 and 1909, the 
California Legislature and U.S. Congress adopted the Jackson Plan, which 
proposed a system of flood bypasses and weirs, widening of the 
Sacramento River channel near Rio Vista, and many miles of levees. The 
levee system incorporated existing levees and the construction of new 
levees. About 200 miles of levees along the main river channels below 
Colusa were narrowly spaced to promote bed scour, 300 miles of levees 
were located along tributaries and sloughs, and a setback reach was 
incorporated upstream from Chico Landing. Because federal funding was 
not immediately available, construction of the Sacramento River Flood 
Control Project did not start until 1918. The Sacramento River Flood 
Control Project is a system of levees, weirs, flood relief structures, and 
bypasses that was designed to route floodflows from the Sacramento River 
into a system of bypasses, while additional flood control is provided by 
major dams. By 1944, 90 percent of the project was completed. Major 
flood control was also provided by Shasta Dam, and additional flood 
protection was provided with the closure of Oroville Dam in 1968. Five 
major weirs were constructed between 1916 and 1933 that allowed the river 
to overflow into bypasses at specific flood stages or overflow into the Butte 
Basin designated floodways to make their way into the bypass system. 
These bypasses incorporated to some degree the historical flood basins 
described above. 

In addition to providing flood control, major dams were constructed to 
manage irrigation water and generate electricity. Multipurpose dams 
provide flood storage, but were not economically justified for the purpose 
of flood control alone. The Sacramento River Flood Control Project should, 
therefore, be considered within the context of the larger water management 
system of the federal Central Valley Project and the State Water Project. 
Reservoir operations include consideration of flood management and the 
supply of water to agricultural, industrial, and municipal water users in the 
Central Valley, the Delta, Bay Area (Contra Costa, Santa Clara and Napa 
counties), and Southern California. Reservoir operations also are adjusted 
for environmental purposes; for example, to maintain prescribed levels of 
fresh water in the Delta for the benefit of native fish species. 

The conversion of tule marshes and other wetlands, grasslands, oak 
woodlands, and riparian habitats to agricultural lands on much of the valley 
floor has resulted in changes in water demand. Water diverted from the 
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rivers has been supplemented with groundwater, and groundwater pumping 
has led to a drop in groundwater levels that locally may affect riparian 
vegetation. The need for irrigation water in summer and fall also has led to 
reservoir operations that cause higher base flows during summer and fall 
than occurred before European settlement. This has  resulted in higher than 
historical groundwater levels during this period (see Section 4). 

The riparian and riverine ecosystems of the Sacramento River and its 
tributaries have been affected by the major changes in land use and the 
resulting need for flood control, and water management. The primary 
change is that the area of natural habitat has been greatly reduced. Based on 
1993 California Department of Fish and Game (DFG) geographic 
information system (GIS) data, The Bay Institute (1998) concluded that 
less than 5 percent of the historically mapped wetlands in the Central 
Valley remain. Most remaining wetlands today are located on federal and 
state wildlife areas and on private duck clubs that are managed as 
waterfowl habitat. They are not directly connected to the river and typically 
are flooded from October to spring. Katibah (1984) estimated that 102,000 
acres of riparian forest remained in the Central Valley, or about 11 percent 
of the pre-1850 area. He also estimated that of this area, 49,000 acres were 
in “disturbed and/or degraded” condition. The Bay Institute (1998) 
concluded, based on the 1993 DFG GIS data, that approximately 56,000 
acres of riparian forest remains, or approximately 6 percent of the pre-1850 
acreage. Much of this riparian habitat is highly fragmented or occurs as 
narrow strips along waterways. Habitat quality has been further degraded 
as the result of invasive plant species occurring in riparian habitats, such as 
saltcedar (Tamarix spp.) and giant reed (Arundo donax). These species 
have become especially abundant in stream reaches where geomorphic 
processes have been disturbed by sand and gravel mining and other 
disturbances. 

The riverine (aquatic) habitat of today is also modified greatly from the 
pre-1850 condition. The channels have in many areas been straightened, 
and 150 miles of bank of the Sacramento River have been lined with riprap 
(The Bay Institute, 1998). In summer, the water tends to be deeper and of 
more uniform depth than it was before 1850, when aquatic habitats were 
much more diverse. Major dams on the main stem of the Sacramento River, 
the Feather River, and other Sacramento River tributaries has led to a 
substantially modified hydraulic regime with greatly reduced winter peak 
flows and increased summer flows that convey irrigation water to 
downstream diversions. The sediment supply has been altered, first by 
hydraulic mining and subsequently by dam construction. The reduction of 
riparian forest acreage has led to the reduced recruitment of woody material 
to the river and the reduced inputs of organic material into the water. The 
reduction in riparian tree acreage along streambanks has also led to a 
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reduction in shade and changes in temperature regimes. Bypasses still 
provide seasonal habitat for native fish species (Sommer et al., 2003); 
however, the frequency and duration of inundation may be reduced 
compared to conditions before 1850. Many unscreened diversions along the 
rivers cause fish mortality, and because of blockage by dams, most 
potential spawning habitat for salmonids is no longer accessible (The Bay 
Institute, 1998). Salmon populations, conservatively estimated at 1 million 
to 2 million spawners in the Central Valley before European settlement, 
declined to small fractions of these previous numbers as the result of 
overfishing, blockage and damage of streams by mining, and modifications 
of flows by dams and water diversions (Yoshiyama et al., 1998). Other 
native fish species have also been impacted by these stressors, which are 
described in more detail in Sections 3 and 4. 

Although no baseline data are available, the reduction in overall riparian 
habitat area has no doubt reduced the abundance of wildlife species 
supported by riparian habitat. For example, the western yellow-billed 
cuckoo (Coccyzus americanus occidentalis), a state-listed endangered 
species and a federal candidate for listing under the Endangered Species 
Act, breeds in large patches of well-developed, riparian habitat patches that 
were more abundant historically than today along the Sacramento River 
(Greco, 2008). California population size at the end of the 19th century was 
estimated at15,000 breeding pairs (Hughes, 1999, cited in 66 Federal 
Register 38614, July 25, 2001). Recently, the Sacramento River population 
of this species has declined from 96 pairs in 1973 to 40 pairs in 2000 
(Greco, 2008). A survey conducted in 2010 estimated 38 existing territories 
that each could be occupied by a pair or individual bird (Dettling and 
Howell, 2011). To what extent the decline is attributable to loss of 
Sacramento River riparian habitat is unknown. However, this decline 
underscores the importance of conserving this riparian habitat-dependent 
species. 

2.2 San Joaquin Valley Ecosystems 

 Pre-1850 Riparian and Riverine Ecosystems 2.2.1
The San Joaquin River is 330 miles long and drains an area of 15,558 
square miles, or 58 percent of the size of the Sacramento River watershed. 
Inflow to the Delta in an average water year is approximately 2.8 million 
acre-feet, or 13 percent of the Sacramento River inflow (URS Corporation, 
2007). The San Joaquin River is mainly a snowmelt river, with discharges 
that peak on average in May and June (see Section 4). 
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The San Joaquin River is inset between terraces as it descends with a low 
sinuosity into the San Joaquin Valley and down to Gravelly Ford. 
Historically, the river was flanked by at least two terraces at 40 feet and 20 
feet above the current riverbed (Jones & Stokes Associates, 1998a). A 
diversity of riparian vegetation types representing different successional 
stages was supported by the river in this reach before Friant Dam was 
constructed, including riverwash (bare gravel and sand), riparian scrub, 
cottonwood-willow riparian forest, mixed riparian forest, riparian forest 
dominated by valley oak (Quercus lobata), and substantial areas of 
herbaceous wetlands (Jones & Stokes Associates, 1998b, 2002). 

At Gravelly Ford, the alluvial fan of the San Joaquin River meets the valley 
floor. The valley slope increases here, resulting in increased river sinuosity 
until, near the city of Mendota, the river reaches the confluence with the 
Kings River North (current James Bypass), which drained the former 
Tulare Lake. At this confluence, the San Joaquin River bends north and 
extends along the main axis of the San Joaquin Valley. Before Friant Dam 
was constructed, vegetation in this reach was characterized by extensive 
wetlands, riparian scrub, and riparian forest (Jones & Stokes Associates, 
1998b, 2002). 

After the San Joaquin River moves north, sinuosity declines as the slope of 
the river decreases. The river historically formed a single channel (Jones & 
Stokes Associates, 1998a) with diverse riparian habitat. This single-channel 
reach ended approximately 20 river miles to 25 river miles downstream 
from the confluence with the Kings River North, at the edge of a historical 
basin, where the river branched into multiple channels and where large 
expanses of marshes were supported (Figure 2-2) (see also The Bay 
Institute, 1998, Appendix A, Map G6). The interconnected channels of the 
basin historically stored and conveyed floodflows that were collected in 
Mud, Salt, and Sand sloughs, which join the San Joaquin River above the 
confluence with the Merced River. The alluvial fan of the Merced River 
functions as grade control for the San Joaquin River (Jones & Stokes 
Associates, 1998a). Historically, floodflows backed up upstream from the 
confluence with the Merced River, and extensive tule marshes were located 
in this reach (Figure 2-2). 

The width of the riparian zone and stretches of marsh varied between the 
confluence with the Merced and Stanislaus rivers. Downstream from the 
confluence with the Stanislaus River, the San Joaquin River spread into a 
broad delta covered with tule marshes (Figure 2-2). 

The major tributaries of the San Joaquin River, including the Merced, 
Tuolumne, and Stanislaus rivers, supported their own riparian zones. The 
remaining remnant of primary riparian forest at Caswell Memorial State 
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Park on the Stanislaus River provides a glimpse into the historical riparian 
forest conditions, with massive valley oak trees growing on natural levees 
along the river meanders. These riparian forests gradually became oak 
woodlands and grasslands on higher ground. The Mokelumne, Cosumnes, 
and Calaveras rivers drain into the San Joaquin River in the Delta, each 
supporting abundant riparian habitat along its banks (The Bay Institute, 
1998, Appendix A, Map G6). 

The historical extent of the riparian zone in the San Joaquin Valley was 
approximately 329,000 acres, about half the extent in the Sacramento 
Valley (The Bay Institute, 1998). In the San Joaquin Valley, riparian zones 
were generally present in narrower bands than in the Sacramento Valley. 
The riparian zone was heterogeneous with patches of forest and woodland 
in drier spots, surrounded by tule marshes (The Bay Institute, 1998). 

The pre-1850 San Joaquin River and its major tributaries supported 
abundant runs of spring- and fall-run Chinook salmon (Cain, 1997). As 
described for the Sacramento River, the dead salmon historically provided 
substantial nutrient input to the San Joaquin River ecosystem and fed 
numerous wildlife species. As in the Sacramento Valley, the high diversity 
of riparian forest most likely supported a diverse assemblage of breeding 
birds. The tule marshes supported large numbers of waterfowl. 

 Historical Modifications of the Riparian and 2.2.2
Riverine Ecosystems 

Major modifications to the San Joaquin River and its tributaries include the 
construction of diversion facilities for irrigation, including Friant Dam, 
which also has a flood management function; construction of flood control 
levees and channelization (including straightening) of the river; 
encroachment of agriculture and urban land uses into the floodplain; and 
aggregate mining in the upper reaches of the San Joaquin River and its 
tributaries. Table 2-2 lists major modifications that have led to changes in 
San Joaquin River hydrology. 
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Table 2-2.  Major Human Activities That Affected the Hydrology of the 
San Joaquin River, 1849–2010 

Year Activity 

1849 Gold Rush started 

1871 Mendota Dam (Weir) constructed 

1872 Miller & Lux Canal constructed along west side of San Joaquin Valley to 
convey water from San Joaquin River 

1912 Goodwin Dam completed on Stanislaus River 

1916 Newer Mendota Dam constructed on San Joaquin River with a movable 
section to allow navigation 

1919 Exchequer Dam and Power Plant constructed by Merced Irrigation District  

1923 O’Shaugnessy Dam constructed on Tuolumne River (Hetch Hetchy 
Reservoir created) 

1923 Don Pedro Reservoir constructed on Tuolumne River 

1924 Melones Dam constructed on Stanislaus River 

1929 Construction of Pardee Dam completed on Mokelumne River 

1940 Water diversions started in Contra Costa Canal 

1944 Construction of Friant Dam completed on San Joaquin River 

1951 Construction of Delta Cross Canal, Delta-Mendota Canal, and Tracy 
Pumping Plant completed 

1958 Construction of Tulloch Dam completed on Stanislaus River 

1963 New Hogan Dam completed on Calaveras River 

1963 Construction of Camanche Dam completed on Mokelumne River 

1959-1966 Implementation of the Lower San Joaquin River Flood Control System, 
including construction of bypass system, above Merced River 

1967 Construction of San Luis Canal and Dam completed 

1967 Construction of New Exchequer Dam completed on Merced River 

1967 Construction of State Water Project Delta pumps and California Aqueduct 
completed  

1970 Construction of New Don Pedro Dam completed on Tuolumne River 

1978 Construction of New Melones Dam completed on Stanislaus River 

1992 Central Valley Project Improvement Act enacted 

1998 Los Vaqueros Reservoir completed 

Sources: Reclamation, 1997, pp.II-7 – II-14; James and Singer, 2008, p. 132 
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The first major changes to the San Joaquin River were facilities built for 
irrigation, including the Miller & Lux Canal, a major canal built on the 
west side of the San Joaquin Valley that was completed in 1872 (Table 2-
2). Frequently, temporary dams were placed in the river to divert irrigation 
water. These dams usually failed during floodflows in winter. One of the 
major examples is Sack Dam, which was originally built from sand bags, 
but is now a permanent structure, and which diverts water into the Arroyo 
Canal. A diversion dam at Mendota was first built in 1871 and has been 
replaced several times since then. The Mendota Pool behind this dam is a 
major diversion point for irrigation water. The most important changes to 
the hydrology of the San Joaquin River occurred when Friant Dam was 
completed in 1944 and when the Delta-Mendota Canal was completed in 
1951 (Table 2-2). 

Friant Dam intercepts all San Joaquin River water except floodflows and 
flows needed to maintain water rights downstream from the dam to 
Gravelly Ford. Almost all water released from Friant Dam is routed into 
two major irrigation canals. The result is that the reach between Gravelly 
Ford and the Mendota Pool has been dry during a large part of the year. In 
some cases, this reach can be dry continuously for several years. The Delta-
Mendota Canal brings high-quality Delta water to the Mendota Pool. Some 
of the water is taken out of Mendota Pool for irrigation, and some of it 
moves down the river where it is diverted into numerous canals, such as the 
Arroyo Canal. Near the Sand Slough Control Structure, the flow has 
become so small that the river passes through a culvert. 

The system of sloughs that enter the river upstream from the confluence 
with the Merced River captures agricultural return water and carries it back 
into the river. The quality of this water is poor. Groundwater in this reach 
of the river also appears to be of relatively poor quality because it has high 
levels of boron and salt (Jones & Stokes Associates, 1998a). 

Although local levees have existed along the San Joaquin River since the 
19th century, the San Joaquin River Flood Control Project levees were 
constructed between 1956 and 1972 by the state and federal Lower San 
Joaquin River and Tributaries Project from the Delta upstream to the 
Merced River. Additional modifications were completed in the 1980s. In 
the upper reaches from the Delta to Mossdale in the Stockton Area, the 
levees are frequently narrowly spaced. Below Mossdale, near the Stanislaus 
River, they become more set back and often are on just one side of the 
river. Between the Stanislaus River and Merced River, levees are 
discontinuous, allowing some overflow during high waters. In this reach, 
Paradise Cut Bypass carries floodwaters directly to Old River and Delta 
channels. 
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Immediately upstream from the Merced River to the beginning of the 
bypass system near the Sand Slough Control Structure, project levees 
alternate between being located on only the east side or on both sides of the 
San Joaquin River. Upstream from this point, between the San Joaquin 
Flood Control Structure and Fresno Slough, about 45 miles of the San 
Joaquin River have no SPFC levees or facilities. This reach differs from the 
downstream reaches in that it is not a single channel, but rather an 
anabranching river system with Salt Slough, Sand Slough, Mariposa 
Slough, and the San Joaquin River in parallel channels. 

The Chowchilla, Eastside, and Mariposa bypass system intercepts flows 
from Bear Creek, Owens Creek, Chowchilla River, Ash Slough, Berenda 
Slough, and the Fresno River in addition to two-thirds of the San Joaquin 
River’s higher flows. Initially, the U.S. Army Corps of Engineers 
(USACE) recommended that approximately 118,000 acres of grassland 
floodplain between Friant Dam and the Merced River be retained as flood 
detention basins, in lieu of flood protection works (Reclamation Board, 
1966).  Instead, between 1956 and 1966, the state designed and constructed 
the Eastside Bypass system from the Merced River upstream to the head of 
the Chowchilla Bypass, isolating about 240,000 acres of floodplain from 
the San Joaquin River (Mussetter Engineering and Jones & Stokes 
Associates 2002). 

In some areas, the soil may not be suitable for farming – for example, in the 
reach upstream from the confluence with the Merced River, where a 
claypan subsoil makes cultivation difficult. Here, higher ground is used as 
pastureland, and lower areas have been converted to state wildlife 
management areas, federal national wildlife refuges (e.g., the San Luis 
National Wildlife Refuge Complex), or private duck clubs (e.g., many 
acres of private wetlands in the Grasslands Irrigation District). These 
wetland areas provide important wintering habitat for waterfowl that 
migrate along the Pacific Flyway. 

Flow regulation by Friant Dam has had a dramatic effect on riparian 
habitats. Without scouring flows, natural succession has progressed 
uninterrupted in most areas, and early successional stages of riparian 
vegetation, such as riverwash, riparian scrub, and cottonwood-willow 
forest, have declined in cover, while the extent of mixed riparian forest has 
increased (Jones & Stokes Associates, 1998b, 2002). In some reaches – for 
example, downstream from Mendota Dam – riparian forest flourishes 
directly along the channel because of continual high base flows. 
Downstream from Sack Dam, riparian vegetation completely covers the 
riverbed because floodflows bypass these areas, but they remain wet 
throughout the summer because of leakage through the dam or agricultural 
runoff (Jones & Stokes Associates, 1998a). 
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As described for the Sacramento River, the reduction in overall riparian 
habitat area has no doubt reduced the abundance of wildlife species 
supported by riparian habitat. A number of neotropical migrant songbirds 
breed in riparian scrub, such as the least Bell’s vireo (Vireo bellii pusillus), 
which is state- and federally listed as endangered, but riparian scrub habitat 
for these species has been greatly reduced along the San Joaquin River 
(Jones & Stokes Associates, 1998b, 2002). 

The dry sections of the San Joaquin River form a major obstacle to 
migration by salmonids. As the result of a legal settlement, the U.S. 
Department of Interior, Bureau of Reclamation (Reclamation), is restoring 
a self-sustaining Chinook salmon population to the San Joaquin River 
between the Merced River and Friant Dam. The Merced, Tuolumne, and 
Stanislaus rivers each have remnant Chinook salmon runs that spawn 
below the major dams on these rivers (on the Merced River, salmon are 
also reared in a hatchery). On each of these rivers, active riparian and 
riverine habitat restoration projects have been implemented to improve 
Chinook salmon habitat, including the isolation of instream gravel pits 
from the river channel. A whole community of native fish, including hitch 
(Lavinia exilicauda), California roach (Lavinia symmetricus), hardhead 
(Mylopharodon conocephalus) and others that were present in the 19th 
century in the San Joaquin River at Friant have been replaced by largely 
nonnative species such as largemouth bass (Micropterus salmoides) and 
common carp (Cyprinus carpio) (Moyle 2002, Table 9). The largest change 
in fish community composition occurred after the construction of Friant 
Dam. 

The operation of Friant Dam has prevented the regeneration of willows and 
cottonwoods. Typically, these species germinate in June on bare sand or 
gravel bars that under natural conditions typically would be deposited by a 
moderate-sized flood (e.g., 10-year flood) in western rivers (Stromberg et 
al., 1991; Scott et al., 1997; Shafroth et al., 1998). After seed of these 
species is dispersed by wind in spring and early summer, they may 
germinate, but the abrupt termination of almost all flow releases in spring 
or early summer causes these seedlings to die. Early age classes of willows 
(e.g., black willow (Salix gooddingii) and Fremont cottonwood (Populus 
fremontii) are therefore almost absent from much of the San Joaquin River. 
A pilot project initiated by the Friant Water Users Authority and the 
Natural Resources Defense Council in 1999 used water purchased by the 
CALFED Bay-Delta Program to extend releases from Friant Dam into 
summer and fall. This project demonstrated that black willow can be 
established if a gradually declining hydrograph is provided, allowing 
growing roots to reach the declining groundwater. 
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The San Joaquin River has been greatly modified by sand and gravel mining, 
especially in the vicinity of Fresno. Although mining does not occur in the 
bed of the river, the berms that separate the mining pits from the river 
frequently are captured by the river at high flows. Sediment transport is 
affected by these mining pits because the flows may capture coarse sediment, 
but sand may also “waste” out of these mine pits and be deposited 
downstream. Sand and gravel mining also occurs along the Merced, 
Tuolumne, Stanislaus, and Calaveras rivers. To the salmonids that migrate 
up these rivers, the mining pits become a major potential source of mortality 
because the warm water in the pits provides ideal habitat for largemouth bass 
and other nonnative predatory fish that feed on juvenile salmonids. 

Although invasive riparian plant species, such as giant reed, are present 
throughout the riparian habitat along the San Joaquin River, the density of 
invasive plants is highest in disturbed areas, such as mining pits. Near 
Fresno, the mining pits have relatively recently become infested by red 
sesbania (Sesbania punicea), and this area is now a seed source for 
downstream parts of the San Joaquin River and the Delta (Hunter and 
Platenkamp, 2003). The spread of giant reed, red sesbania, and Chinese 
tallow (Triadica sibifera) reduces habitat area for native plant species, 
creates lower quality habitat for native wildlife species than native 
vegetation, and causes flood management problems by increasing the 
hydraulic roughness of the channel. 

 



 3.0 Basis for Evaluation of Status Trends, and Stressors 

January 2012 3-1 
Public Draft 

3.0 Basis for Evaluation of Status, 
Trends, and Stressors 

3.1 Scope of Status, Trends, and Stressor 
Evaluation 

This section summarizes hydrologic and geomorphic fluvial processes, 
ecosystem responses to these processes, and stressors that have modified 
these processes and resulted in adverse effects on Sacramento Valley and 
San Joaquin Valley riparian and riverine ecosystems. It provides the basis 
for the description of specific metrics that are indicators of the processes, 
stressors, and ecosystem responses presented in Section 4. 

This section does not provide a comprehensive account of fluvial processes 
and stressors. Instead, it presents an overview of hydrologic and 
geomorphic processes that are capable of producing substantial ecosystem 
responses in the Sacramento and San Joaquin rivers and their tributaries. 
Much of the information below describes how these processes interact in a 
hypothetical “typical” river system. Although the resulting characterization 
may not accurately reflect actual interactions in the Sacramento and San 
Joaquin rivers today, it provides a conceptual framework for understanding 
how these processes interact and for evaluating the extent to which they 
have been modified from historical conditions. 

Similarly, the discussion focuses on stressors that have most affected 
hydrologic and geomorphic fluvial processes and ecosystem responses in 
the Sacramento Valley’s and San Joaquin Valley’s rivers and that are 
affected by the operations and maintenance of the SPFC. Other stressors, 
such as historical hydraulic mining, urban and agricultural development, 
and global climate change, are acknowledged as past and likely future 
stressors, but they are not discussed in this report because they are not 
reasonably caused by or could be affected by the operations and 
maintenance of the SPFC. 

3.2 Hydrologic Processes 

This discussion provides an overview of three ecologically significant 
categories of flows: floodplain inundation, bankfull, and base flows. The 
emphasis on these three flows does not imply that other flows (e.g., flows 
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greater than base flow but less than bankfull) are ecologically insignificant. 
However, these three flows are generally regarded as more ecologically 
meaningful than other flows (Poff et al., 1997). Table 3-1 summarizes the 
effects of the three flow categories on geomorphic processes, ecosystem 
processes, and species in the riverine and riparian ecosystems. These 
effects are discussed in more detail below. 

Table 3-1.  Effects of Different Categories of Flows on Geomorphic and Ecological 
Processes and Species 

 
Floodplain Inundation 

Flow Bankfull Flow Base Flow 

Geomorphic 
processes 

Causes major changes in 
channel morphology 
(scouring, erosion, channel 
cutoffs, new side channels) 

Causes ongoing scouring 
and erosion of banks, 
formation of point bars, 
lateral channel migration, and 
mosaic of different-aged 
floodplain surfaces 

Causes deposition in channel  

Mobilizes coarse to fine 
sediments 

Mobilizes moderate to fine 
sediments Mobilizes fine sediments only 

Ecosystem 
processes 

Increases large woody 
material in river  

Increases large woody 
material in river  

Provides perennial flow for 
fish, birds, and other species 
and maintains vegetation 
growth 

Increases dissolved oxygen 
in water 

Increases dissolved oxygen 
in water 

Reduces dissolved oxygen in 
water 

Increases aquatic structural 
diversity and exposes gravels 
for spawning 

Increases aquatic structural 
diversity and exposes gravels 
for spawning 

Decreases aquatic structural 
diversity 

Enables establishment of 
early successional vegetation 
(willows and cottonwoods) 

Creates mosaic of riparian 
vegetation (pioneer to 
mature) with time 

Allows mature vegetation to 
outcompete early 
successional species if base 
flow is prolonged 

Provides nutrients, sediment, 
and plant seeds to floodplain 
from upstream 

Provides nutrients, sediment, 
and plant seeds to riverbank 
from upstream 

No major effect 

Increases primary aquatic 
productivity No major effect 

Allows accumulation of 
organic materials, as well as 
contaminants 

Species 

Provides floodplain habitat to 
outmigrating salmonids and 
spawning splittail and 
increases early successional 
habitat for plants and 
animals, potential to strand or 
isolate fish species 

Provides instream fish habitat 
to channel and maintains 
diversity of early to late 
successional habitat for 
plants and animals  

Provides summer channel 
habitat for fish; causes silts to 
cover spawning gravels; and 
facilitates invasion of less- 
flood-tolerant species, 
including nonriparian and 
nonnative species 

Source: Prepared by DWR and AECOM in 2011. 
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 Floodplain Inundation Flow 3.2.1
Floodplain inundation occurs when river flows exceed channel capacity, 
and water overflows onto adjacent land. Typically, floodplain inundation is 
associated with storms occurring more frequently than once every 2 years 
(Leopold et al., 1964), although the actual frequency of floodplain 
inundation is affected by watershed characteristics, channel morphology, 
and channel incision, in particular, along a given river reach. In the 
Sacramento and San Joaquin valleys, floodplain inundation can occur at 
any time during the rainy season roughly from October 1 through May 31. 
It lasts for a variable duration, from hours to days or weeks, and exhibits a 
variable rate of flow, depending on precipitation and snowmelt patterns, 
and reservoir storage capacity. 

During floodplain inundation, a variety of physical processes occur. The 
magnitude of ecosystem responses to these events depends on flow timing, 
frequency, magnitude, and duration. Changes in channel dynamics and 
channel morphology resulting from scouring, erosion, and sediment 
deposition are typically associated with floodplain inundation (see Section 
3.3). Additionally, because the energy of floodplain inundation flow is 
dissipated over a large area (i.e., the floodplain rather than the channel), 
floodplain inundation flows have a reduced capacity to carry suspended 
sediments and other debris. Sediments and debris typically are deposited on 
the floodplain. Floodplain vegetation, which increases hydraulic roughness 
and further slows flow velocity, can increase the amount of sediment and 
organic matter that settles on the floodplain during a floodplain inundation 
flow. The ecological implications of this interaction between the river and 
its floodplain are described in more detail in Section 3.4.2. 

 Bankfull Flow 3.2.2
The flow that occurs, on average, once every 1.5 years to 2 years is often 
referred to as the bankfull flow (Leopold et al., 1964), even though a 1.5- to 
2-year recurrence interval flow may not represent an actual bankfull 
condition in many stream reaches. A bankfull flow event can occur at any 
time during the rainy season. It lasts for a variable duration, from hours to 
days or weeks, and exhibits a variable rate of flow, depending on 
precipitation and snowmelt patterns, and reservoir storage capacity. 

Because a bankfull flow is often the maximum flow that can be contained 
within the active river channel, these flows are responsible for most of the 
force on the channel and bed (Allan and Castillo, 2007). This force has the 
ability to mobilize most medium and fine gravels, as well as organic and 
inorganic sediments. It also creates meandering stream patterns through 
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erosion on the outside bends of meanders and deposition on the inside 
bends of meanders, and creates point bars, undercut banks, and other 
instream features that increase riverine habitat complexity (Leopold et al., 
1964). 

Many of these same processes occur with floodplain inundation flows, and 
the effects of floodplain inundation flows may be slightly greater in 
magnitude (e.g., mobilization of coarser sediments as bedload – i.e., 
sediment moving along the stream bed – or creation of chute cutoffs 
instead of progressive bend meanders), but the cumulative effect of 
bankfull flows is greater because this flow occurs with greater regularity 
(TNC, 2007). Although many of these processes have been empirically 
observed occurring with flows much less than the assumed bankfull flow in 
parts of the Sacramento River (TNC, 2007 and references cited therein), the 
bankfull flow likely has the most pronounced effect because it exerts a 
greater amount of force on the channel than the lower velocity flows. 
Geomorphic processes related to bankfull flows are described in more 
detail in Section 3.3. 

 Base Flow 3.2.3
Base flows are typically the annual minimum flows that occur in summer 
and fall. Historically, base flow conditions were likely observed on the 
Sacramento and San Joaquin rivers from approximately July through 
October, following the cessation of snowmelt runoff and before the onset 
of the rainy season (see Section 4.1). Although local groundwater 
contributions from perched aquifers and agricultural water discharge can be 
important drivers of base flows on some tributaries (e.g., Fleckenstein et 
al., 2004), base flows in the mainstem rivers were primarily sustained by 
groundwater discharge into tributaries of these streams in the Sierra 
Nevada, Cascade Range, and Coast Ranges. With the current system of 
reservoirs and water diversions in the Sacramento and San Joaquin valleys, 
base flows are elevated above historical conditions on the Sacramento 
River and its tributaries and greatly reduced on major portions of the San 
Joaquin River and its tributaries (see Section 4). 

3.3 Geomorphic Processes 

The fundamental geomorphic processes of alluvial floodplain rivers are 
channel migration, channel cutoff, channel anabranching, bed mobility, and 
fine and coarse sediment transport. All these processes influence floodplain 
formation and other floodplain dynamics. The SPA extends along the 
Sacramento River up to Shasta Dam, however this document focuses on 
leveed reaches of the Sacramento River. 
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The following brief description focuses on channel dynamics typically 
observed on the middle reach of the Sacramento River (River Miles (RM) 
143 to 243), between Red Bluff and Colusa. The middle reach is 
emphasized for two reasons. First, it is the only segment of a major river in 
the Sacramento and San Joaquin valleys where channel dynamics are still 
regularly observed. Second, channel dynamics observed on the middle 
Sacramento River are also likely representative of other meandering 
alluvial river systems in the Sacramento and San Joaquin valleys. This does 
not imply that there are not potentially significant differences in channel 
dynamics between the middle Sacramento River and other rivers in the 
Sacramento Valley. However, the types of channel dynamics observed on 
this reach are likely to be broadly representative of these processes on other 
rivers in the Sacramento Valley. 

The middle Sacramento River meanders within a belt of recent alluvium 
and outcrops of weathered Pleistocene-aged alluvium characterized by 
claypans and duripans that are resistant to erosion (Helley and Harwood, 
1985). The region is tectonically active, with many landscape features 
formed as a consequence of east-west compression progressing up the 
valley (Harwood and Helley, 1987). The channel bed of the middle 
Sacramento River is composed of gravel and sand. 

This reach of the river is characterized by an actively meandering channel 
with point bars on the inside of meander bends and active floodplain and 
older terraces on the outside of meander bends. The river channel migrates 
across this floodplain to the limits of the meander belt, constrained only by 
outcrops of erosion-resistant geologic formations or artificial bank 
protection. In these actively meandering reaches, a characteristic 
chronosequence of floodplain surfaces results, with younger surfaces 
closest to the river and oldest surfaces furthest from the river. Over time, 
meandering channels naturally tend to maintain roughly constant 
dimensions as erosion of outside bends is balanced by deposition on point 
bars, a state known as dynamic equilibrium. 

Meander migration is one of the primary processes driving riparian 
ecosystem functions on large, single-channel alluvial rivers (Hughes, 
1997). When not constrained by natural or artificial erosion-resistant banks, 
large alluvial meandering rivers have a tendency to migrate laterally 
(Johannesson and Parker, 1989). For example, in bank erosion studies 
conducted on the Sacramento River, annual migration rates have been 
observed to vary between 0 meters and 39 meters per year (Larsen et al., 
2006a). Channel migration of meandering rivers has been shown to 
establish and maintain riparian habitats, oxbow lakes, and riverbank 
ecosystems (Hupp and Osterkamp, 1996; Scott et al., 1996; Ward et al., 
2001). These habitat linkages are described in more detail in Section 3.4. 
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As meander bends grow, they may become unstable and form cutoffs. 
Three basic types of cutoffs may be observed on meandering alluvial 
rivers: chute cutoffs, partial cutoffs, and neck cutoffs. Chute cutoffs and 
partial cutoffs are regularly observed on the middle Sacramento River 
(Hooke, 1984, 1995a, 1995b; Fares and Herbertson, 1990), although chute 
cutoffs are more common (Micheli and Larsen, 2011). 

Chute cutoffs are a type of channel avulsion that occurs when overbank 
flows are sufficient to concentrate shear stresses to a degree capable of 
carving a new channel across the floodplain (Hooke, 1984, 1995a, 1995b). 
If a floodplain “chute” erodes a secondary channel linking approximately 
the upstream and downstream inflection points of a bend, the chute may 
grow, short circuit the former meander path, and become the primary 
channel (Gay et al., 1998). The abandoned former channel, depending on 
the degree of remnant hydrologic connection to the river, may function as a 
slough or, eventually, as an oxbow lake, providing important wetland 
habitat for a variety of species. In contrast, partial cutoffs tend to develop 
into side channels, separated from the main river flow by an instream 
island, rather than offstream wetland features. 

Although not currently observed on the middle Sacramento River, neck 
cutoffs, which result when the sinuosity of a bend increases and the radius 
of curvature in the bend decreases until the bend essentially doubles back 
on itself through progressive migration, may have historically occurred 
(Robertson, 1987). The occurrence of neck cutoffs before European 
settlement or under a different climatic regime cannot be ruled out, 
particularly in the lower section of the middle Sacramento River and other 
low-gradient reaches of other rivers in the Sacramento and San Joaquin 
valleys. 

3.4 Ecosystem Responses 

This section discusses the ecosystem responses to floodplain inundation 
flows, bankfull flows, and base flows and their associated geomorphic 
processes. Major in-channel and floodplain responses are discussed 
separately. 

 In-Channel Responses 3.4.1
Fluvial hydrologic and geomorphic processes in river channels are 
associated with flows up to and including the bankfull flow and the 
geomorphic process of channel meandering. These processes are 
particularly important for salmonids and aquatic habitat quality, the 
recruitment and succession of riparian vegetation, and riparian wildlife. 
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High flows transport significant amounts of fine sediments and, by 
extension, most of the nutrients, contaminants, and organic matter that 
accumulate on the riverbed, resulting in improved water quality. During 
low-velocity flow conditions, fine sediments, organic material, inorganic 
compounds, pollutants, and similar materials accumulate on the stream bed 
because the stream lacks sufficient force to suspend these materials and 
transport them. Organic materials that accumulate on the channel bottom 
are decomposed by microorganisms, resulting in the consumption of 
available dissolved oxygen (DO) through increased biological oxygen 
demand (BOD). The result can be a nutrient-rich, low-DO sludge, which is 
a poor-quality habitat for most aquatic organisms (TNC, 2007). 

The reduction in siltation associated with flushing flows increases benthic 
algal production, which provides a source of primary production in streams 
(TNC, 2003) that benefits aquatic organisms. The flushing associated with 
higher flows can also significantly improve gravel quality for incubating 
salmonid eggs, salmonid larvae, and salmonid fry by reducing gravel 
embeddedness (Kondolf, 2000). High water velocities associated with 
bankfull flows not only flush the fine sediments and accumulated organic 
matter, resulting in improved water quality and chemistry of the sediments, 
but they also create broken surface water, which increases the diffusion of 
atmospheric oxygen into the water column, resulting in increased 
concentrations of DO. 

The recruitment of LWM is also tied to elevated flows and associated 
geomorphic processes of channel meander and erosion. As meander bends 
migrate during higher flows, banks are undercut and mature trees fall into 
the channel, becoming LWM. Although the term “debris” has negative 
connotations associated with navigation hazards and potential impacts with 
bridges and other infrastructure during floods, the importance of LWM for 
salmonids is becoming increasingly recognized (Harmon et al., 1986; 
Maser and Sedell, 1994), and the continual recruitment of LWM is 
important to maintain salmonid habitat as existing LWM is transported 
downriver by floodflows. 

In addition to higher flows, base flows contribute to salmonid habitat 
quality. As discussed in Section 3.2.3, base flows help to maintain 
perennial water flows and thereby contribute to the suitability of spawning 
habitat for spring- and fall-run Chinook salmon. Spring- and fall-run 
Chinook salmon begin spawning in the Sacramento and San Joaquin 
valleys before the onset of winter rains (TNC, 2007 and references cited 
therein). Therefore, important Chinook salmon spawning habitat attributes, 
such as water depth, flow velocity, and water temperature, are closely tied 
to base flows. In rivers without adequate base flows (e.g., the Cosumnes 
River and upper San Joaquin River), Chinook salmon numbers have been 
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drastically reduced, in part, because a lack of adequate base flows has 
resulted in a lack of suitable spawning habitat. 

Ongoing channel meandering and associated high flows are also important 
for the formation and sustainability of riparian habitats. Point bars formed 
on the inside of meander bends are common locations for recruitment of 
willow and cottonwood, which establish on newly deposited surfaces in 
response to specific combinations of flow events (Mahoney and Rood, 
1998). Channel meandering creates point bar depositional surfaces of 
different ages, each of which supports riparian vegetation of a different age 
class (Greco et al., 2007). As channel migration continues, older 
depositional surfaces shift from cottonwood and willow dominance to 
dominance by other species less tolerant of flooding and disturbance, 
resulting in greater vegetation community structure and increased overall 
species diversity (Ward and Stanford, 1995). Because riparian forest 
ecosystems mature relatively rapidly (e.g., within 100 to 300 years), they 
can transition to upland ecosystems without periodic disturbance related to 
channel meandering, sediment deposition, and point bar formation (Sands 
and Howe, 1977; Johnson et al., 1976; Fremier, 2003). 

Base flows also affect the establishment and sustainability of riparian 
vegetation. Most riparian plants require a source of soil moisture to 
maintain growth and vigor during summer, and conceptual models for 
riparian recruitment have described zones of successful riparian vegetation 
establishment in relation to base flow elevations (Mahoney and Rood, 
1998). Adequate soil moisture is typically provided by shallow 
groundwater tied to base flows in adjacent rivers and streams. Similarly, 
riparian wetlands may require shallow groundwater created by river base 
flows to maintain perennial inundation and habitat functions associated 
with perennial wetlands. On rivers lacking sufficient summer base flows, 
such as many portions of the San Joaquin River, riparian vegetation can be 
replaced entirely by upland vegetation and invasive plants that are more 
tolerant of low soil moisture. 

This diversity of riparian habitat patches created by meandering rivers and 
high flows, and sustained by adequate summer base flows, is critically 
important for a variety of wildlife and supports high levels of biodiversity 
(Ward et al., 2001). For example, many bird species, such as yellow-
breasted chat (Icteria virens), prefer early seral stages of riparian habitat 
subject to regular disturbance (from high-water events, meander migration, 
and channel abandonment) for foraging and nesting (RHJV, 2004). Bank 
swallows (Riparia riparia), a species listed by the State as threatened, also 
depend on periodic disturbance, in the form of eroding banks, for nesting 
substrate (Morken and Kondolf, 2003; RHJV, 2004). These sites must be 
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periodically disturbed through high flows and channel meander migration 
to maintain their suitability for bank swallow nesting (Garrison, 1999). 

 Floodplain Responses 3.4.2
Many of the processes described previously as occurring in the river 
channel also occur in adjacent floodplains during higher river flows (i.e., 
flows above the bankfull stage). As with in-channel processes, these 
floodplain processes are important for riparian habitats and riparian-
associated wildlife, as well as salmonids and other native fish species. 

Floodplains are created primarily by lateral accretion of point bars and 
vertical accretion from suspended sediments in overbank flows (Wolman 
and Leopold, 1957). Lateral point bar accretion and overbank deposition 
are readily observed along most meandering and wandering channels 
carrying a mixed load of gravel, sand, and silt/clay. This results in a 
characteristic floodplain stratigraphy of channel deposits (gravel and/or 
sand) overlain by point bar deposits of sand and perhaps gravel, which in 
turn are overlain by overbank deposits (sand and silt/clay). 

Historically, overbank flows were commonly observed in the Sacramento 
and San Joaquin valleys during winter and spring in response to spring 
snowmelt, rain-on-snow events, and prolonged periods of heavy rainfall 
that are characteristic of the region (Kondolf et al., 2000). Floodplain 
inundation caused by overbank flows can result in widespread disturbances 
to existing riparian vegetation through scouring and removal of existing 
vegetation. Floodplain inundation may also result in death of plants from 
physiological stress related to prolonged inundation, root suffocation from 
the deposition of fine sediment, and similar factors (TNC, 2007). These 
disturbances remove existing vegetation and may create suitable conditions 
for the germination and recruitment of early successional vegetation, 
leading to increased habitat diversity and increased wildlife diversity, as 
described in Section 3.4.1. 

Cottonwood and willow require moist, bare, mineral soil during periods of 
seed release. In the Sacramento and San Joaquin valleys, this period of seed 
release roughly lasts from mid-March through July (see TNC, 2007 and 
studies referenced therein) and may vary widely by species and geographic 
location within years and according to annual temperature and precipitation 
patterns among years. Flows leading to successful recruitment of 
cottonwoods and willows have been estimated to occur every 5 years to 10 
years on meandering alluvial rivers, similar to those found in the 
Sacramento and San Joaquin valleys, although recruitment events may 
occur much less frequently on rivers constrained by geology, bank 
revetment, or levees (see TNC, 2007 and references cited therein). 
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The geomorphic process of gradual channel meander migration, coupled 
with overbank flows, may also result in the formation of side channels, 
sloughs, and oxbow lakes through the cutoff of meander bends and gradual 
separation of the flow in these habitats from the mainstem of the river (see 
Section 3.3). The formation and sustainability of off-channel habitats is 
important for species such as western pond turtle (Actinemys marmorata) 
that prefer slow-moving water, and in many river reaches, these off-
channel habitats provide substantial opportunities for recruitment of 
cottonwood and willows, particularly when in-channel recruitment zones 
(e.g., point bars) are lacking (TNC, 2007). 

Aside from effects on the successional processes of riparian vegetation 
through disturbance, vegetation recruitment, and the formation of off-
channel habitats, overbank flows increase the amount and quality of rearing 
habitat for Chinook salmon. Studies have shown that juvenile Chinook 
salmon that have been reared on seasonal floodplains are much larger than 
salmon that have been reared in river channels (Sommer et al., 2001, 2003). 
The mechanisms by which seasonal floodplains positively affect salmonid 
rearing include increased primary production and food availability (Junk et 
al., 1989, cited in TNC, 2007), lack of predation from nonnative fish that 
are generally not found on seasonal floodplains, and improved habitat 
quality relative to river channels (lower velocity flows, greater structural 
diversity) (Sommer et al., 2001, 2003). Larger juvenile salmon are assumed 
to have a greater probability of successful outmigration to the Pacific 
Ocean. 

Three main races of Chinook salmon–fall/late fall run, winter run, and 
spring run–are found in the Sacramento River, and the San Joaquin River 
supports or historically supported runs of fall/late fall run and spring-run 
fish. These races historically made extensive use of seasonal floodplains 
during winter and spring outmigration. Today, substantial areas of seasonal 
floodplain in the Delta and its vicinity are still found in the Yolo Bypass 
and along the lower Cosumnes River (Sommer et al., 2001, 2003). The 
timing, duration, and frequency of floodplain flows that are optimal for 
salmon rearing have been variously estimated (Williams et al., 2009; 
USACE, 2002). However, the general consensus from these and other 
studies (TNC, 2007) is that frequent floodplain inundation (i.e., inundation 
approximately every 2 years to 4 years on average) of some duration during 
periods of salmon outmigration from January through May has a positive 
effect on outmigration success. 
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3.5 Primary Stressors 

 Levees and Bank Revetment 3.5.1
Flood control levees confine floodflows, controlling the width, depth, 
gradient, and velocity of flows that without levees would spread out on the 
floodplain. Levees tend to increase the sediment-carrying capacity of the 
stream, which leads to degradation of the channel thalweg (i.e., the line 
defining the lowest points along the riverbed) and widening of the channel. 
Many levees were originally constructed to aid in the movement of 
sediment resulting from hydraulic gold mining to clear the channel for 
navigation purposes (see Section 2). 

Bank revetment (i.e., the hardening of streambanks by riprap or other 
material to prevent erosion) generally causes the riverbanks to become 
narrower and deeper. Bank protection may also increase the incidence of 
riverbend cutoffs, thus reducing the overall length and sinuosity of the 
river. 

Effects on Geomorphic Processes 
River channel migration results in bank retreat, which can cause conflicts 
with adjacent land uses and infrastructure. Efforts to protect against bank 
retreat often involve lining the riverbank with riprap or large rocks. 
Likewise, efforts to protect communities and other landscapes from flood 
risk can involve levee construction. In selected areas of the Sacramento 
River, as in many places throughout the world, riprap and levees have 
virtually halted natural river processes such as river channel meander 
migration and meander cutoffs that create and maintain the complexity of 
aquatic and riparian ecosystems (Naiman et al., 1993; Lytle and Poff, 
2004). In addition, most alluvial reaches of the middle Sacramento River 
have narrowed during the last century, largely in response to bank 
stabilization measures (Fischer, 1994). 

Riprap and other bank armor solutions are almost always considered only 
with respect to local channel bank protection and not to downstream 
consequences. Such site-by-site planning solutions often lead to more 
problems in both the near and long term, especially in dynamic landscapes, 
such as riparian corridors. For example, changing bank erosion rates at one 
site, either by removing vegetation or by hardening the banks, can alter the 
migration pattern as far as three or four bends downstream (Larsen, 1995). 
These channel alterations can occur over relatively short periods (less than 
5 years) and may affect the timing and location of avulsion events. Clearly, 
planning and management of infrastructure at a site should consider long-
term consequences (e.g., periods greater than 50 years). These 
consequences may include infrastructure impacts on upstream conditions, 
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as well as downstream effects on river channel and adjacent floodplain 
conditions. 

Effects on Habitat 
The ecosystem benefits of altering channel dynamics (by removing 
constrictions to channel migration) often can be greater than those 
associated with changing the flow regime. Larsen (2007) conducted a 
simulation study comparing removal of revetment to changes in flow 
regime at three bends in the Sacramento River at Woodson Bridge, 
Hamilton City, and Ord Ferry. The gain in floodplain area from removing 
revetment in three individual bends was larger in magnitude (but of a 
similar order of magnitude) than the effects of changing the flow regime 
over the entire reach. 

Two important aspects of habitat for salmonids and other native fish 
species are affected by channel migration: shaded riverine aquatic (SRA) 
cover and LWM. 

SRA cover is defined as the overhanging vegetation, in-water cover, and 
natural banks of the nearshore aquatic area occurring at the interface 
between a river and adjacent woody riparian habitat (USFWS, 1992). 
Vegetation in this terrestrial-aquatic transition zone provides plant and 
animal materials that are used by aquatic and aquatic-dependent species 
(e.g., birds). Near-shore LWM is part of the in-water cover component of 
SRA cover, although LWM may also occur away from the shore in the 
river channel. 

LWM is also critically important to aquatic species, contributing to habitat 
creation (e.g., habitat complexity and refuge habitat) and serving a role in 
storing sediment and organic matter. LWM is important to salmon 
populations in the Sacramento River. Bank protection with riprap 
drastically reduces LWM production and also reduces LWM retention 
along armored banks. According to the U.S. Fish and Wildlife Service 
(USFWS) (2004), a substantial reduction of LWM has occurred in the 
Sacramento River as a result of the Sacramento River Bank Protection 
Project. Alternative approaches to flood protection that can generate LWM 
resources are the construction of setback levees, adjacent levees that retain 
waterside growth, and constructing waterside planting benches in urban or 
other constrained areas. Levee setbacks have been constructed to provide 
flood protection and can at the same time provide ecosystem benefits, 
including LWM (Larsen et al., 2006b). 
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 Reservoirs 3.5.2
Storage reservoirs created by large multipurpose dams are located on the 
Sacramento and San Joaquin rivers and on most of their major tributaries. 
The dams have major effects on the hydrology and geomorphic processes 
of the downstream river reaches, and because of those effects, they also 
have greatly affected the habitats of plants and fish and wildlife species 
supported by the riparian and riverine ecosystems. 

The hydraulic effect depends on the watershed area above the reservoir, the 
storage capacity of the reservoir, the operational criteria, and the nature of 
the river downstream from the dam. The larger the watershed above the 
dam and the smaller the reservoir storage, the less effect the dam has on the 
streamflow. The dam’s operational criteria also affect streamflow. Larger, 
multipurpose reservoirs affect the magnitude, timing, and frequency of 
channel-forming flows and consequently have a large effect on the river 
downstream. 

Effects on Hydrology 
The most important effects of dams on the hydrology of downstream river 
reaches are decreases in flow peak frequency, magnitude, and duration, and 
increases in the frequency, magnitude, and duration of low flows (Singer, 
2007). 

In the Sacramento River, the reduction in median winter and spring flows is 
accompanied by increased summer and fall flows, some of which originate 
from diversions from the Trinity River. However, downstream from Friant 
Dam, on the San Joaquin River, median flows in both winter and summer 
are reduced because the water captured by Friant Dam is diverted into two 
major canals for irrigation during summer. Downstream from Mendota 
Pool, where the Delta-Mendota Canal enters the San Joaquin River, median 
summer flows used for irrigation are generally higher than in winter. The 
hydrologic effect of dams therefore depends on interactions of dam 
operations and the operation of diversion facilities. 

The major dams were designed primarily to reduce the largest winter flood 
peaks and store spring snowmelt runoff (Singer, 2007). A useful index of 
the effect of dams on downstream hydrology is the impoundment runoff 
index (IRI), which is the ratio of reservoir capacity to median annual flood 
runoff volume (Singer, 2007). There are two major ways of operating dams 
for flood control. Dams with a high IRI (e.g., Shasta, Whiskeytown, and 
Oroville dams) are likely to cut off flood peaks and store them for 
subsequent release for irrigation and hydropower generation. Dams with a 
low IRI (e.g., New Bullards Bar, Camp Far West, and Folsom dams) do not 
have storage capacity adequate to completely cut off flood peaks, and must 
instead release high flows early and longer, i.e., lengthen the rising and 
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falling limbs of the hydrograph (Singer, 2007). IRIs have not been 
published for dams in the San Joaquin River watershed. 

Effects on Geomorphic Processes 
Channel-forming flows are mostly responsible for bank erosion, bed 
degradation, meandering, and sediment transport. These flows generally are 
winter and spring high-flow events. There is usually a threshold flow in 
each river reach where bed and banks begin to erode and sediment begins 
to move. As flow increases above this threshold, the flow velocity and 
geomorphic effects also increase until a bankfull stage is reached. 

Bankfull discharge is considered to be the geomorphic flow that is the most 
responsible for shaping the channel form and function. In a natural, 
undammed river, it is defined as the flow that occurs on average 
approximately every 2 years (2-year event). A bankfull discharge normally 
fills the channel but does not inundate the floodplain. Post-dam bankfull 
discharge is also considered to be the flow with an approximate 2-year 
recurrence interval, but it may have a much smaller discharge and not fill 
the channel, particularly in watersheds with large multipurpose dams. 

Bankfull discharges meet the following two criteria for shaping channel 
cross sections: the flows are strong enough to erode banks and to transport 
and deposit sediment, and the flows occur often enough to overcome the 
effects of larger flows. 

Floodflows above bankfull discharge affect the river somewhat differently 
than the bankfull discharge. Flows that move out of the channel do not 
erode or deposit sediment in the channel. Velocities in the channel 
generally do not increase and sometimes decrease because of backwater 
effects. Many dams decrease the number of floodflows and may, in wet 
years, increase the number of bankfull discharges. 

The installation of a dam on a river disrupts the frequency of an established 
bankfull discharge. 

Sediment transport is also affected by the dams. Unlike most hydraulic 
parameters that are affected mostly by storage capacity of dams in the 
watershed, the effect of dams on sediment is controlled more by the 
location of the dam in the watershed. 

Dams trap sediment from the watershed upstream by allowing sediment to 
settle and become trapped in the reservoir area. The trap efficiency of large 
dams like Oroville may be higher than 95 percent, only releasing the very 
fine silts and clays to the river below. All of the bedload of a stream is 
generally trapped by a dam. 



 3.0 Basis for Evaluation of Status Trends, and Stressors 

January 2012 3-15 
Public Draft 

The effect of dams on the downstream channel is a combination of the 
watershed area above the dam, the flow release, and sediment trap 
efficiency. The pre-dam and post-dam frequency of bankfull discharge is a 
useful indicator of the change in the river’s ability to move the sediment in 
the channel below the dam. 

A normal, undammed river system is typically in dynamic equilibrium. The 
river may incise its channel for a number of years, then fill with sediment 
to reestablish a stable grade. Sediment carried by a stream may 
conveniently be divided into bedload (moving by saltation, which is to 
move by bouncing along the bottom of the river) and suspended sediment 
moving in the water column. 

Dams may change this dynamic equilibrium by trapping bedload that 
would normally replenish bedload washed downstream; larger dams also 
trap most of the suspended sediment. In addition, larger dams change the 
magnitude and frequency of flows, affecting sediment transport in the 
stream below. The river downstream from a dam is sediment starved, 
resulting in a gradual removal of the finer fractions of sediment in the 
channel (TNC, 2007). Over time, the channel degrades and becomes 
entrenched. Riffles become coarser and armored with a surface layer with 
particles too large for most flows to move. The channel, riffles, islands, and 
other depositional features become static. Riffles, used by spawning 
salmonids and other species, become impermeable and too coarse for the 
species that would use them. In addition, degradation of the channel bed 
may also cause headcuts to prograde up tributary channels below the dam, 
and degradation of the bed in these tributaries.  

Suspended sediment concentrations are reduced by dams. Suspended 
sediment is particularly important to floodplain development. During large 
floods, the sediment is deposited on the floodplain, over the long term 
replacing the soils lost through bank erosion. Sediment transport in the 
Sacramento River is driven by the natural characteristics of the river and its 
watershed and by the engineered features used to manage the river. The 
sources and degree of sediment transport vary between the upper (above 
Red Bluff) and lower (below Red Bluff) reaches of the watershed. 

Above Red Bluff, the Sacramento River is mostly an incised, narrow 
bedrock stream and is characterized by conveyor-belt-like bedload 
sediment transport. This transport generally occurs during winter storm 
events, with sediment loads generated by western tributaries. Minimal 
sediment storage is available because large alluvial floodplains are not 
present. Cottonwood Creek produces the greatest amount of sediment; 
Dibble, Blue Tent, Reeds, and Red Bank tributaries also supply sediment 
(Jones et al., 1972). During summer, releases from upstream dams (e.g., 
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Shasta, Keswick, and Whiskeytown dams) dominate streamflow but 
provide minimal sediment loads, capturing more than 90 percent of all 
upper watershed sediment (K. Buer, pers. comm., 2011). In wet water 
years, water levels in the reservoirs may rise to the point where flood 
releases occur, producing a scenario whereby sediment concentrations may 
vary as much as three orders of magnitude for a single flow rate. 

Below Red Bluff, the Sacramento River has point bars and a widened river 
corridor, and alluvial floodplains are located adjacent to the river, 
providing for large amounts of sediment storage and a disruption of the 
conveyor-belt-like sediment transport of the upper reach. Most of the 
sediment in the lower reach is produced through bank erosion that occurs 
when flood releases from upstream dams maintain bankfull conditions for 
extended periods. Westside tributaries, such as Elder and Thomes creeks, 
also provide significant amounts of sediment (USACE, 1981). Deposition 
of this sediment on the Sacramento River floodplain naturally replenishes 
sediment lost because of bank erosion in the lower Sacramento River. 
Since the early 1960s, however, the use of bank protection has reduced the 
amount of sediment locally generated by bank erosion (DWR, 1994). In 
addition, below Hamilton City, constructed and natural levees constrain the 
floodplain and reduce sediment deposition on the floodplain during 
moderate flow events. 

Apart from the interruption of sediment transport, geomorphic processes 
are also affected by the modification of the flow regime. Channels become 
more stable and narrow when high flows are reduced. The rate that point 
bars, secondary channels, oxbows, and changes in channel planform (e.g., 
meander migration) are formed is reduced when the frequency and 
magnitude of high flows are reduced (Poff et al., 1997; Friedman et al., 
1998). The effects of these reductions in flood frequency, magnitude, and 
duration are difficult to analyze because of the confounding effects that 
land-use changes and bank revetment have on channel dynamics. 

Effects on Habitat 
As was described above, reservoirs may be associated with downstream 
channel narrowing. Channel narrowing is generally accompanied by an 
increase in vegetation cover along the channel. This vegetation gradually 
undergoes succession to mature riparian forest because of a lack of 
scouring flows and channel migration that would “reset” the successional 
process to an earlier stage (Friedman et al., 1998). This phenomenon was 
observed on the San Joaquin River after the completion of Friant Dam 
when “river wash” (exposed sand and gravel) and early successional 
riparian communities (e.g., riparian scrub) gradually disappeared in favor 
of mixed riparian and valley oak riparian forest (Jones & Stokes 
Associates, 1998b, 2002). 
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At Friant Dam and other dams with a high IRI, an abrupt drop in dam 
releases in spring causes the regeneration success of woody riparian 
species, such as Fremont cottonwood and black willow, to be reduced. 
Mahoney and Rood (1998) postulated that river stage decline during the 
period of seed release for cottonwoods had to remain within limits dictated 
by the root growth rate of the seedlings, which needs to keep up with the 
decline of the water table and saturated soil zone. This relationship was 
later confirmed by Stella et al. (2010) with a controlled declining water 
table in a laboratory setting for three riparian plants species that occur in 
the San Joaquin Valley. This study showed that the simulated groundwater 
declines had to be less than 2 inches per day to allow seedling survival. 

 Diversions 3.5.3

Effects on Hydrology 
Before the development of large-scale water supply dams in the mid-20th 
century, miners and settlers constructed smaller dams to impound and 
divert water for mining, irrigation, and grazing in the mid- and late 19th 
century. Many of these structures still exist or have been replaced by larger, 
more modern structures. Various agricultural and municipal water districts 
have also constructed water diversions that pump water directly out of the 
Sacramento and San Joaquin rivers and their tributaries. An inventory of 
water diversions estimated that 722 such diversions are present along the 
Sacramento River and in the San Joaquin River Basin (Herren and 
Kawasaki, 2001). Many large diversions (greater than 250 inches in 
diameter) exist on the Sacramento and San Joaquin rivers and their 
tributaries (Moyle and White, 2002). Forty-four diversions located in the 
SPFC are controlled by the DWR. 

In the Sacramento River, the overall effect of these diversions is difficult to 
estimate for any one diversion. Cumulatively, their effects are likely 
substantial but difficult to quantify (TNC, 2007). Aside from their effects 
as fish passage barriers, discussed separately below, the most serious effect 
of these diversions is likely not the reduction in flow tied to the amount of 
water withdrawn but rather the artificially elevated summer base flows 
routed through the rivers to facilitate these water diversions (see Section 4). 
Although there are few quantitative estimates of the total number of fish 
killed at these diversions (Moyle and White, 2002), these diversions are 
undoubtedly a stressor on salmonids, and the installation of screens to 
prevent entrainment at these diversions has been considered a major 
conservation action for these species (Moyle and White, 2002). 

Artificially elevated and constant, sustained releases of water to facilitate 
water diversions likely promote nonnative fish populations over native fish 
(Marchetti and Moyle, 2001) and inhibit the establishment of woody 
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riparian species (TNC, 2007). Fish species that are native to the 
Sacramento River system evolved with historically variable flows 
characteristic of Mediterranean ecosystems, whereas nonnative species 
(e.g., nonnative predatory species introduced from the eastern United 
States) evolved and thrive in less variable flow conditions (Marchetti and 
Moyle, 2001). Maintaining relatively constant summer base flows to 
maintain water supply for agriculture diversions, therefore, is more likely 
to promote nonnative fish assemblages over native assemblages. Similarly, 
flow variability is a driver of early successional riparian vegetation 
germination and recruitment. Certain rates of water recession in spring and 
summer are required to keep pace with the root growth of newly 
germinated Fremont cottonwood seedlings (Mahoney and Rood, 1998; 
TNC, 2007). Elevated summer base flows may contribute to reduced 
elongation of roots and thus increased susceptibility to scour in winter 
floods, and may cause direct “drowning” mortality of newly germinated 
seedlings through prolonged inundation during the summer months 
(TNC, 2007). 

In the upper San Joaquin River, the nearly complete diversion of water 
from the river channel has drastically reduced salmonid populations and 
effectively halted riparian forest succession. With little or no water in the 
channel, suitable spawning habitat for salmonids is absent in the upper San 
Joaquin River. Because water supply is cut off in spring or early summer, 
willows and Fremont cottonwood seedlings that may have germinated 
earlier in the spring are killed. As a result, early age classes of willows and 
Fremont cottonwood are almost absent from the San Joaquin River (see 
Section 2). Reclamation is implementing the San Joaquin River Restoration 
Program to restore a salmon run to the San Joaquin River upstream from 
the Merced River by releasing addition flows from Millerton Reservoir and 
by building infrastructure improvements to facilitate salmon migration. 

 Invasive Species 3.5.4

Effects on Geomorphic Processes 
Invasive species can alter hydrology and sedimentation rates in riparian and 
aquatic systems (Cal-IPC, 2011a). Dense stands of invasive species can 
alter channel morphology by retaining sediments and increasing the 
hydraulic roughness of the channel that restricts flows and reduces flood 
conveyance (Bossard et al., 2000). For example, saltcedar traps and 
stabilizes alluvial sediments, which results in the narrowing of stream 
channels and more frequent flooding (Bossard et al., 2000). Species with 
shallow root systems, such as giant reed and red sesbania, promote bank 
undercutting, collapse, and erosion (Bossard et al., 2000; Cal-IPC, 2011b). 
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Effects on Habitats and Native Species 
Invasive plants can alter the structure of the vegetation they invade and 
thereby significantly degrade wildlife habitat quality and ecosystem health 
(Cal-IPC, 2011a). They may outcompete native species, suppress native 
species recruitment, and provide food and cover for undesirable nonnative 
animals (Bossard et al., 2000). Aquatic invasive plants can degrade aquatic 
habitat by reducing areas of open water used by waterfowl for resting, 
shading out algae in the water column that serve as the basis of the aquatic 
food web, and displacing native aquatic plants used for food or shelter by 
wildlife species (Bossard et al., 2000). Invasive terrestrial plants can also 
reduce groundwater availability by transpiring large amounts of water, 
making less water available for native riparian vegetation (Bossard et al., 
2000). 

Invasive plants can threaten the integrity of native riparian plant 
communities by outcompeting native plant species, hybridizing with native 
plant species, reducing habitat quality and food supply for wildlife, and 
interfering with wildlife management (Bossard et al., 2000; Cal-IPC, 
2011a). Nationally, invasive species are the second-greatest threat to 
endangered species, after habitat destruction (Cal-IPC, 2011a). Invasive 
aquatic plants often form dense mats that kill fish by lowering pH, DO, and 
light levels and increasing carbon dioxide and turbidity (Bossard et al., 
2000). Some invasive plants hybridize with natives that could, in time, 
effectively eliminate native genotypes of some species (Bossard et al., 
2000). 

 Fish Passage Barriers 3.5.5
This section is based on an advance administrative draft of the technical 
memorandum “Fish and Flood Management” (DWR, 2011b). 

Effects on Species Abundance and Distribution 
Fish passage barriers, such as dams, weirs, and water diversions for 
agricultural and municipal uses, have greatly reduced the amount of 
salmonid habitat and can result in the direct mortality of fish at diversions. 
The effects of passage barriers on salmonids differ by species and race as 
described below. 

Most races and species of salmonids have been adversely affected by the 
construction of dams and similar passage barriers. However, spring-run 
Chinook salmon and steelhead (Oncorhynchus mykiss) have likely been the 
most seriously affected, in terms of direct habitat loss, by the construction 
of passage barriers. These fish historically spawned in tributaries of the 
Sacramento and San Joaquin rivers in the Sierra Nevada and Cascade 
Range. The vast majority of historical spring-run Chinook habitat in the 
Sacramento River and all historical spring-run habitat in the San Joaquin 
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River is now blocked by passage barriers, collectively reducing spring-run 
spawning and rearing habitat by 80 percent to 90 percent (DWR, 2005). 
Currently, the only viable, naturally reproducing populations of spring-run 
Chinook are found in Deer, Mill, and Butte creeks (NMFS, 2009). 

Spring-run Chinook salmon have also been subject to hybridization 
because their habitat overlaps with that of fall-run fish below passage 
barriers. Historically, the two races would have been spatially segregated, 
with spring-run fish spawning further into the mountains and fall-run fish 
spawning on the valley floor and lower foothills. With construction of 
Shasta Dam and other passage barriers on the Sacramento Valley’s and San 
Joaquin Valley’s major rivers, the two races now use the same segments of 
these rivers for spawning. The larger, more vigorous fall-run fish typically 
outcompete spring-run fish for redd sites, or construct their redds on top of 
spring-run redds, and extensive hybridization between fall-run and spring-
run fish has been detrimental to the gene pool of the spring-run fish 
(Yoshiyama et al., 1998). 

Steelhead spawning habitat loss from construction of passage barriers has 
been estimated at 80 percent (Lindley et al., 2006). Currently, spawning 
and rearing habitat for wild steelhead exists in Mill and Deer creeks, 
tributaries of the Sacramento River, and the Yuba River (Moyle, 2002). 
Incidental occurrences of steelhead have also been recorded in Cow, Battle, 
Clear, and Cottonwood creeks. Opportunities exist for restoration in these 
creeks, as well as in the Big Chico, Antelope, and Butte creeks and in the 
Yuba River. The distribution in the San Joaquin River system is limited to 
a small sport fishery in the Tuolumne River (DWR, 2005). Steelhead are 
found in other parts of the Sacramento River watershed, but the presence of 
hatchery fish makes identifying the origin of the fish difficult (e.g., fish 
originating from the Eel River in the American and Mokelumne rivers) 
(Moyle, 2002). 

To some extent, steelhead may have initially benefited from construction of 
Shasta Dam and other Sacramento Valley and San Joaquin Valley dams 
(TNC, 2007). Persistent releases of cool water and, at least initially, readily 
available spawning gravels below dams may have mitigated extensive 
losses in the extent of total spawning habitat above the dams by providing 
suitable steelhead spawning and rearing habitat where it did not previously 
exist, at least during the first decade following construction of the dams. 
However, bed coarsening has, over time, reduced habitat suitability. 

Additionally, unlike Chinook juveniles, which spend up to several months 
in their natal rivers before migrating to the ocean and forming schools, 
juvenile steelhead spend up to 3 years in their natal streams and vigorously 
defend their territories from other juvenile steelhead. Historically, juveniles 
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hatched in tributaries above present-day reservoirs could disperse 
throughout their natal streams in search of suitable and available rearing 
habitat. With construction of dams, available rearing habitat has been 
greatly reduced, and temperatures in some areas are too high. Competition 
for rearing habitat has been tied to numerous adverse effects on individual 
fish and steelhead populations (Keeley, 2001), and competition for suitable 
sites among 1- and 2-year-old fish is now likely to be at least as limiting on 
steelhead populations as the lack of spawning habitat (TNC, 2007). 

The construction of passage barriers has also been a stressor on winter-run 
Chinook. Adult winter-run Chinook migrate into the Sacramento River 
during winter and spring. Historically, these fish held for several months in 
deeper pools to reach sexual maturity and then spawned during summer in 
cool-water reaches of streams in the upper watershed of the Sacramento 
River (e.g., McCloud River, Pit River, upper Sacramento River) and Battle 
Creek (Yoshiyama et al., 1998). Construction of Shasta Dam has nearly 
completely eliminated historical holding and spawning grounds for winter-
run fish. 

Although historical spawning areas have been eliminated, winter-run 
Chinook have adapted to holding and spawning in cool-water releases from 
Shasta Dam on the upper portion of the lower Sacramento River. Under 
current conditions, the total amount of suitable spawning habitat for winter-
run fish may actually be equal to or greater than the amount of spawning 
habitat that was historically available (TNC, 2007). The exact causes of 
declines in winter-run populations are not known, but it is hypothesized 
that spawning habitat reduction related to the construction of passage 
barriers is not one of the primary stressors on winter-run fish (TNC, 2007). 
This hypothesis does not imply that passage barriers, such as Shasta Dam, 
have not affected winter-run Chinook. However, the reservoirs impounded 
by passage barriers and related modifications to river flows and 
geomorphic processes below reservoirs are likely more significant stressors 
on winter-run fish (TNC, 2007). 

As described for winter-run fish, passage barriers are a stressor on fall- and 
late fall-run Chinook but may not be a significant stressor compared to 
other stressors described previously (TNC, 2007). Relative to other 
salmonids, fall- and late fall-run fish historically spawned much lower in 
the Sacramento and San Joaquin rivers, generally at elevations below 500 
feet to 1,000 feet, as far south as Kings River and as far north as the upper 
Sacramento, McCloud, and Pit rivers (DWR, 2005; Yoshiyama et al, 2001). 
Because of their larger size, fall- and late fall-run Chinook are capable of 
spawning in a wider range of gravel sizes. Therefore, although their 
historical spawning ranges have likely been reduced, the relative amount of 
habitat reduction caused by construction of passage barriers is likely less 
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than for other salmonids, particularly steelhead and spring-run Chinook. 
Current distribution of fall- and late fall-run Chinook on the Sacramento 
River encompasses all historic habitat on lower foothill and Central Valley 
streams and spawning occurs upstream as far as Keswick Dam. On the San 
Joaquin River, distribution reaches up to the Merced River. 

Aside from dams and similar passage barriers that have directly blocked 
historical holding, spawning, and rearing areas for salmonids in the 
Sacramento and San Joaquin valleys, partial passage barriers, such as 
intakes for water diversions, are an additional stressor on salmonids. 
Diversions are discussed further in Section 3.5.3. 
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4.0 Status, Trends, and Stressor 
Assessment 

4.1 Status and Trends Metrics 

 Hydrologic Processes 4.1.1

Description of Metrics 
Hydrology metrics were calculated with the Indicators of Hydrologic 
Alteration (IHA) software (Version 7.1.0.10), developed by The Nature 
Conservancy. IHA was used to query historic flow records to identify 
event-based metrics. The average annual peak discharge (in cubic feet per 
second (cfs)), average annual frequency, and average annual duration were 
determined for small floods (conforming to floodplain inundation flows), 
high pulse flows (conforming approximately to bankfull flows), and 
extreme low flows (conforming to base flows). 

In addition, the median yearly, spring, and monthly flows were calculated. 
The median yearly flow is the median daily average flow for each year, the 
median spring flow is the median daily average flow occurring between 
March 1 and June 30, and the median monthly flow is the median daily 
average flow for each month. 

The hydrologic metrics were calculated at two gages maintained by the 
U.S. Geological Survey with long-term flow records: Sacramento River 
above Bend Bridge and San Joaquin River at Friant. These gages were 
selected because they most clearly represent the effects of changes in flow 
related to reservoir construction (i.e., they represent the furthest upstream 
gaging stations on the Sacramento and San Joaquin rivers) and because 
they both have continuous observations of average daily flows dating from 
1891 and 1908, respectively. All metrics were calculated separately for the 
pre-reservoir and post-reservoir flow periods. On the Sacramento River, a 
third period representing the period following the construction of Shasta 
Dam and before the import of Trinity River water from Whiskeytown 
Reservoir, was also calculated. The specific periods of record analyzed are 
shown in Table 4-1. 

Approximately 12 additional flow gages with long-term average daily flow 
observations were identified on the Sacramento and San Joaquin rivers and 
their tributaries; however, because of time constraints, flow metrics were 
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not prepared for these gaging stations. Similar analyses may be completed 
for these gages as part of the development of the 2017 CVFSCS. 

Although the approach used here supports an initial analysis of more 
general patterns, this analysis has important limitations. In particular, 
median flows cannot be used to evaluate effects occurring on a finer time 
scale, such as individual daily flow effects on salmonids. Effects of specific 
flow management events, such as introduction of the Central Valley Project 
Improvement Act mandated flows in 1992 and the flow management 
resulting from several Biological Opinions were also not assessed. 

Table 4-1.  Periods of Record for Hydrologic Process Metrics 
Period of Record Sacramento River San Joaquin River 

Pre-reservoir period 19011–1944 1908–1941 

Post-reservoir period 1945–1964 1942–2010 

Period following initiation of 
Trinity River imports 1964–2010 NA 

Source: Prepared by AECOM in 2011 for this report. 
Note: 
1 The record was truncated because Excel does not recognize dates before 1901. 
Key: 
NA = not applicable 

Median Flows 
Timing and variability of median flows from pre-reservoir and post-
reservoir periods were compared to assess changes in the hydrologic 
habitat parameters of native species. The life cycles and physiology of 
native plant, fish, and wildlife species are adapted to the hydrologic regime 
that predates reservoirs on the major rivers. Major changes in hydrologic 
habitat parameters would reduce habitat suitability for native species. 

Methodology and Rationale   The median yearly, spring, and monthly 
flows (in cfs) for the pre-reservoir and post-reservoir periods were 
determined as a means to compare changes in the pattern of flows, compare 
the timing of peak and low flows, and visualize overall flow variability 
under historical conditions and with operation of reservoirs. They provide a 
concise overview of overall hydrologic conditions while conveying 
information about the typical timing and intensity of the annual high and 
low flows and information about flow variability. 

Metric Summary   Monthly median flows in the Sacramento and San 
Joaquin rivers are shown on Figures 4-1 and 4-2, respectively. Before 
Shasta Dam was completed and the Trinity River imports to the 
Sacramento River were initiated, peak median flows occurred in the 
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February-through-April period. After Shasta Dam was completed in 1944, 
peak flows occurred in February and then again in July and August. After 
imports from the Trinity River were introduced, median summer flows in 
the Sacramento River increased by 2,000 cfs to 3,000 cfs (Figure 4-1). 

 
Source: Prepared by AECOM in 2011 based on USGS gage data 
Figure 4-1.  Monthly Median Flows in the Sacramento River at Bend 
Bridge (USGS Gage 11377100) 

 
Source: Prepared by AECOM in 2011 based on USGS gage data 
Figure 4-2.  Monthly Median Flows in the San Joaquin River at Friant 
(USGS Gage 11251000)  
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Recently, Trinity River imports have changed as a result of the Trinity 
River Mainstem Fishery Restoration Final EIS/EIR Record of Decision in 
2000 (U.S. Department of Interior 2000). 

Before completion of Friant Dam, monthly median flows in the San 
Joaquin River peaked in the May-to-June period (Figure 4-2). After Friant 
Dam was completed in 1941, flows in the San Joaquin River were much 
reduced because the vast majority of water is conveyed through the Friant-
Kern and Madera canals (Figure 4-2). 

The floodflows in spring are the most ecologically and geomorphologically 
relevant floodflows. Median spring flows for the Sacramento and San 
Joaquin rivers are shown on Figures 4-3 and 4-4. Sacramento River flows 
had much greater year-to-year variability before Shasta Dam was 
completed in 1944 than after completion of the dam. After flows from the 
Trinity River were added in 1965, annual variability increased, but not to 
the pre-Shasta level (Figure 4-3). 

San Joaquin River flows decreased greatly below Friant Dam after the dam 
was completed, although large flood events (e.g., greater than 4,500 cfs) 
are not affected because they cannot be contained by the dam (Figure 4-4). 

As discussed in Section 3, before the construction of major dams, the 
timing of flow events in the Sacramento and San Joaquin valleys had a 
consistent seasonal cycle, with maximum flows in spring and minimum 
flows in summer. In an environment with highly variable rainfall and 
streamflow regimes, these flows typically varied within years (from month 
to month) and between years, and species such as salmonids, various 
species of riparian trees and shrubs, and, by extension, wildlife that depend 
on riparian vegetation exhibited life histories that exploited these variable 
streamflow patterns. Natural communities were likely more diverse before 
the dams were built than after because the variability of streamflows and 
higher frequency of high, scouring flows created a diverse physical habitat. 
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Source: Prepared by AECOM in 2011 based on USGS gage data 
Figure 4-3.  Median Spring Flow in the Sacramento River at Bend 
Bridge (USGS Gage 11377100) 

 
Source: Prepared by AECOM in 2011 based on USGS gage data 
Figure 4-4.  Median Spring Flow in the San Joaquin River at Friant 
(USGS Gage 11251000) 
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Floodplain Inundation Flow Discharge, Frequency, and Duration 
Floodplain inundation flows provide native fish species access to 
floodplain habitat, where rates of predation by nonnative fish are lower and 
food production are higher than in the channel (Sommer et al., 2001, 2003). 
Floodplain inundation particularly benefits outmigrating salmonids and 
spawning Sacramento splittail (Pogonichthys macrolepidotus). Floodplain 
inundation also provides nutrients and seeds of riparian species to the 
floodplain and provides water to floodplain habitats. The discharge, 
frequency, and duration of floodplain inundation flows were assessed 
because a reduction in these parameters resulting from a change in 
reservoir operations would represent a reduction in benefits to native 
species and habitats. 

Methodology and Rationale   IHA was used to compute the average 
annual peak discharge, frequency, and duration of small floods before and 
after reservoir construction at the two long-term flow gages identified 
above. In IHA, a small flood is defined as a flow event with a peak flow 
greater than a pre-dam 2-year return interval flow rate and less than or 
equal to the pre-dam 10-year return interval flow rate. These small flood 
ranges were selected because these flows represent a range of floods (i.e., a 
2- to 10-year recurrence interval) that inundated floodplains before the 
dams were constructed and that are thought to be positively related to a 
variety of ecosystem functions, such as the regeneration of riparian habitat 
and the provision of salmonid rearing habitat (see Section 3.4.2). Larger 
floods with a recurrence interval of greater than 10 years may also have 
ecosystem benefits, but they do not occur regularly enough to have the 
ecosystem benefit of more frequent floods. 

For each year in which a small flood event occurred, IHA computed the 
maximum event-peak discharge. The average of these maximum peaks was 
then computed and plotted in Microsoft Excel to convey the change, before 
and after dam construction, on small flood event peak discharges. In 
addition, IHA records the number and median duration of small flood 
events per year. The number and average duration of the events were then 
computed and plotted on an annual basis in Microsoft Excel. These plots 
are shown on Figures 4-5 and 4-6. 

Metric Summary   The average annual peak discharge of small floods on 
the Sacramento River downstream from Shasta Dam declined by 10 
percent for the period from construction of Shasta Dam to before the 
Trinity imports began in 1965. Since the Trinity imports began, the average 
annual peak discharge remains similar (Figure 4-5A). Although peak 
discharges have not changed significantly, the average annual frequency 
has been reduced from 0.66 event per year to 0.07 event per year (Figure 4-
5C). This suggests that although Shasta Dam has reduced the frequency of 
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small floods on the Sacramento River, the dam does not have the capacity 
(or is not operated) to significantly reduce the peak of small flood events 
when they do occur. The average duration of these events increased by 100 
percent during the pre-Trinity imports period (from 2.5 to 5 days) and again 
by 47 percent following the Trinity imports (from 5 days to 7.3 days), for a 
total increase of 193 percent since before Shasta Dam was constructed 
(Figure 4-5E). This increase in duration reflects typical flood control 
operations, where flood event peaks are stored and subsequently released at 
lower flow rates following the event peak. 
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  Pre-Shasta Dam (1901-1944)   Pre-Trinity Imports (1945-1964)   Current (1965-2010) 
Source: Prepared by AECOM in 2011 based on USGS gage data 
Figure 4-5.  Mean Annual Discharge, Frequency, and Duration of Floodplain Inundation  
Flows and Bankfull Flows in the Sacramento River at Bend Bridge (USGS Gage 11377100) 
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   Pre-Shasta Dam (1901-1944)   Pre-Trinity Imports (1945-1964)  
Source: Prepared by AECOM in 2011 based on USGS gage data 
Figure 4-6. Mean Annual Discharge, Frequency, and Duration of Floodplain Inundation Flows 
and Bankfull Flows in the San Joaquin River at Friant (USGS Gage 11251000) 
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The average annual peak discharge for small floods on the San Joaquin 
River downstream from Friant Dam increased by 36 percent after Friant 
Dam was built in 1942 (Figure 4-6A). However, only two small flood 
events are recorded at the Friant gage since 1942. Peaks of 14,900 cfs and 
36,800 cfs were recorded for these two events, where the 36,800 cfs peak is 
greater than any small flood event recorded during either period. This 
suggests that Friant Dam was likely at or near capacity before the second 
event peak and that the dam may be optimized for small flood events as 
opposed to large flood events, allowing for upper end (i.e., with a 10-year 
return interval) peak discharges to be released. Given that the frequency of 
small flood events has been reduced from 0.74 event per year to 0.03 event 
per year (Figure 4-6D), it is clear that Friant Dam is operated to capture and 
is successful at capturing small flood events. The duration of small floods 
has also been reduced, from 6 days to 3 days (Figure 4-6E), suggesting that 
the dam is operated not only to capture all small flood events but to release 
those events at extreme low-flow rates. This is confirmed by the increase in 
average yearly duration of extreme low-flow events from 29.4 days to a 
very long 352.3 days. 

Small flood events (i.e., with a 2- to 10-year return interval) are both 
geomorphologically and ecologically important because of the overbank 
flooding that occurs during these events. Shasta and Friant dams have 
significantly reduced overbank flooding, as is evident from 90 percent and 
96 percent reductions in small flood frequency on the Sacramento and San 
Joaquin rivers, respectively, and have reduced the frequency of inundation 
of floodplain habitats and species. 

Bankfull Flow Discharge, Frequency, and Duration 
Bankfull flows drive meandering and other related geomorphic processes 
(e.g., erosion and deposition of sediment) in the major rivers. LWM, which 
provides important habitat for native fish and invertebrate species, is 
generated by the erosive processes caused by these flows because they 
cause trees to fall into the channel. The discharge, frequency, and duration 
of bankfull flow were assessed because a reduction in these hydrologic 
parameters resulting from a change in reservoir operations would represent 
a reduction in the geomorphic process that generates LWM and maintains 
habitat diversity. 

Methodology and Rationale   IHA also was used to compute the 
discharge, frequency, and duration of high pulse flows. In IHA, a high 
pulse flow is defined as a flow event greater than a pre-dam 1.5-year return 
interval flow rate and less than or equal to the pre-dam 2-year return 
interval flow rate. A 1.5- to 2-year recurrence interval flow is roughly 
equivalent to the hypothetical bankfull flow, and although dynamic channel 
processes have been observed on the Sacramento River at discharges much 
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less than the presumed bankfull discharge, the bankfull discharge, because 
of its regularity and force, is assumed to be responsible for most of the 
force in the bed and channel. Thus, the bankfull discharge is strongly 
linked to sediment mobilization and transport and with the creation and 
maintenance of meandering streams, eroded banks, and point bar 
deposition. These physical changes to the stream can be positively 
associated with a variety of ecosystem functions (see Section 3.4.1). 

As for small flood metrics, high pulse-flow metrics were computed and 
plotted using IHA and Microsoft Excel, as described in the following 
section. 

Metric Summary   The high pulse flow (or bankfull flow) was defined as 
a particular range of discharges observed before dam construction, and the 
pre-dam and post-dam median peak flows were selected to be the same 
and, therefore, do not differ (Figures 4-5B and 4-6B). The high pulse flow 
in the San Joaquin River was about 12 percent of the high pulse flow in the 
Sacramento River. 

The frequency of these pre-dam bankfull flows is much reduced by the 
dams (Figures 4-5D and 4-6D), especially by Friant Dam. These flows are 
responsible for most of the channel migration, so the extent of channel 
migration was severely reduced with construction of the dams, especially 
on the San Joaquin River (Jones & Stokes Associates 1998b, 2002). 
However, on the Sacramento River, the effects of an increase in land 
conversion to agricultural land uses and an increase in bank revetment that 
have also occurred since Shasta Dam was built have confounded the effect 
of the hydrologic changes on geomorphology and plant community 
diversity. 

The duration of the high pulse flows increased after the construction of 
dams on the Sacramento and San Joaquin rivers (Figures 4-5F and 4-6F). 
The reason is that the dams are operated to keep flows at the bankfull level 
and to keep them from spilling onto the floodplain. 

Extreme Low-Flow Discharge 
Low flows maintain riparian vegetation through summer by preventing 
desiccation. However, if summer low flows are too high, they may cause 
the drowning of seedlings of riparian trees and shrubs. The discharge of 
low flows was assessed to determine whether changes in summer low flows 
resulting from a change in reservoir operations could result in the 
desiccation or drowning of riparian vegetation. 

Methodology and Rationale   Extreme low-flow events were defined as 
events with a peak discharge less than or equal to the maximum of the 
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minimum 90-day running-average flows of each water year. The flow 
record for each gage was queried using IHA for the minimum 90-day flow 
for each year, and Microsoft Excel was used to determine the maximum of 
these 90-day-duration minimums. IHA and Microsoft Excel were then used 
to compute the average annual discharge of extreme low-flow events. 

A 90-day minimum flow was chosen to represent low flows because a flow 
of this duration is most likely to represent the average annual base flow. As 
described in Section 3.2.3, base flows are positively linked to the 
sustainability of riparian vegetation and riparian wetlands and the 
suitability of salmonid spawning habitat. Modified base flows may also be 
a primary factor limiting the recruitment of early successional riparian 
vegetation in the Sacramento River (see Section 3.5.3). 

Metric Summary   The low flow of the Sacramento River was increased 
after Shasta Dam was completed to provide irrigation water during summer 
(Figure 4-7, see also Figure 4-1). These flows are high enough to “drown” 
seedlings of riparian tree and shrub species. In the San Joaquin River, low 
flows after Friant Dam was completed were much lower than the flows 
before dam construction (Figure 4-8, see also Figure 4-2). Low flows in the 
San Joaquin River are so low that riparian seedlings cannot survive the 
summer in the reach between Gravelly Ford and Mendota Dam. 

 
Source: Prepared by AECOM in 2011 based on USGS gage data 
Figure 4-7.  Base-Flow Discharge in the Sacramento River at Bend 
Bridge (USGS Gage 11377100) 
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Source: Prepared by AECOM in 2011 based on USGS gage data 
Figure 4-8.  Base-Flow Discharge in the San Joaquin River at Friant 
(USGS Gage 11251000) 

 Channel and Floodplain Dynamics 4.1.2

Description of Metrics 
The metrics chosen to represent the status and trends of channel and 
floodplain dynamics are total river length, floodplain reworked (i.e., area 
that the channel moved through), and floodplain age. These metrics were 
computed previously for the middle reach of the Sacramento River (from 
RM 143 to 244) (Larsen, 2010). Because of time constraints associated 
with preparing this information for inclusion in the 2012 CVFPP, these 
metrics were included from this previous report but were not calculated for 
other reaches of the Sacramento River, tributaries to the Sacramento River, 
or the San Joaquin River system. It is anticipated that these metrics will be 
calculated for other rivers in the Sacramento and San Joaquin valleys as 
part of the 2017 CVFPP. 

Total River Length 
Total river length represents the amount of riverine and channel margin 
habitat available to native species. Changes in total river length were 
assessed to determine whether habitat for native species had changed as a 
result of a change in river planform. 
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Methodology and Rationale   Total river length was calculated as the 
distance along the Sacramento River channel centerline from the Red Bluff 
Diversion Dam (RM 244) to the Colusa Bridge (RM 143). The total river 
length was calculated in GIS by measuring the centerline length of the river 
channel for eight periods between 1904 and 2007. Historic river centerlines 
were created by GIS analyses of aerial photographs and historic centerlines. 
Because the river tended to be located in different locations through time, a 
common start and end point was chosen for analysis. Channel segments that 
extended past these points were trimmed, resulting in a measure of river 
length reflective of sinuosity between a common starting and ending point. 

The total length of river between a starting location and an ending location 
is a clear and obvious measure of the size of the river. For ecosystem 
processes related to the areal extent of a river channel, such as salmonid 
rearing habitat or floodplain interaction, and area of riparian habitat, a 
greater total length of river (given fixed end locations) will provide more 
area and therefore more ecosystem functions and processes. Total river 
length is by definition a large-scale metric that assesses the overall health 
of the river. This indicator was previously used as a metric of river health 
on the Willamette River in Oregon (IMST, 2002). 

A longer, and therefore more sinuous, river provides an ecosystem with 
greater habitat values (e.g., Brookes, 1987; James and Henderson, 2005). In 
alluvial river settings, a sinuous river has more cut banks and point bars 
than a straight river. It is also likely to be a more active river in terms of 
riverine processes of meander migration and erosion and sediment 
deposition, although such processes may be constrained by the presence of 
riprap on the riverbank. Because sinuous rivers have a greater complexity 
of habitats and ecological processes associated with them (e.g., Boano et 
al., 2006), they are more supportive of native species (e.g., bank swallows, 
salmon) and communities (e.g., cottonwood forests) (e.g., Jungwirth et al., 
1993; Brunke and Gonser, 1997). 

Metric Summary   From 1904 through 2007, the geometric complexity 
and meander migration dynamics of the middle Sacramento River have 
decreased (Figure 4-9), which has implications for the riparian ecosystem. 
The river channel length has tended to decrease, suggesting that the river 
length lost to cutoff and other processes has not been replaced by an 
increase in length related to channel migration over that period. In addition, 
other metrics representing the channel complexity and dynamics have also 
decreased in a manner similar to the channel length (Larsen, 2010; Micheli 
and Larsen, 2011). For example, the formation of high-sinuosity bends 
susceptible to future cutoff has declined; the river sinuosity, the average 
entrance and exit angle magnitudes, and the average migration rate have all 
tended to decrease with time. The entrance angle represents the upstream 
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curvature of a bend and can be correlated with a tendency to cut off the 
bend (Micheli and Larsen, 2011). Cutoffs can produce oxbow lakes on the 
Sacramento River, which are important habitats (Morken and Kondolf,  

Source: Larsen, 2010 
Figure 4-9.  Change in Total River Length over Time for the Middle 
Sacramento River (RM 143 to RM 244) 

2003). The exit angle is similar but is measured at the downstream 
inflection point. 

Floodplain Reworked 
Methodology and Rationale   The area of floodplain reworked per year 
was calculated in GIS by measuring the area of the “lateral change 
polygon” that is formed when two channel centerlines from two different 
periods are intersected. A time series of river centerlines was created as 
described above under “Total River Length.” The resultant area between 
two river centerlines was divided by the number of years in the time 
interval between the two periods (Figure 4-10). The area of floodplain 
reworked measured in this way is an estimate of “new floodplain created” 
(Larsen et al., 2006b). A related metric is floodplain age (Fremier, 2003), 
which is described in more detail below. 

For ecosystem functions and processes related to the areal extent of river 
channel or of riparian habitat area, the reworking of land and creation of 
new floodplain are critical (Malanson, 1993; Naiman et al., 2005; Greco et 
al., 2007). For example, Fremont cottonwood development depends on 
point bars that are created. As cottonwoods mature, they depend on the 
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time-sequence of land reworked or floodplain creation. Other riparian 
species also require heterogeneity of floodplain age, which is produced by 
land being reworked (van Coller et al., 2000; Dixon et al., 2002; Steiger et 
al., 2005). The “per year” measurement of land reworked is a metric of the 
rate that such land is being produced. 

 
Source: Prepared by Dr. Eric Larsen in 2011 
Figure 4-10.  Calculation Method of Area of Floodplain Reworked 

Metric Summary   The floodplain area reworked generally shows a 
decreasing trend over time, although there are large fluctuations (Figure 
4-11). As described below, the reasons for these fluctuations are complex. 

Some of the reasons can be better understood by separating the area of 
floodplain reworked into separate components, such as progressive 
migration, partial cutoff, and chute cutoff (Micheli and Larsen, 2011). 

Changes in the indicator values indicate that some of the changes in the 
river have causes and conditions that conflict with each other. An example 
of these complicated relationships is the rate of floodplain area reworked. 
The changes in area reworked on the middle Sacramento River are the 
result of multiple (sometimes conflicting) causes. For example, the rate of 
area reworked has decreased with the use of bank protection, but it also has 
increased with replacement of native riparian vegetation with agriculture 
(Micheli et al., 2004). 
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Floodplain Age 
Methodology and Rationale   Floodplain age is defined as the time 
elapsed since a specific area changed from aquatic to terrestrial (e.g., river 
channel to point bar). This metric was measured using the same digitized 
time series of channel centerlines used to compute total river length and 
floodplain reworked. Algorithms were developed in GIS to interpolate 
channel positions between years because the source aerial photographs 
used to derive channel centerlines were taken, on average, 10 years to 15 
years apart. The resultant geospatial data depict the estimated age of the 

Source: Larsen, 2010 
Figure 4-11.  Area of Floodplain Reworked over Time for the Middle 
Sacramento River (RM 143 to RM 244) 

floodplain surface and the mechanism by which new floodplain was 
created (i.e., floodplain created by progressive channel migration rather 
than channel abandonment). A full description of the methodology used to 
calculate floodplain age is provided elsewhere (Fremier and Girvetz, in 
prep.; Figure 1). 

Metric Summary   An example of the floodplain age analysis is shown on 
Figure 4-12 (different colors represent different floodplain ages). Like the 
floodplain reworked metric, the floodplain age metric provides a useful 
measure by which riparian habitat ecosystem functions can be assessed 
(Fremier et al., 2009). Figure 4-13 shows the acreages of floodplain patches 
of different ages in a reach of the Sacramento River. Because riparian 
ecosystems undergo relatively predictable patterns of vegetation succession 
following disturbance, it can be assumed that river reaches with a wide 
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diversity of floodplain ages will have a diversity of vegetation 
communities. This diversity would include early successional species on 
younger floodplains, a mixture of early and late successional species on 
middle-aged floodplains, and late successional species on older floodplains 
(Greco and Plant, 2003; Fremier et al., 2009). An assumed positive 
relationship exists between floodplain age diversity and species diversity, 
as described in Section 3.4.1. 
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Source: Prepared by Dr. Eric Larsen in 2011  
Figure 4-12. Floodplain Age Mapped Along the Middle Sacramento River (RM 145 to RM 243)  
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Source: Prepared by Dr. Eric Larsen in 2011 
Figure 4-13.  Area of Newly Created Floodplain by Year Along the 
Middle Sacramento River (RM 217 to RM 243) 

 Riparian and Riverine Habitats 4.1.3
A diversity of floodplain ages reflects ecosystem processes that lead to a 
diversity in habitats. Newly formed land undergoes primary succession and 
is colonized through this process by early successional woody species, such 
as willows and cottonwoods. These species provide habitat for important 
conservation target species. Conservation of primary and secondary 
successional processes is an important management goal (Greco et al., 
2007). 

Meander migration and channel cutoff processes are necessary to create 
and support the landscape heterogeneity of different riparian wildlife 
habitats. For example, Greco et al. (2002) showed that the yellow-billed 
cuckoo’s habitat consists of cottonwood forest that is maintained by 
periodic disturbance. 

Description of Metrics 
The metrics chosen to represent the status and trends of riparian and 
riverine habitat are (1) SRA cover length, (2) habitat distribution and 
extent, and (3) species distribution and abundance. SRA cover length is 
presented in tabular format (i.e., summarized by reach). Habitat and species 
distributions are presented spatially. Species abundance ideally would be 
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presented as counts of representative species, but those data are not 
available. 

Shaded Riverine Aquatic Cover 
Methodology and Rationale   SRA cover is defined as “the unique near-
shore aquatic area occurring at the interface between a river (or stream) and 
adjacent woody riparian habitat. Key attributes of this aquatic area include 
(a) the adjacent bank being composed of natural, eroding substrates 
supporting riparian vegetation that either overhangs or protrudes into the 
water, and (b) the water containing variable amounts of woody debris, such 
as leaves, logs, branches and roots, often substantial detritus, and variable 
velocities, depths, and flows” (USFWS, 1992).  

Three attributes of SRA cover make it an important component of fish and 
wildlife species habitat (USFWS, 1992): 

• Overhanging vegetation and (sometimes) riverbanks provide at least six 
types of habitat values to fish and wildlife species: 

- Shade and cover reducing visibility to predators  

- Moderation of water temperatures important to salmonids  

- Input of plant material which provides instream cover for fish  

- Habitat of terrestrial and aquatic invertebrates which provide food 
to birds and aquatic species 

- Perches, nesting, and resting areas for bird species 

• In-water cover, including (1) overhanging or fallen trees or branches, 
(2) aquatic vegetation, (3) diversity of substrate sizes, and (4) irregular 
banks, provides habitat complexity to fish and wildlife species, which 
supports a high diversity and abundance of invertebrate and fish 
species. 

• Natural, eroding banks, often have cavities, depressions, and vertical 
faces that support bank-dwelling species, including bank swallow, 
belted kingfisher (Megaceryle alcyon), mink (Neovison vison), river 
otter (Lontra canadensis); and that provide cover and shelter for fish. 
The bank dwelling species may use these banks and their cavities as 
access points for the water or for nesting. Erosion of natural bank 
substrates provides instream spawning substrate for aquatic species, 
including salmonids. 
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SRA cover data are available for three reaches of the Sacramento River: 
Red Bluff to Chico Landing, Chico Landing to Colusa, and Colusa to 
Verona. Data for the reaches from the latter two (downstream) reaches 
were collected by the USFWS and USACE in spring and summer 2002. 
Data for the reach from Red Bluff to Chico Landing were collected by 
DWR in 2007. The methods were developed jointly by DWR, USFWS, and 
USACE, and followed the protocol of the Standard Assessment Method for 
the Sacramento River Bank Protection Project (USACE, 2004).  

The following data were mapped along the three reaches: 

• Bank type: mostly erosional or mostly stable (which are SRA cover 
types), or mostly depositional or revetment (which are non-SRA cover 
types) 

• Vegetative cover: more than 75 percent cover of woody vegetation (an 
SRA cover type), less than 75 percent woody vegetation (a non-SRA 
cover type) 

• Woody vegetation type: riparian forest (taller than 20 feet), riparian 
scrub (shorter than 20 feet) 

• LWM cover: percentage bank length with large woody material 

• Overhead cover: percentage of riverbank line shaded at noon (not 
analyzed in this report) 

Overhead cover height: cover mostly less than 10 feet high, cover mostly 
more than 10 feet high (not analyzed in this report). Sites were only 
considered to have SRA cover when they had mostly erosional or mostly 
stable bank types, more than 75 percent woody vegetative cover, with 
shaded bank line, and LWM present. 

Metric Summary   Approximately 81 percent of the banks between Red 
Bluff and Colusa are natural (i.e., without revetment) (Figure 4-14). 
Between Colusa and Verona the amount of revetment is much greater and 
the natural bank portion is about 40 percent. The percentage of banks with 
SRA cover is greatest between Chico Landing and Colusa (55 percent), and 
considerably less upstream and downstream (approximately 28 and 25 
percent, respectively) (Figure 4-14). 

For natural banks, the type of SRA cover (riparian forest versus scrub, and 
LWM cover) differs substantially among the three reaches. The majority of 
the SRA cover in the reach from Red Bluff to Chico Landing consists of 
riparian scrub (62.2 percent), while from Chico Landing to Colusa the 
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percentage of scrub is much less (22.8 percent), and from Colusa to Verona 
the scrub percentage is very much less (1.8 percent) (Figure 4-15). Almost 
all SRA cover between Colusa and Verona consists of riparian forest. 

Approximately 38 percent of the natural banks between Red Bluff and 
Chico Landing are in the highest LWM cover class (Figure 4-15). Most of 
this LWM is contributed by riparian scrub, and presumably consists of 
relatively small material. Only 8 percent of the natural banks in the reach 
between Chico Landing and Colusa are in the largest LWM class, and all 
this material is associated with riparian forest, presumably including logs 
and large tree branches (Figure 4-15). 

Source: Prepared by Dr. Eric Larsen in 2011 
Figure 4-14.  Percent Natural Bank Length and SRA Cover by Reach 

Overall bank length with more than 50 percent LWM cover can be 
calculated by multiplying the overall natural bank percentage (Figure 4-
14A) with the percentage of bank length in a particular LWM cover class 
(Figure 4-15). For the reaches from Red Bluff to Chico Landing, Chico 
Landing to Colusa, and Colusa to Verona, bank lengths with more than 50 
percent LWM cover represent 31 percent, 6 percent, and 19 percent of the 
total bank lengths, respectively. Overall bank lengths with LWM cover 
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between 1 percent and 50 percent for the reaches from Red Bluff to Chico 
Landing, Chico Landing to Colusa, and Colusa to Verona are 42 percent, 
74 percent, and 20 percent, respectively. 

 
Source: Prepared by Dr. Eric Larsen in 2011 
Figure 4-15.  LWM Cover Class Distribution of Riparian Scrub and Forest by Reach 
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Habitat Distribution and Extent 
Methodology and Rationale   Habitat distribution and extent were 
analyzed using the Central Valley Riparian Mapping Project GIS database 
prepared by California State University, Chico, and DFG. The data were 
developed for the CVFPP SPA to inventory riparian vegetation, wetlands, 
and other natural communities in the SPA. Land-use types were mapped to 
the broadest categories (i.e., agriculture and urban). The data were heads-
up digitized at a scale of 1:2,000 using National Agricultural Inventory 
Program 2009 aerial imagery (USDA, 2009). The minimum mapping unit 
(MMU) for natural vegetation is 1 acre with an average width equal or 
greater to 33 feet for polygons mapped to the National Vegetation 
Classification System (NVCS) Group Level; provisional NVCS groups are 
as presented by Sawyer et. al. (2009) and temporary provisional groups are 
as presented by Todd Keeler-Wolf (pers. comm., 2009). 

For the production of the large-scale maps in this report, natural vegetation 
types were combined into the following broad wetland and riparian habitat 
type categories: riparian forest, riparian scrub, freshwater permanent 
wetland, seasonal wetland, vernal pool complex, and alkali seasonal 
wetland complex. Acreages were calculated for each of these broad habitat 
types, and maps showing the distribution of these habitat types were 
created. To indicate the extent of change from historical conditions, the 
extent of riparian and perennial wetland vegetation from The Bay 
Institute’s (1998) map of historical riparian and wetland vegetation of the 
Central Valley is also displayed on the maps. 

Metric Summary   Figures 4-16 through 4-22 display the known 
distribution of riparian and wetland habitat in the Sacramento and San 
Joaquin valleys. As described in Section 2, riparian and wetland habitats 
are greatly restricted relative to their likely historical distribution. Although 
the historical trend has been a widespread decline in wetland and riparian 
habitats, recent restoration efforts have likely reversed this trend in parts of 
the Sacramento and San Joaquin valleys. It should be noted that most 
habitat restoration efforts to date have involved planting riparian vegetation 
and, occasionally, creating wetlands rather than restoring fluvial and 
geomorphic processes that would promote “natural” habitat regeneration. 
The locations and acreages of riparian and wetland habitat restoration 
projects completed in the Sacramento and San Joaquin valleys were not 
tabulated for preparation of this report. 
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Figure 4-16.  Riparian and Wetland Habitat in the Central Valley 
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Figure 4-17.  Riparian and Wetland Habitat in the Central Valley: Red Bluff to Colusa 
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Figure 4-18.  Riparian and Wetland Habitat in the Central Valley: 
Colusa to Verona 
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Figure 4-19.  Riparian and Wetland Habitat in the Central Valley: Verona to Rio Vista 
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Figure 4-20.  Riparian and Wetland Habitat in the Central Valley: Delta 
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Figure 4-21.  Riparian and Wetland Habitat in the Central Valley: Paradise Cut to  
Merced River 
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Figure 4-22.  Riparian and Wetland Habitat in the Central Valley: 
Merced River to Friant Dam 
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Areas of riparian and wetland habitat that still exist, including areas of 
restored habitat, are primarily found between the levees or within historical 
flood basins that serve as flood bypasses or are protected as wildlife 
refuges by federal or state agencies. Although these areas still provide 
valuable wildlife habitat (e.g., San Luis National Wildlife Refuge Complex, 
Yolo Bypass Wildlife Area), much of the remnant habitat exists as linear 
strips adjacent to the Sacramento and San Joaquin rivers and their 
tributaries. Linear strips of habitat frequently lack the structural 
characteristics and landscape attributes (e.g., patch size, edge-to-interior-
habitat ratios, connectivity) that are required for many species of riparian 
wildlife; therefore, the habitat values of these remnant patches are limited 
in many cases. 

Although not shown in these data, various studies and anecdotal 
observations (see Sections 2 and 3) indicate that much of this remnant 
riparian habitat is characterized by late succession vegetation, such as 
valley oak woodland. Early succession vegetation preferred by some 
species of migratory songbirds, including sensitive species like yellow-
billed cuckoo and yellow-breasted chat (i.e., cottonwood-willow scrub and 
woodland), is absent from much of the Sacramento and San Joaquin valleys 
because the disturbance and specific combination of flow events required 
to encourage germination and recruitment of early succession species is 
lacking. 

Species Distribution and Abundance 
Methodology and Rationale   For terrestrial species, the California 
Natural Diversity Database (CNDDB) (Version 3.1.0) was used to depict 
species distribution. The CNDDB is maintained by the Habitat 
Conservation Division of DFG. The primary function of the CNDDB is to 
gather and disseminate data on the status and locations of rare and 
endangered plants, animals, and vegetation types (Bittman, 2001). The goal 
of the CNDDB is to provide the most current information available on the 
state’s most imperiled elements of natural diversity and to provide tools to 
analyze these data (DFG, 2011a). Although more detailed data are 
available for some species in some parts of the state, the CNDDB provides 
data that are consistently compiled for a large number of sensitive species 
throughout the Sacramento and San Joaquin valleys. 

The CNDDB was queried for occurrence records for the following species: 
valley elderberry longhorn beetle (VELB) (Desmocerus californicus 
dimorphus), bank swallow, yellow-billed cuckoo, yellow-breasted chat, 
riparian brush rabbit (Sylvilagus bachmani riparius), riparian woodrat 
(Neotoma fuscipes riparia), and least Bell’s vireo. These species were 
selected because they are highly dependent on riparian habitats in the 
Sacramento and San Joaquin valleys for foraging, breeding, or other 
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important life history requirements. They also were selected because each 
is considered by state or federal resource agencies to be rare, threatened, or 
endangered. 

Although the number of individuals of each species observed at each 
CNDDB occurrence is usually recorded in CNDDB records, it is not 
always reliably reported, nor is it systematically collected at the same 
location over time. Therefore, it is difficult, if not impossible, to determine 
the number of individuals observed at each occurrence and how these 
population sizes have changed over time. Furthermore, CNDDB contains 
information only on areas that have been surveyed for species and therefore 
is an incomplete record of historical and current species’ distributions. 

For aquatic species, the current distribution of Chinook salmon and 
steelhead, as determined by the National Marine Fisheries Service (NMFS), 
was analyzed using the Chinook and Steelhead Distribution GIS (NOAA 
Fisheries, 2005). This dataset was compiled by the NMFS Southwest 
Regional Office in an effort to designate critical habitat for Chinook 
salmon and steelhead in the Sacramento and San Joaquin valleys. The data 
represent an approximation of Chinook salmon and steelhead occupancy in 
the region and are best suited for mapping at a regional scale. Historical 
occupancy was inferred from published reports (McEwan, 2001; 
Yoshiyama et al., 2001), and GIS maps depicting historical occupancy 
were prepared for Chinook salmon and steelhead using the information 
contained in these reports. 

The GrandTab report from 2009 (DFG, 2009) was used to display the 
current status and historical trend of Chinook salmon abundance in the 
Sacramento and San Joaquin valleys. It contains annual population 
estimates (escapement) for the Sacramento and San Joaquin river systems 
compiled from various sources by the Fisheries Branch Anadromous 
Resources Assessment Unit of DFG. Estimates are based on counts of fish 
entering hatcheries and migrating past dams, carcass surveys, live fish 
counts, and ground and aerial redd (Chinook salmon or steelhead nest) 
counts. The 2009 report includes data from 1960 through 2008. 

The current status and historical trend of steelhead abundance was 
determined from the CalFish database (CalFish, 2009a). Adult return 
estimates of the spawning population in the upper Sacramento River 
system (between Keswick Dam and the mouth of the Feather River) are 
available from 1953 through 1988. This dataset was used because it is the 
most complete record of steelhead abundance in the Sacramento and San 
Joaquin valleys (despite the fact that it lacks information on San Joaquin 
Valley steelhead entirely). 
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Metric Summary   Figures 4-23 through 4-25 display the current known 
distribution of the seven key riparian species identified above. Bank 
swallow and VELB have a wide geographic range throughout the 
Sacramento and San Joaquin valleys (Figures 4-23 and 4-24) but are highly 
dependent on riverine and riparian habitat, which has been significantly 
reduced in the Sacramento and San Joaquin valleys. Bank swallow has 
been described as historically common throughout lowland California 
(Grinnell and Miller, 1944; DFG, 1995). No historical distribution or 
abundance information is available for VELB. 
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Figure 4-23.  CNDDB Occurrences: Bank Swallow 
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Figure 4-24.  CNDDB Occurrences: Valley Elderberry Longhorn Beetle 
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Figure 4-25.  CNDDB Occurrences: Least Bell’s Vireo, Riparian 
Woodrat, Riparian Brush Rabbit, and Yellow-Breasted Chat 
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Surveys conducted in 2009 by DFG, USFWS and DWR estimate the 
Sacramento River bank swallow population at 8,180 breeding pairs, down 
38 percent from the 1986 estimate of 13,170 pairs (DFG, 2010). The 
Feather River population was estimated at 1,260 in 2009, less than half of 
the estimate for 1988 of 2,970 breeding pairs (DFG, 2010). Bank swallow 
population declines have been documented at least since the 1970s (Garcia 
et al., 2008). 

Yellow-breasted chat has specific habitat requirements that do not restrict it 
to Sacramento Valley and San Joaquin Valley riparian habitat, but 
according to CNDDB records it is present in only one location in the 
Sacramento and San Joaquin valleys (Figure 4-25). Historically, yellow-
breasted chats were found throughout California and more abundantly in 
the Sacramento and San Joaquin valleys (Grinnell and Miller, 1944). As 
late as 1973, singing males were common on the upper Sacramento River 
in northern Colusa County (Gaines, 1974, cited in Ricketts and Kus, 2004). 

Riparian woodrat and riparian brush rabbit are restricted to the Sacramento 
and San Joaquin valleys and known from only a few locations. Both 
species probably historically occurred throughout the extensive riparian 
forests along major streams in the northern San Joaquin Valley (62 Federal 
Register 62277, November 21, 1997).  

Historically, least Bell’s vireo commonly bred throughout the Sacramento 
and San Joaquin valleys, but before 2005 no nesting pairs had been 
confirmed for more than 50 years (Howell et al., 2010). Since 2005, this 
bird has been breeding at a restoration site in the San Joaquin River 
National Wildlife Refuge in Stanislaus County (Howell et al., 2010). In 
2010 and 2011, least Bell’s vireos also have been observed in spring in the 
Yolo Bypass (E. Whistler, pers. comm. 2010 and 2011). 

Historically, yellow-billed cuckoo was common to locally abundant in 
lowland riparian habitat, ranging from coastal Southern California through 
the Sacramento and San Joaquin valleys as far north as Red Bluff (Grinnell 
and Miller, 1944; Kus, 2004). There are no recorded occurrences of 
yellow-billed cuckoo in the CNDDB. It has been described as historically 
common throughout riparian habitat in lowland California, but it had been 
extirpated from many locations by 1944 (Grinnell and Miller, 1944). A 
survey conducted in 2010 estimated the Sacramento River population to be 
up to 38 breeding pairs (Dettling and Howell, 2011). 

Although historical occurrence records or population estimates for these 
species are lacking, these species were likely relatively common in the 
Sacramento and San Joaquin valleys (see references in above paragraph 
and Table 4-2). Therefore, the current range of these species and number of 
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observations in that range can be interpreted, and a probable trend can be 
inferred, relative to an assumed baseline condition for each species 
(Table 4-2). 

Table 4-2.  Probable Historical Distribution of Key Riparian-Associated 
Species 

Species Historical 
Distribution 

Historical 
Population Size References Inferred Trend 

Valley elderberry 
longhorn beetle 

No information 
available 

No information 
available NA Unknown 

Bank swallow Throughout lowland 
California Common Grinnell and Miller, 

1944; DFG, 1995 Declining 

Yellow-breasted 
chat 

Throughout 
California 

Common to 
abundant 

Grinnell and Miller, 
1944; Gaines, 
1974, cited in 
Ricketts and Kus, 
2004 

Declining 

Yellow-billed 
cuckoo 

Riparian habitat 
throughout lowland 
California 

Common Grinnell and Miller, 
1944 Declining 

Least Bell’s vireo 

Lowland riparian 
habitat from coastal 
Southern California 
through the 
Sacramento and 
San Joaquin 
valleys 

Common to locally 
abundant 

Grinnell and Miller, 
1944; Kus, 2004 Declining 

Riparian brush 
rabbit 

Along major 
streams in the 
northern San 
Joaquin Valley 

No information 
available 

62 Federal Register 
62277, November 
21, 1997 

Declining 

Riparian woodrat 

Along major 
streams in the 
northern San 
Joaquin Valley 

No information 
available 

62 Federal Register 
62277, November 
21, 1997 

Declining 

Source: AECOM, 2011 
Key: 
NA = none available 

Figures 4-26 and 4-27 display the historical and current distribution of 
Chinook salmon and steelhead in the Sacramento and San Joaquin valleys. 
Historically, salmon and steelhead travelled much farther upstream to 
spawn. The construction of dams and other passage barriers has greatly 
restricted available habitat for these species, as described in Section 3.5.5. 
As a result, Chinook salmon and steelhead have been extirpated from the 
upper reaches of their historical range, including the upper San Joaquin 
River system (upstream from the confluence with the Merced River). 
Overall estimates of salmonid habitat loss in the Sacramento and San 
Joaquin valleys range from 80 percent to 95 percent (Moyle et al., 2008). 



2012 Central Valley Flood Protection Plan 
Attachment 9B: Status and Trends of the Riparian and 
Riverine Ecosystems of the Systemwide Planning Area 

4-42 January 2012 
Public Draft 

Most of the historically available habitat is now behind impassable dams 
and other barriers (Lindley et al., 2006; McEwan, 2001; Yoshiyama et al., 
2001), and the habitat that remains is at lower elevations that were 
historically used as migration corridors and, except for small reaches, are 
not ideal for spawning, rearing, or holding (Yoshiyama et al., 2001; 
McEwan, 2001). 
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Figure 4-26.  Chinook Salmon Historic and Current Distribution in the Central Valley 
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Figure 4-27.  Central Valley Steelhead Historic and Current Distribution in the  
Central Valley 
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Figures 4-28 through 4-31 display the annual population estimates of fall, 
late fall, winter, and spring runs of Chinook salmon in the Sacramento and 
San Joaquin river systems. Figure 4-32 displays the adult return estimates 
of steelhead in the upper Sacramento River system. 

Winter-run Chinook salmon have declined significantly since the 1970s 
(Figure 4-28). They historically spawned in spring-fed headwaters in the 
upper Sacramento River system (Yoshiyama et al., 2001), most of which 
are now behind impassable dams (Figure 4-26). Blocked access to 
historical spawning habitat, impaired passage at Red Bluff Diversion Dam, 
ocean harvest, elevated water temperatures, water quality effects of Iron 
Mountain Mine, and entrainment at large, unscreened diversions are all 
plausible mechanisms for low winter-run abundance (TNC, 2007). 
Abundance data on winter-run Chinook escapement before dam 
construction are rare, but there is some indication from gill net studies and 
other observations that winter-run abundance may have been in the 
hundreds of thousands before construction of Shasta Dam (TNC, 2007). 
This species persists today largely because of cold-water releases from 
Keswick Dam during the summer months, when winter-run fish are holding 
and spawning in the upper reaches of the lower Sacramento River. 

Although spring-run Chinook salmon abundance throughout the 
Sacramento River system has not changed significantly since 1969, 
numbers of the fish in the mainstem Sacramento River have decreased 
significantly (Figure 4-29). Spring-run Chinook salmon historically 
spawned in high-elevation streams (Yoshiyama et al., 2001), and dams 
have blocked access to much of this historical spawning habitat (Figure 
4-26). Dams may also have reduced or eliminated spatial and temporal 
segregation between spawning spring- and fall-run Chinook salmon in 
some areas, particularly in the mainstem Sacramento River, leading to 
increased potential for hybridization on the spawning grounds (TNC, 
2007). At one time, spring-run Chinook salmon may have been the most 
abundant race throughout the Central Valley, with escapement in the 
hundreds of thousands (Mills and Fisher, 1994, cited in TNC, 2007). 

The fall run of Chinook salmon is the most abundant run in the Sacramento 
and San Joaquin valleys (Figure 4-30), in large measure because it has 
suffered relatively less displacement from historical habitats by dam 
construction (TNC, 2007). Fall-run Chinook salmon historically spawned 
on the valley floor and in lower foothill reaches below 500 feet to 1,000 
feet in elevation, depending on location (Yoshiyama et al., 2001). The 
relatively high abundance of fall-run Chinook salmon is also a function of 
hatchery supplementation because they have been the primary target of 
hatchery production at Central Valley hatcheries for several decades (TNC, 
2007). 
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Source: DFG, 2009 
Figure 4-28.  Winter-Run Chinook Salmon Escapement in the Central 
Valley  

Source: DFG, 2009 
Note: Year is shown in brackets when numbers are preliminary. 
Figure 4-29.  Spring-Run Chinook Salmon Escapement in the Central 
Valley 
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Source: DFG, 2009 
Note: Year is shown in brackets when numbers are preliminary. 
Figure 4-30.  Fall-Run Chinook Salmon Escapement in the Central 
Valley 

 
Source: DFG, 2009 
Figure 4-31.  Late Fall-Run Chinook Salmon Escapement in the 
Sacramento River System 
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The lack of reliable escapement data for most of the past decades may 
hinder the identification of a clear trend in the abundance of late fall-run 
Chinook salmon (Figure 4-31). Escapement data on late fall-run Chinook 
salmon is available only for the Sacramento River system, and escapement 
estimates made after 1985 are unreliable for a variety of reasons (TNC, 
2007). Little information is available to indicate the historical abundance of 
late fall-run salmon in the Sacramento River Basin; they were first 
recognized by fishery agencies as a distinct run only after the construction 
of Red Bluff Diversion Dam in 1966 (TNC, 2007). 

Steelhead abundance in the upper Sacramento River system has declined 
since the 1960s (Figure 4-32). An accurate estimate of current steelhead 
abundance throughout the remainder of the Sacramento and San Joaquin 
valleys is unavailable. Historically, steelhead spawned and reared in high-
gradient reaches of tributaries to the Sacramento and San Joaquin rivers 
(TNC, 2007), nearly all of which are now blocked by impassable dams 
(Figure 4-27). There may have been as many as 1 million to 2 million adult 
steelhead spawning in these reaches annually before 1850 (McEwan, 
2001). 

4.2 Stressor Metrics 

 Levees and Bank Revetment 4.2.1

Description of Metrics 
Channel migration, meander cutoff, and other important ecosystem 
processes are severely limited by bank revetment and near-channel levees. 
Such constraints reduce the potential for these ecosystem processes to 
occur, which can be estimated by quantifying the degree of meander 
potential. Analyses performed for this report quantified the area available 
for future migration. In this report, an area where the channel 
could potentially migrate is called a “meander potential” area. 

Two categories of meander potential were quantified: natural and existing. 
The difference between the two estimates is the difference between the 
natural channel dynamics and the dynamics limited by current bank 
restraints. The methods used to quantify these categories are described 
below. 
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Source: CalFish, 2009a 
Figure 4-32.  Central Valley Steelhead Adult Return Estimates in the 
Upper Sacramento River System 

Methodology and Rationale 
In a study of the meander migration patterns of RM 80 to RM 243 of the 
middle Sacramento River, it was shown that providing the full range 
of meander migration and cutoff dynamics required that channel constraints 
be set back approximately three channel widths (Larsen et al., 2006a). 

This setback width was overstated. Not all levees need to be set back three 
channel widths because (1) geology is limiting in some cases, and (2) 
levees are already set back in some areas (i.e., in some areas they are not 
exactly on the banks). The total needed setback would be less in these 
cases. 

To estimate the extent of meander potential, a zone was identified that was 
three bankfull channel widths from the centerline of the river. Then, areas 
under geologic constraints were removed from that zone, creating a natural 
meander zone. Areas within the natural meander zone that were restrained 
by levees, bank revetment, structures (e.g., wastewater facilities, docks, 
pump stations), and roads were removed, creating an existing meander 
zone. The difference between the natural and existing meander zones 
represents the area of meander potential that has been lost because of 
engineered, permanent features, such as levees, bank revetment, structures, 
and roads. 



2012 Central Valley Flood Protection Plan 
Attachment 9B: Status and Trends of the Riparian and 
Riverine Ecosystems of the Systemwide Planning Area 

4-50 January 2012 
Public Draft 

Metric Summary 
Levees in the Sacramento and San Joaquin valleys are shown on Figure 4-
33. Bank revetment along the Sacramento River is shown on Figure 4-34. 
Levees and bank revetment are major limitations to channel migration and 
meandering. Meander potential on the Sacramento River is shown in the 
maps of Figures 4-35A and 4-35B. 

Note that although the metric as calculated gives a precise number, the 
metric is best used to identify overall trends. A number of assumptions and 
estimates were made to produce maps that illustrate the metric. For 
example, in many areas, the meander potential on the concave side (inside) 
of a meander bend is shown as a meander potential area. Most meander 
bends migrate outward, not inward. The area on the inside of a bend in 
most cases does not represent potential floodplain generation and therefore 
ecosystem benefit. If all bends were limited from moving by restraining 
their outside bank, but not the inside bank, essentially 100 percent of the 
migration would be limited; however, the current metric would show that 
50 percent of the area is available for meander potential. Similarly, where 
levees are located on the inside of a bend (e.g., south of Colusa), the metric 
would show limitations of meander potential where the meander would in 
most cases not migrate. Regardless, the meander potential metric provides 
a reasonable quantitative estimate of the relative degree of ecosystem 
limitation and potential for restoration in the areas measured on the middle 
Sacramento River. 

The meander potential as shown with the metric differs significantly 
upstream and downstream from Colusa (RM 145) because downstream 
from Colusa, the river is generally lined on both banks by levees. Upstream 
from Colusa, the relative potential migration ranges between about 50 
percent and 75 percent; downstream from Colusa, the potential ranges 
between about 10 percent and 25 percent. These maps could potentially be 
used to identify site-specific areas where revetment removal and levee 
setback could be considered to restore ecosystem function or where 
existing habitat potential exists in areas of high meander potential. 
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 Reservoirs 4.2.2

Methodology and Rationale 
Reservoirs are major stressors on riparian and riverine ecosystems. The 
many effects of reservoirs on the ecosystem interact in multiple ways. Each 
of the metrics used in Section 4.1 to characterize the status and trends of 
the riparian and riverine ecosystems is affected by reservoirs. The effects of 
reservoirs on hydrologic processes are described in Section 4.1, where the 
effects of Shasta Dam on downstream flows in the Sacramento River and 
the effects of Friant Dam on downstream flows in the San Joaquin River 
were discussed in detail. 
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Figure 4-33.  Levees in the Central Valley 
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Figure 4-34.  Bank Revetment in the Sacramento Valley 
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Sources: USACE, 2004; DWR, 2002 , 2010; Dr. Eric Larsen, 2011; MWH, 2011 ; AECOM, 2011 
Note: Sixty-six percent of natural river meander potential is available. 
Figure 4-35A. Meander Potential Along the Sacramento River (RM 170 to RM 243)  
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Sources: USACE, 2004; DWR, 2002 , 2010; Dr. Eric Larsen, 2011; MWH, 2011 ; AECOM, 2011 
Note: Fifty-three percent of natural river meander potential is available. 
Figure 4-35B.  Meander Potential Along the Sacramento River (RM 103 to RM 170)  
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The geomorphic effects of dams include the effects of hydrologic 
modifications, as well as interruption of sediment transport. Because the 
hydrology-related effects of dams on geomorphology are confounded with 
the effects of land-use changes and revetment on fluvial geomorphology, 
no analysis was done to assess the effect of reservoirs on geomorphology. 

A promising analysis method was presented by Singer (2007), who 
identified the IRI, which is the ratio of reservoir capacity to median annual 
flood runoff volume. Singer calculated the IRI for the major reservoirs in 
the Sacramento River watershed. An analysis for the San Joaquin River 
watershed reservoirs was beyond the scope of that preliminary report. 

Metric Summary 
The effects of dams on hydrology were discussed in detail in Section 4.1.1; 
therefore, no separate discussion of those effects is provided here. 

 Diversions 4.2.3

Description of Metrics 
Two related metrics, the number and distribution of known diversions, 
were selected to depict the current status of water diversions as a stressor. 
As described in Sections 3.5.3. and 3.5.5, water diversions are not a 
stressor in terms of the total volume of water diverted (in the Sacramento 
River system); however, they are likely significant stressors both on 
salmonid populations, because of juvenile fish entrainment at diversion 
points, and on cottonwood and willow recruitment, because of 
modifications to historical flow patterns that are required to facilitate water 
diversions. In the San Joaquin River, water diversions are a major stressor 
because water that would otherwise be carried downriver is diverted 
directly into canals for agricultural use. The reduced flows in the San 
Joaquin River negatively affect salmonids, riparian vegetation, and riparian 
wildlife. 

Methodology and Rationale 
The Passage Assessment Database (PAD) (CalFish, 2009b) was queried for 
screened and unscreened water diversions. The PAD is an ongoing, map-
based inventory of known and potential migration barriers to anadromous 
fish in California. The PAD is compiled and maintained through a 
cooperative interagency agreement that gathers available fish passage 
information from many different sources and stores this information in a 
central standardized database. The PAD was used for this report because it 
is the most current, readily available geo-spatial database of water 
diversions throughout the Sacramento and San Joaquin valleys. 
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Metric Summary 
Figure 4-36 displays the known distribution of screened and unscreened 
diversions in the Sacramento and San Joaquin valleys. The total amount of 
water diverted from the river system through these structures is unknown, 
although, as previously indicated, the volume of water diverted from the 
San Joaquin River is likely significant and results in significant ecological 
impacts. The volume of water diverted from the Sacramento River is not 
likely significant, but the correlated effects of fish entrainment and 
modified flows related to facilitating diversions during the summer months 
likely have significant adverse ecological effects. 

 Invasive Species 4.2.4

Description of Metrics 
Metrics selected to depict the status of invasive species as a stressor are the 
number of invasive plant species and the distribution of two important 
invasive plants: red sesbania and giant reed. The following discussion of 
invasive species focuses on terrestrial and aquatic plants documented in the 
Sacramento and San Joaquin valleys. Other invasive species, such as 
invasive aquatic animal species, are also potential stressors in the region; 
however, the effects of these species are more apparent in the San 
Francisco Bay-Delta (Cohen and Carlton, 1998) than in the Sacramento and 
San Joaquin valleys. 

Number of Invasive Species 
Methodology and Rationale   The California Invasive Plant Inventory was 
searched for invasive plant species found in riverine, riparian, and wetland 
habitat in the Sacramento and San Joaquin valleys (Cal-IPC, 2007). The 
inventory is maintained by the California Invasive Plant Council (Cal-IPC) 
to catalog and rank nonnative invasive plants in California. Threats 
described in the inventory include competition with and displacement of 
native species, hybridization with native species, other types of alteration 
of biological communities, and alterations of ecosystem processes (e.g., 
wildfire return intervals). The inventory categorizes plants as high, 
moderate, or limited, reflecting the potential for each species (based on its 
life history characteristics, growth form, reproductive output, current 
distribution, and other factors) to negatively affect native species and 
habitats in California. 
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Although the number of invasive species is a simple metric, it provides a 
baseline condition against which future enumerations of invasive species 
can be compared as a means of tracking the number of invasive species 
over time. The listing of invasive species also ranks each species by its 
potential to cause ecological and economic harm, providing an additional 
baseline condition against which future, similar tabulations of invasive 
species can be compared (e.g., to see if a species’ threat status is elevated 
over time or to track the relative proportion of high-threat species to low-
threat species over time). 
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Figure 4-36. Diversions in the Central Valley 
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Metric Summary   For each species, the inventory lists the regions where 
the species is found and the habitat of concern for that species. The 
numbers of species found in riparian, wetland, and aquatic habitats in the 
Great Central Valley floristic province (defined as the Central Valley floor 
and foothill regions where oak and pine woodlands become the dominant 
vegetation communities) are shown on Figure 4-37. A total of 61 invasive 
plant species is presumed extant in riparian, wetland, and open water 
habitat in the Sacramento and San Joaquin valleys. Riparian habitat is the 
most heavily invaded habitat; three-quarters of the invasive plant species 
are located in riparian habitat, and two-thirds of these species are rated high 
or moderate by Cal-IPC. 

 
Source: Cal-IPC, 2007 
Figure 4-37.  Invasive Plant Species in Riparian and Riverine Habitat 
in the Central Valley 
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Distribution of Invasive Species 
Methodology and Rationale   Although the California Invasive Plant 
Inventory documents which invasive plant species are found in a region, it 
does not identify the exact locations or extent of invasive plant populations. 
Information on the location and extent of these populations is compiled by 
DFG in the Biogeographic Information and Observation System (BIOS). 
BIOS is designed to enable the management, visualization, and analysis of 
biogeographic data collected by DFG and its partner organizations. BIOS is 
the best available source for data on the mapped extent of invasive plant 
species in the Sacramento and San Joaquin valleys. Other sources are 
available but are either more coarsely mapped or mapped over more limited 
areas. The BIOS data were used to map the extent of two species of 
concern in the Sacramento and San Joaquin valleys: giant reed and red 
sesbania. 

Giant reed is a tall perennial grass that typically forms dense stands in 
riparian areas and wetlands (Cal-IPC, 2011c). It threatens riparian 
ecosystems by outcompeting native species for water, reducing habitat 
quality and food supply for special-status species, interfering with levee 
maintenance and wildlife management, altering hydrological regimes and 
reducing groundwater availability, altering channel morphology by 
retaining sediments and restricting flows, and promoting bank erosion 
(Dudley, 2000). 

Red sesbania is a deciduous shrub or small tree that forms dense thickets in 
riparian areas. It displaces native plants used by wildlife, contributes to 
bank erosion, and reduces water flow and flood conveyance in rivers (Cal-
IPC, 2011b). 

Giant reed and red sesbania are emphasized because mapped locations for 
these species are found in BIOS and because these species are widespread, 
characteristic invasive species of riparian areas. They also have a high 
potential to cause negative ecological effects. Many other invasive plants 
occur and have important effects on the ecosystem, including salt cedar and 
water primrose (Ludwigia sp.).  

Metric Summary   The known extent of giant reed and red sesbania in the 
Sacramento and San Joaquin valleys is presented on Figures 4-38 and 4-39. 
Giant reed is widely distributed throughout the Sacramento and San 
Joaquin valleys (Figure 4-38), and red sesbania in found in several riparian 
systems in the Sacramento and San Joaquin valleys (Figure 4-39). 
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Giant reed was brought to North America quite early and was abundant by 
1820 in the Los Angeles River (Dudley, 2000). Horticultural propagation 
of the species is widely conducted, and invasive populations almost 
certainly resulted from escapes and displacement of plants from managed 
habitats (Dudley, 2000). 

Red sesbania is a relatively recent invader in the Sacramento and San 
Joaquin valleys. Although introduced to California as an ornamental before 
1930, it was not documented in riparian vegetation until 1987, and it was 
not acknowledged as a potential threat to riparian ecosystems until 2000 
(Hunter and Platenkamp, 2003). 
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Figure 4-38.  Giant Reed Distribution in the Central Valley 
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Figure 4-39.  Red Sesbania Distribution in the Central Valley 



2012 Central Valley Flood Protection Plan 
Attachment 9B: Status and Trends of the Riparian and 
Riverine Ecosystems of the Systemwide Planning Area 

4-68 January 2012 
 Public Draft 

 Fish Passage Barriers 4.2.5

Description of Metrics 
The metrics chosen to represent the status of fish passage barriers are the 
location and number of human-made barriers documented in the PAD 
(CalFish, 2009b). These data are further refined as described below to 
include all barriers in the SPFC that may not be reflected in the PAD. 

Methodology and Rationale 
The PAD was queried for human-made barriers, not including water 
diversions (see Section 4.2.3 for information on water diversions in the 
Sacramento and San Joaquin valleys). It was used for this report because it 
is the most up-to-date database of fish passage barriers in the Sacramento 
and San Joaquin valleys. 

This data set was further refined by identifying only those barriers in the 
PAD on anadromous streams in the SPA. A buffer of approximately 1,000 
feet was used to account for positional accuracy between data layers. PAD 
entries that were not relevant (e.g., nonstructural barriers and barriers that 
are in the database but that have been removed) were excluded. Finally, 
any SPFC components that were known barriers but that were not included 
in the PAD were added to the dataset. Further details on these methods can 
be found in the technical memorandum prepared by DWR on fish and flood 
management as part of the CVFPP (DWR, 2011b). 

Metric Summary 
The refined metric was assembled using GIS analysis, expert knowledge, 
and available written information, and identified 180 barriers in the SPA 
(107 dams, 59 road crossings, 11 gravel pits, 2 flood control channels, and 
1 flow measurement weir) (Figure 4-40). These include total and partial 
barriers, as well as barriers of unknown passage status. Approximately 26 
of these barriers are total barriers. If these 26 barriers were removed, 
approximately 940 miles of salmonid habitat would become at least 
partially available (some upstream partial barriers may exist). 
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Figure 4-40.  Fish Passage Barriers in the Central Valley 
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5.0 Recommendations and 
Conclusions 

This section identifies data gaps and areas where additional analysis would 
benefit the development of the 2017 CVFPP. The section also provides 
specific recommendations to fill the data gaps and conduct needed analysis. 
In addition, it addresses the development of conceptual models. 

5.1 Data Gaps and Analysis Needs 

This report assesses the status and trends of hydrologic and geomorphic 
variables, habitats, and stressors of riparian and riverine ecosystems in the 
SPA. It also describes the effects of the flood control system on riparian 
and riverine ecosystems because elements of the system are stressors on 
these ecosystems. However, our understanding of riparian and riverine 
status and trends, and of the effect of flood control systems on them, is 
limited by gaps in our knowledge of historical and current conditions and 
by the limited extent of analyses conducted to date. This section 
recommends additional data collection and analyses to increase the 
availability and analysis of data related to the hydrologic and geomorphic 
variables, habitats, and stressors assessed in this report and therefore 
increase our understanding of the riparian and riverine ecosystems in the 
SPA. 

 Hydrologic Processes 5.1.1
Recommendation 1: Analyze hydrologic data from gages in addition to 
the Friant and Bend Bridge gages. A more complete understanding of 
the hydrologic processes of the Sacramento and San Joaquin rivers 
and their tributaries should be developed to help guide riparian and 
riverine ecosystem conservation and restoration throughout the 
Sacramento and San Joaquin valleys. 

Gage data were analyzed for only two gages. Additional analyses of data 
for the other dozen or so gages with a long-term record in the SPA could be 
conducted. Information on other gages would aid interpretation of the 
effects of reservoir operation on tributaries, import of water from the Delta 
to the San Joaquin River through the Delta-Mendota Canal, and diversions 
along the Sacramento and San Joaquin rivers. A more complete 
understanding of the hydrologic processes along the Sacramento and San 
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Joaquin rivers and their tributaries should be developed to help guide 
riparian and riverine conservation efforts. A more thorough understanding 
of hydrology would assist with identifying those areas where restoration 
would likely be most successful. Additional tools for assessing 
relationships between flow and ecological properties could be assessed, for 
example the Sacramento River Ecological Flows Tool (SacEFT) (ESSA 
Technologies, 2005). 

Recommendation 2: Analyze the effect of groundwater decline on 
riparian plant species, especially as it relates to channel incision. The 
effect of groundwater tables on riparian habitat restoration potential 
should be assessed. 

This report analyzes surface water hydrology. However, groundwater 
hydrology may also be important for riparian systems in the Sacramento 
and San Joaquin valleys. Especially in reaches where rivers have incised, 
the groundwater table may have dropped substantially compared to 
historical conditions. Groundwater overdraft may also cause a decline in 
groundwater that affects riparian plant species. In areas where groundwater 
has declined, riparian habitat restoration may face more challenges than in 
areas with shallower water tables. 

 Channel and Floodplain Dynamics 5.1.2
Recommendation 3: Analyze the geomorphology of the Sacramento 
and San Joaquin valleys, and analyze the channel and floodplain 
dynamics of reaches in addition to the middle Sacramento River. A 
better understanding of geomorphology could identify fluvial processes 
that can be restored and thereby guide riparian habitat restoration. 

The geomorphology of the middle Sacramento River is fairly well 
understood, and channel and floodplain dynamics of this reach have been 
analyzed in detail. The geomorphology of other parts of the Sacramento 
and San Joaquin valleys is less understood. A better understanding of 
geomorphic processes operating throughout the Sacramento and San 
Joaquin valleys would help to guide riparian habitat restoration. Restoring 
fluvial processes is fundamental to restoring habitats. 

Total river length, floodplain reworked, and floodplain age are metrics that 
represent the status and trends of channel and floodplain dynamics. These 
metrics are presented in Section 4.1.2 of this report for the middle reach of 
the Sacramento River (RM 143 to RM 244). These metrics were not 
calculated for other reaches of the Sacramento River, tributaries to the 
Sacramento River, or the San Joaquin River and tributaries. They could be 
calculated for other rivers in the Sacramento and San Joaquin valleys and 
foothills as part of the 2017 CVFPP. 
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 Riverine and Riparian Habitats 5.1.3

Shaded Riverine Aquatic Cover 
Recommendation 4: Develop consistent SRA cover data for the 
Sacramento and San Joaquin rivers and their major tributaries. 

SRA cover data were available for analysis for three reaches of the 
Sacramento River; however, no data were available for the San Joaquin 
River, or for the tributaries of these rivers. Sacramento River SRA cover 
data from different reaches were collected at two different points in time 
(2002 and 2007), which made them not entirely comparable, because bank 
revetment was likely added in that 5-year period. 

SRA cover is an important habitat component for native fish, bird, and 
mammal species. However, at this time a consistent baseline for this habitat 
is not available for the SPA. A consistent GIS database of SRA cover 
would help in identifying riparian habitat restoration and conservation 
opportunities and would provide a baseline against which the effects of 
future bank protection projects could be measured. Although estimates are 
currently available about the historical loss of SRA cover (e.g., USFWS, 
1992) these estimates are not based on sufficient baseline data. 

Species Distribution and Abundance 
Recommendation 5: Conduct systematic surveys for specific rare 
wildlife species that are good indicators for specific habitat conditions. 

The CNDDB is the only comprehensive data source on occurrence for all 
special-status species in the SPA. Other sources are available, but they do 
not provide coverage for all groups of species. Unfortunately, the CNDDB 
is not an exhaustive and complete inventory of all rare species and natural 
communities statewide (DFG, 2011a). It contains records of where species 
have been observed in a specific location, usually in conjunction with a 
focused survey effort; it does not contain records where species have been 
surveyed for but not found. It is biased toward areas where survey efforts 
are greater and toward species that receive more survey effort. In addition, 
data are reported to the CNDDB with varied precision. Some occurrences 
are well documented with explicit locations (e.g., Global Positioning 
System coordinates), whereas others are reported with more general 
location information (e.g., the boundary of a park where an occurrence is 
documented). Although the number of individuals and general notes about 
the condition of the habitat at the occurrence location are usually recorded, 
the data cannot be used to draw conclusions about the health or viability of 
the population. These data are not always reliably reported, nor are they 
systematically collected at the same location over time. It is therefore 
difficult to evaluate any population trends from CNDDB records. Finally, 



2012 Central Valley Flood Protection Plan 
Attachment 9B: Status and Trends of the Riparian and 
Riverine Ecosystems of the Systemwide Planning Area 

5-4 January 2012 
 Public Draft 

the vast majority of CNDDB records are not independently verified, either 
by additional field visits or by photographs, and observer error is a concern. 
No readily available data source is available to describe the abundance of 
representative species in the Central Valley. A better understanding of the 
distribution of rare species would assist with identifying those areas where 
habitat restoration would aid in the recovery of these species. Additional 
surveys should focus on species that are indicators for habitat quality (e.g., 
western yellow-billed cuckoo, yellow-breasted chat). 

Recommendation 6: Assess status of selected common species that use 
relevant habitats. 

DFG’s Wildlife Habitat Relationships database could be used to identify 
common wildlife species that use riparian habitat, riverine habitat and 
potentially other habitats of interest. The status (e.g., abundance or density) 
of these species could be monitored over time. Because of their greater 
abundance, common species may show responses to habitat area and 
quality changes over time more clearly than rare special-status species. 

Recommendation 7: Collect population counts of Central Valley 
salmonids throughout the SPA. 

The best data for Central Valley salmonid abundance is available from 
GrandTab and CalFish. Each of these sources compiles data from various 
sources that use several different estimation methods. The reliability of 
each of these data sources varies, and comparison across years may be 
problematic, especially for late fall-run Chinook salmon. Additionally, 
accurate estimates of late fall-run Chinook salmon and Central Valley 
steelhead are unavailable for the entire Central Valley. Their current status 
throughout the SPA is therefore unknown. 

 Levees and Bank Revetment 5.1.4
Recommendation 8: Periodically update GIS databases of bank 
revetment for the Sacramento and San Joaquin rivers and major 
tributaries to help identify restoration opportunities. 

Bank revetment (e.g., riprap) often strongly interferes with channel 
dynamics and other geomorphic processes. GIS databases for bank 
revetment along the Sacramento and San Joaquin rivers are available. 
Similar GIS databases should be developed for the major tributaries and 
these databases should be periodically updated to document changes in 
revetment conditions and to update restoration opportunities. 
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 Reservoirs 5.1.5
Recommendation 9: Calculate the IRI for reservoirs in the San 
Joaquin River watershed, and analyze the combined operations of 
reservoirs to develop a better understanding of the effects of reservoir 
operations on the riverine and riparian ecosystems. 

The IRI is a useful index of the effect of dams on downstream hydrology.  
It is the ratio of reservoir capacity to median annual flood runoff volume 
(Singer, 2007). This index was calculated by Singer (2007) for major 
reservoirs in the Sacramento River watershed. Calculation of the IRI for 
reservoirs in the San Joaquin River watershed may  provide a better 
understanding of the effects of reservoirs on the hydrology of the watershed 
and help improve operations to benefit ecosystem restoration. 

 Diversions 5.1.6
Recommendation 10: Inventory the permitted flow capacity of each 
water diversion in the SPA. 

Although the current number and distribution of water diversions in the 
SPA is available through the PAD, the total amount of water diverted from 
the river system through these structures is unknown. Knowledge of the 
capacity and diverted amount of water would be useful in identifying the 
potential effects of diversions on the riverine ecosystem and native fishes. 

 Invasive Species 5.1.7
Recommendation 11: Map the extent of invasive species with 
significant ecological effects on the riverine and riparian habitat in the 
SPA. This effort may be included in the fine-scale vegetation mapping 
(see Recommendation 4). 

The California Invasive Plant Inventory provides limited information on 
the status of invasive species in riparian and riverine habitat in the Central 
Valley. Because the data are presented at a coarse scale (i.e., floristic 
province), they cannot be used to determine whether and where a species 
has been documented in the SPA or the extent of the invasion. The Cal-IPC 
rating represents cumulative impacts statewide, but the impact of each 
species varies regionally. BIOS and data collected by other entities, such as 
The Nature Conservancy, California Department of Parks and Recreation 
and USDA, contain detailed information on some invasive plant species in 
the state but is not a comprehensive inventory of the location and extent of 
invasive species in the SPA. Invasive species to be mapped should be 
selected based on their habitat (e.g., riparian or floodplain), and their 
impact (e.g., species rated by the California Invasive Plant Council  
(CalIPC, 2007) as having a “High” and “Moderate” impact). 
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 Fish Passage Barriers 5.1.8
Recommendation 12: Complete the prioritization of fish passage 
barriers in the fish and flood management technical memorandum 
consistent with the Fish Passage Forum. 

A fish passage technical memorandum prepared by DWR (2011) identifies 
the known and potential barriers in the SPA that are within the control of 
DWR. The barriers were prioritized for removal or modification based on 
an initial analysis that includes the following criteria: (1) barriers in the 
SPFC, and (2) prioritization of recovery actions in the NMFS (2009) 
“Fisheries Public Draft Recovery Plan for ESUs of the Sacramento River 
Winter-Run Chinook, Spring-Run Chinook and DPS of Central Valley 
Steelhead.” This initial analysis will be refined based on statewide 
prioritization conducted by the Fish Passage Forum1 so that the barriers in 
the SPFC are addressed in a manner that is consistent throughout the state. 

Recommendation 13: For those fish passage barriers with an unknown 
status, complete a field assessment to determine status and finalize the 
ranking. 

In some instances, the barrier status is unknown. The DWR (2011) fish and 
flood management technical memorandum identifies and ranks these 
barriers for assessment. Assessments of these barriers should be completed 
to ensure proper ranking in the prioritization for removal or modification. 

5.2 Development of Conceptual Models 

Recommendation 14: Develop conceptual models of the relationships 
between flood management and riparian and riverine ecosystem 
attributes in the SPA. 

Our understanding and management of riparian and riverine ecosystems of 
the SPA is limited not only by gaps in the availability and analysis of 
relevant data, but also by the extent to which available data and analyses 
have been synthesized and communicated. Riparian and riverine 
ecosystems are complex, and the processes that sustain them are influenced 
by many variables. Thus, identifying and communicating what is known 
about these relationships – and their relative importance – is challenging. 

                                                           
 
1  The Fish Passage Forum is an association of public, private, and governmental 

organizations that promote collaboration among private landowners, community groups, 
and public agencies on fish passage restoration programs and activities that contribute to 
the protection and recovery of listed anadromous salmonid species throughout California. 
DWR is a member of the forum. 
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Furthermore, to increase the conservation benefits of flood management, it 
is necessary to synthesize and communicate our understanding of 
relationships between components of the flood management system and 
riverine and riparian ecosystems. 

Conceptual models provide a framework for organizing information that 
can be useful in synthesizing and communicating the current understanding 
of ecosystems. These models, which can consist of diagrams, text, and 
tables, provide a formal description of relationships among factors 
affecting ecosystem processes, habitats, and species; they also serve to 
define the components of the ecosystem that are of interest. 

An essential part of a conceptual model is usually one or more diagrams 
that depict the (assumed or postulated) relationships among variables. The 
diagram usually identifies different types of variables that are linked by 
relationships with different attributes. The model diagram is an important 
communication tool for depicting our understanding of the modeled 
system. 

Figure 5-1, for example, shows a diagram for a conceptual model of the 
major ecological attributes, stressors, and broader drivers related to a self-
sustaining population of Swainson’s hawks in the Central Valley (DFG, 
2011b). This diagram follows conventions by Ogden et al. (2005). It 
presents external driving forces that have large-scale influences on the 
natural system as rectangles; it also presents internal stressors (ovals) and 
important ecological attributes (hexagons). The relationships can be either 
positive (green) or negative (red) and be either major (solid arrow) or 
minor (dotted arrow). Other attributes that could be assigned to 
relationships are the level of understanding of the relationship (high, 
medium, or low) and the level of predictability (high, medium, or low) 
(Fremier et al., 2008). 

To be most useful, conceptual models for the effect of flood management 
on ecosystems should be developed specifically for that purpose. 
Conceptual models developed for a different purpose will have only limited 
or no usefulness. For example, Fremier et al. (2008) developed a 
conceptual model for the riparian vegetation in the Delta. The model is not 
specifically focused on the relationships between flood management 
actions and the riparian ecosystem and is therefore not suitable for the 
CVFPP, although some relationships in the model may be useful 
components of a conceptual ecosystem model for the CVFPP. 

The usefulness of a conceptual model for the CVFPP depends on how 
specific it is to the problem at hand (i.e., the relationship between flood 
management and ecosystem functioning) and whether it includes and 
adequately characterizes the most essential relationships. For example, a 
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conceptual model of the effect of flood management on riverine and 
riparian species may include the following relationships (among many 
others): 

• Reservoir operations–bankfull flow frequency 

• Bankfull flow frequency–channel migration rate 

• Bank revetment–channel migration rate 

• Channel migration rate–floodplain age 

• Floodplain age–successional stage of riparian vegetation 

 
Source: DFG, 2011b  
Figure 5-1.  Conceptual Model Diagram Example for Central Valley 
Swainson’s Hawk Conservation 

For several reasons, conceptual models help to guide management actions 
related to improving ecosystem conditions. First, conceptual models are 
particularly effective for developing a shared understanding of an 
ecosystem, and as a communication tool among scientists, decision makers, 
and system managers. Second, the organization of information in a 
conceptual model may assist with identifying areas where our 
understanding and knowledge needs to be improved to better understand 
the interactions between management and ecosystems. Third, in addition to 
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summarizing the current (conceptual) understanding of the system, a 
conceptual model can be a tool for integrating new knowledge into our 
understanding of the system as a whole, which may force the modification 
of relationships in the model. Development of conceptual models is 
therefore recommended for the 2017 CVFPP. 

5.3 Conclusions 

The riparian and riverine ecosystems of the SPA have been greatly 
modified since 1850 by flood management activities and other human 
activities, such as agricultural, industrial, and urban development. An 
analysis of the status and trends of hydrologic and geomorphic processes, 
habitats, and key wildlife and fish species shows that the modification of 
these physical processes has reduced their ability to support important 
ecosystem functions. 

Analysis of hydrologic data at one gage downstream from Shasta Dam and 
one gage downstream from Friant Dam shows that the presence of the 
dams has substantially changed the annual median flows, floodplain 
inundation flows, bankfull flows, and summer low flows. 

In the Sacramento River, monthly median flows in winter and spring have 
been reduced, summer and fall flows have been increased, and the 
variability in median spring flows has been greatly reduced. The frequency 
of small floods (i.e., flow events with 2- to 10-year return interval, or 
approximately floodplain inundation flows) and the duration of small 
floods have increased. The frequency of small pulse flows (i.e., flow events 
with a 1.5- to 2-year return interval, which approximate bankfull flows) has 
been greatly reduced, and the duration of these flows has been increased. 
Geomorphic processes have been affected by these changes, especially by 
reduction in the frequency of bankfull flows, which are responsible for 
most of the channel migration work performed by the river. 

Shasta Dam also has interrupted and strongly affected sediment transport. 
The geomorphic processes along the Sacramento River between Red Bluff 
and Colusa, a reach where the river still actively meanders, have been 
affected by these changes in hydrology and sediment transport, and they 
have been affected by land-use changes (loss of riparian forest), increased 
bank revetment, and construction of levees. The result has been a reduction 
in total river length, reduction in area of floodplain reworked by the river, 
and reduction in the variability of floodplain age. 

These changes in the physical processes of the Sacramento River have 
resulted in a loss of riparian forest, scrub, and wetland area; habitat and 
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species diversity; and the ability to support wildlife species. The processes 
that maintain the diversity of habitats and species supported by them have 
been greatly affected. In addition, the spread of invasive plant species has 
deteriorated riparian habitat quality. 

Riverine habitats for salmonids and other native fishes have also been 
greatly affected by the change in physical processes and the response of the 
riparian plant species. Two important habitat components – area of SRA 
cover and the quantity of LWM – have been reduced. In addition, dams, 
diversions, and other obstacles have strongly affected salmonid migration. 
Many miles of spawning habitat are no longer accessible to Chinook 
salmon and steelhead, and diversions and the water management needed to 
maintain them have greatly affected fish habitat. Salmonids and other 
native fish species have been greatly affected by the isolation of floodplains 
from channels, because floodplains provide important rearing habitat that is 
no longer accessible when floodplains and habitats are disconnected. 
Bypasses in the Sacramento Valley still partially perform a floodplain 
function for native species. 

In the San Joaquin River, Friant Dam has had an even greater effect on 
physical fluvial processes. Median annual flows have been greatly reduced 
year-round because flows are diverted at the dam into two major irrigation 
canals. The frequency of floodplain inundation flows and bankfull flows 
has been greatly reduced. The average duration of floodplain inundation 
floods has been reduced, but the duration of bankfull floods has been 
increased. Large reaches of the San Joaquin River below Friant Dam have 
been dry during part of the year or for several years in a row. Increased 
flows have been released to the San Joaquin River since 2009 because of 
Reclamation’s San Joaquin River Restoration Program.  

The geomorphology of the San Joaquin River has been much less studied 
than that of the Sacramento River. However, it still apparent that 
hydrologic changes and land-use changes have greatly reduced riparian 
habitat area, habitat and species diversity, and the ability to support wildlife 
species along the San Joaquin River. Levees have disconnected floodplains 
from river channels in the San Joaquin River and its tributaries. Dams and 
other obstacles have greatly reduced salmonid migration and access to 
historical spawning grounds. Diversions have also deteriorated the habitat 
of native fish species. In-channel mining pits have created habitat for 
nonnative predatory fish, increased water temperatures, and opportunities 
for invasive plant species, such as red sesbania and giant reed, in the San 
Joaquin River and its tributaries, which have further deteriorated the quality 
of riverine and riparian habitat. 
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Our knowledge of the relationships between physical processes and 
habitats and between habitats and species is limited by data gaps and lack 
of conceptual models that organize our understanding of the crucial 
relationships between management actions and ecosystem responses. The 
recommendations described above address the data gaps and the lack of a 
conceptual model. 
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7.0 Abbreviations and Acronyms 
BIOS ......................... Biogeographic Information and Observation System 

Board ........................ Central Valley Flood Protection Board 

BOD .......................... biological oxygen demand 

Cal-IPC ..................... California Invasive Plant Council 

cfs ............................. cubic feet per second 

CNDDB ..................... California Natural Diversity Database 

CVFPP ...................... Central Valley Flood Protection Plan 

CVFSCS.................... Central Valley Flood System Conservation Strategy 

Delta  ......................... Sacramento-San Joaquin Delta 

DFG .......................... California Department of Fish and Game 

DO............................. dissolved oxygen 

DWR ......................... California Department of Water Resources 

GIS  ........................... geographic information system 

IHA ............................ Indicators of Hydrologic Alteration 

IRI ............................. impoundment runoff index 

LWM .......................... large woody material 

MMU ......................... minimum mapping unit 

NMFS ........................ National Marine Fisheries Service 

NVCS ........................ National Vegetation Classification System 

PAD ........................... Passage Assessment Database 

Reclamation .............. U.S. Department of Interior, Bureau of Reclamation 

RM ............................ river mile 

SPA ........................... Systemwide Planning Area 

SPFC ........................ State Plan of Flood Control 

SRA ........................... shaded riverine aquatic 

USFWS ..................... U.S. Fish and Wildlife Service 

VELB ......................... valley elderberry longhorn beetle 
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1.0 Introduction 
The Central Valley Flood Protection Act of 2008 requires DWR to develop 
a Central Valley Flood Protection Plan (CVFPP) that, among other 
objectives, improves habitat quantity, diversity, and connectivity and 
contributes to the recovery and stability of native species populations. This 
includes riverine aquatic habitats and anadromous fish species. One of the 
challenges to long-term viability of these fish is the obstacles that hinder or 
block their passage between the ocean and spawning streams in the Central 
Valley watershed. 

This report identifies fish passage obstacles and recommends actions for 
modifying the Central Valley flood management system that could 
contribute to the recovery of native anadromous1 fish in the Central Valley. 

Within the geographical context of the CVFPP Systemwide Planning Area, 
this report discusses: 

• The importance of ecological flows and floodplain flooding for fish 

• The anadromous species present 

• Anadromous fish population status and the reduction from their historic 
ranges 

• Reasons for their decline, with a particular focus on physical passage 
barriers and stranding related to flood management 

• The implications of passage barriers under climate change effects 

• An identification and ranking of passage barriers and stranding areas 

• A description of tested approaches for improving passage around major 
dams 

Fish passage barriers can include, but are not limited to, dams, weirs, grade 
control structures, pumping stations, flood control gates, levees that cross 
or block stream channels, road crossings, and features of the flood control 
channels and bypasses that strand fish. Fish passage actions include 
                                                           
1 Anadromous fish hatch from eggs laid in freshwater streams, migrate as juveniles to 

saltwater, and after living and growing in ocean waters return as adults to spawn in 
freshwater to complete their life cycle. 
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identifying barriers, evaluating and assessing the magnitude that each 
barrier impedes migration, and fixing barriers to allow unimpeded 
migration. These actions will assist in increasing and improving habitat 
connectivity and promoting the recovery of anadromous fish populations in 
the Sacramento-San Joaquin River Flood Management System. 

The geographic scope of this report is the Systemwide Planning Area 
(Figure 1-1).  This area includes lands that receive protection from the 
current facilities and operation of the Sacramento-San Joaquin River Flood 
Management System.2  This area includes facilities that provide significant 
systemwide benefits (such as reservoirs on major tributaries) or that protect 
urban areas within the Sacramento and San Joaquin valleys. State Plan of 
Flood Control (SPFC) structures and components are contained within the 
Systemwide Planning Area. The structures and components, constructed 
over the last 150 years include dams, reservoirs, levees, channels, weirs, 
bypasses, and other flood control structures that provide varying levels of 
flood protection within the Central Valley. 

                                                           
2 The Sacramento-San Joaquin River Flood Management System includes facilities of the 

SPFC and other flood management facilities that provide significant systemwide benefits 
for managing flood risks, or that protect urban areas, within the Sacramento-San Joaquin 
Valley (California Water Code, Section 9611). 



 1.0 Introduction 

January 2012 1-3 
Public Draft 

 
Figure 1-1.  The Systemwide Planning Area and State Plan of Flood Control 
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2.0 The Importance of Ecological 
Flows and Floodplain Flooding 

Floods that periodically inundate the floodplains adjacent to rivers provide 
widespread ecosystem benefits. They can dramatically alter riverine 
landscapes, and benefit fish communities, food webs, and biological 
productivity (Junk et al., 1989; Feyrer et al., 2006b). 

2.1 Floodplains 

Floodplains are important components of aquatic ecosystems. They can 
provide widespread benefits at multiple trophic levels, ranging from 
individual organisms to ecosystems (Junk et al., 1989; Sommer et al., 
2008).  Floodplain habitat is particularly important to fish populations, 
where access to floodplain habitat produces increases in fish production, 
abundance, species diversity, and growth (Feyrer et al., 2004, Jeffres et al., 
2008).  For example, the fish communities of Yolo and Sutter bypasses 
appear to be structured primarily by the underlying physical habitat 
characteristics of each floodplain and secondarily by flood flows (Feyrer et 
al., 2006b).  Results from several studies suggest that salmonids benefit 
from floodplains (Feyrer et al., 2007) because juveniles that use floodplain 
habitats in the Yolo Bypass (Sommer et al., 2001) and the Cosumnes River 
(Jeffres et al., 2008) consume more prey and grow faster than those in 
mainstem habitats.  Sommer et al. 2001 found that survival rates of juvenile 
salmon may have been better in the Yolo Bypass in 1998 when flows were 
of a higher duration and magnitude than in 1999.  The possible 
improvement in wet-year survival of salmon may have been due to 
increased access to floodplain rearing habitat, reduced water temperature, 
reduced predation losses, and other factors (Sommer et al., 2001). 
Floodplains also benefit other native fishes and support lower trophic 
levels, including drift invertebrates, phytoplankton, and zooplankton. 

Fish yield and production seem to be a function of accessible floodplain 
habitat (Junk et al., 1989).  Feyrer et al. (2007) documented enhanced 
growth and production of age-0 Sacramento splittail (Pogonichthys 
macrolepidotus), a native floodplain-dependent minnow, in floodplain 
habitat.  Feyrer et al. (2007) found evidence that food web pathways 
supporting age-0 splittail in riverine and floodplain habitats were affected 
by flows connecting the two habitats. This suggests that flow and 
connectivity have an important effect on trophic relationships in river-
floodplain systems. 
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Connection between a river and its floodplain enhances production of 
lower trophic levels, such as in the floodplain of the Sacramento River, 
where drift insects (primarily chironomids) were one to two orders of 
magnitude more abundant than in the adjacent river channel during 1998 
and 1999 flood events (Sommer et al., 2001).  The increased productivity is 
likely to be a significant benefit to secondary consumers, including salmon 
(Sommer et al., 2004). 

River-floodplain connectivity also provides increased amounts of foraging 
and spawning habitat for fish.  Studies have shown that inundation of the 
Yolo Bypass creates one of the major rearing habitats for downstream 
migrating juvenile Chinook salmon (Oncorhynchus tshawytscha), which 
take advantage of rearing areas created by seasonally inundated vegetation 
and an enriched food web in the floodplain (Sommer et al., 2001, 2004, 
2005, 2008).  Significantly larger wild Chinook salmon are captured at the 
downstream end of the Yolo Bypass than at the upstream end, and juvenile 
salmon in the Yolo Bypass floodplain grow substantially faster than the 
adjacent Sacramento River, illustrating the importance of this habitat 
(Sommer et al., 2001, 2005). 

National Oceanic and Atmospheric Administration (NOAA) Fisheries 
recognized the importance of floodplain habitat in the Biological and 
Conference Opinion for the Central Valley Project (CVP) and State Water 
Project (SWP) (NOAA Fisheries, 2009b). Action I.6.1 requires the U.S. 
Bureau of Reclamation (Reclamation) and California Department of Water 
Resources (DWR) to “restore floodplain rearing habitat for juvenile winter-
run and spring-run Chinook salmon, and Central Valley steelhead 
(Oncorhynchus mykiss), in the lower Sacramento River Basin. This 
objective may be achieved at the Yolo Bypass, and/or through actions in 
other suitable areas of the lower Sacramento River.” 

The Yolo Bypass is also an adult anadromous fish migration corridor when 
inundated. Structures within the Yolo Bypass have been a documented 
source of migratory delay to, and loss of, adult salmon, steelhead and green 
sturgeon (Harrell 2003 et al., NOAA Fisheries 2009b).  Better and more 
regular upstream passage is needed to make it a migration corridor without 
barriers that hinder the movement of fish. 

Another phenomenon important for migrating adult Chinook salmon is 
hydrologic banding.3  In the Yolo Bypass, salmon pass through the 
floodplain on their journey to spawn in the upstream channels of Putah 
Creek, and the Sacramento River and its tributaries (Harrell and Sommer, 
2003).  Sommer et al. (2008) found that photographs of hydrologic banding 

                                                           
3 Hydrologic bands are plumes of water from different sources that do not mix. 
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in the Yolo Bypass provide clues as to the likely routes that salmon take as 
they rely on chemical cues to migrate upstream. 

Floodplain habitat in California has frequently been lost through the 
channelization of rivers, including construction of levees and channel 
straightening, deepening, and lining (Mount, 1995). Impacts of hydraulic 
mining, especially in the Yuba and Feather rivers, caused changes in 
sediment deposition within channels and floodplains, loss of channel 
capacity, and aggradation of river courses (Mount, 1995). A variety of 
activities, including water storage, conveyance, flood management, and 
navigation enhancements, have contributed to river modification and 
impaired natural floodplain inundation. Recent modeling studies have 
indicated that these factors can also affect habitats integral to the floodplain 
as well as their fisheries (Feyrer, 2006b). 

2.2 Flows 

Two primary factors that affect the operations of large reservoirs are 
regulatory and environmental requirements.   

 Regulatory Requirements 2.2.1
Regulatory restrictions include flood management, water, and energy 
supply obligations; requirements of the Central Valley Project 
Improvement Act, the 1995 Water Quality Control Plan for the San 
Francisco Bay/Sacramento-San Joaquin Delta Estuary, the Federal 
Endangered Species Act, California Fish and Game Code Section 59374, 
and terms and conditions of water right permits.  In order to meet 
regulatory objectives, reservoir operations must be based on consideration 
of many factors, including current and anticipated hydrological conditions; 
water supply forecasts; demand for water and electricity; the location, 
movement, and condition of fish; water temperature; coldwater pool 
availability; and water quality conditions in the Sacramento-San Joaquin 
River Delta (Delta) (Surface Water Resources Inc., 2004). 

 Environmental Requirements 2.2.2
Flows released for environmental (ecological) considerations (Peak and 
Ecological Flow Technical Advisory Committee, 2010) are typically 
divided into three types: 

                                                           
4 California Fish and Game Code 5937 requires that the owner of any dam shall allow 

sufficient water at all times to pass through a fishway, or in the absence of a fishway, 
allow sufficient water to pass over, around or through the dam, to keep in good condition 
any fish that may be planted or exist below the dam. 
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1. Low-flow thresholds (“subsistence flows”) that prevent direct mortality 
of aquatic species.  Subsistence flows are often used as short-term 
emergency bypass flows needed to keep populations of aquatic species 
alive and avoid fish kills or other serious acute impacts due to poor 
water quality. 

2. “Base flows” that provide minimal or optimal habitat for target aquatic 
species, including flows that occur outside of freshets and storm events.  
The biological objectives of base flows include providing adequate 
protection of habitat for aquatic species, and upstream/downstream and 
mainstream/tributary connectivity (such as fish passage flows). Base 
flows include minimum bypass flows, which are defined by the State 
Water Resources Control Board as the minimum instantaneous flow 
rate of water that is important for managing the protection of steelhead 
and salmon life history needs, such as: (1) maintaining natural 
abundance and availability of spawning habitat; (2) minimizing 
unnatural adult exposure, stress, vulnerability, and delay during adult 
spawning migration; and (3) sustaining high quality and abundant 
juvenile salmonid winter rearing habitat (State Water Resources 
Control Board, Division of Water Rights, 2010).  

3. Elevated “channel and habitat maintenance flows” are needed to 
maintain and create instream and riparian/floodplain habitat.  These 
flows have a significant effect on the habitat of listed anadromous fish 
within the Systemwide Planning Area.  Elevated releases (i.e., flood 
releases) are essential to the maintenance of habitat both within the 
floodplain and in the stream channel. The timing, duration, and 
frequency of elevated flows influence the effectiveness of habitat 
maintenance. These flows serve many purposes, including: 

a. Moving cobbles and gravels that remove fine sediments (silt, sand, 
fine gravel),  thereby improving fish spawning and rearing habitat 
and macroinvertebrate rearing habitat; 

b. Scouring and filling the stream channel to prevent the encroachment 
of riparian vegetation, allowing the stream to retain its bed form 
rather than losing conveyance capacity and stream habitat space; 

c. Retaining bed configuration that supports the formation and 
maintenance of riffles, pools and other channel habitats, and 
creating and maintaining off-channel habitat; 

d. Creating conditions for the replenishment of streamside vegetation 
such as cottonwoods (Populus spp.) to maintain long-term riparian 
functions; and, 
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e. Maintaining recruitment, movement, and functionality of large 
woody debris in the stream. 

4. Elevated “biological triggering flows” that stimulate and facilitate 
important life stage behavior such as migration or spawning in target 
species.  

Large pulse flows act as biological triggers for anadromous fish. Fish 
and other aquatic organisms tie important activities such as migration or 
spawning to changes in environmental conditions such as water 
temperature, turbidity, daily sunlight, or flow rate.  Some known 
scenarios where variability in streamflow or elevated flows cause 
aquatic organisms to initiate important phases of their life cycle include: 

• Increases in flows to initiate upstream or downstream migration 
of fish (Jager, et al., 2003); 

• Elevated flows to initiate spawning activity; 

• Elevated flow periods to allow for the use of off channel, 
floodplain, or side channel habitat on large and small rivers; and, 

• Changes in flow that initiate different life stage activities in 
aquatic insects. 

The environmental flows discussed above are all important for maintaining 
ecological processes in riverine corridors, and illustrate the 
interconnectedness of flow vs. life stages (spawning, rearing, and 
migration). 

 Example of Project to Restore Flows - San Joaquin 2.2.3
River 

The operation of Friant Dam is an important example of the necessity of 
providing adequate stream flows to the reaches downstream from a large 
dam. The San Joaquin River Restoration Program (SJRRP) is a direct result 
of a settlement reached in September 2006 on an 18-year lawsuit (NRDC, 
et al., vs. Kirk Rodgers, et al, 2006). The SJRRP is designed to implement 
this settlement and to restore flows and naturally reproducing and self-
sustaining populations of salmon to the San Joaquin River between the 
Friant Dam and the Merced River. 

Proposition 84 (the Safe Drinking Water, Water Quality and Supply, Flood 
Control, River and Coastal Protection Bond Act of 2006) provided $100 
million to implement this court settlement. The funds are designated for 
channel and structural improvements and related research pursuant to the 

https://ssl.water.ca.gov/owa/,DanaInfo=mrsbmapp20302.ad.water.ca.gov+redir.aspx?C=c3d8e058147f42de9ef6ee14c5021e8d&URL=http%3a%2f%2fbondaccountability.resources.ca.gov%2fp84.aspx
https://ssl.water.ca.gov/owa/,DanaInfo=mrsbmapp20302.ad.water.ca.gov+redir.aspx?C=c3d8e058147f42de9ef6ee14c5021e8d&URL=http%3a%2f%2fbondaccountability.resources.ca.gov%2fp84.aspx
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court settlement. In collaboration with Reclamation, DWR’s South Central 
Region Office has lead responsibility for the Department’s involvement in 
the San Joaquin River Restoration Program. 

The settlement establishes two goals: 

• Restoration – To restore and maintain fish populations in "good 
condition" in the mainstem of the San Joaquin River below Friant Dam 
to the confluence of the Merced River, including naturally reproducing 
and self-sustaining populations of salmon and other fish. 

• Water Management – To reduce or avoid adverse water supply 
impacts to all of the Friant Division long-term contractors that may 
result from the Interim Flows and Restoration Flows provided for in the 
settlement. 

The settlement also identifies Interim Flows, which were released and are 
to continue until full Restoration Flows begin. The intent of the Interim 
Flows is to collect relevant data on flows, temperatures, fish needs, seepage 
losses, and water recirculation, recapture, and reuse (San Joaquin River 
Restoration Program, 2009). 

The ecological functionality intended for the actions to reoperate Friant 
Dam was provided through a review of expert testimony submitted to the 
U.S. Eastern District Court of California during litigation. Based on the 
expert testimony, the overall ecological intent of the flow schedules 
provided in Exhibit B of the settlement can be summarized as follows: 

• Provide for salmon life history needs (spring-run Chinook, fall-run 
Chinook), including: 

- Adult migration 

- Adult holding (spring-run Chinook only) 

- Spawning and incubation 

- Juvenile rearing 

- Juvenile outmigration 

• Support other native fish and warm-water game fish5 

                                                           
5 While ecological flows for native fish are supported by fisheries groups, the proliferation of 

warm-water game fish has been an ongoing concern. Warm-water fish include predators 
of juvenile Chinook salmon that could potentially cluster near flood control structures and 
gravel pits. (Comments received from A. Leon Cardona, 2011). 
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These flow schedules for the protection of native fishes are an example of 
“base flows” as described above. 

In addition, the flow schedules intend to provide channel and habitat 
maintenance flows that (1) maintain geomorphic processes (especially 
gravel mobility) and (2) support recruitment and maintenance of riparian 
vegetation (San Joaquin River Restoration Program, 2009). 

Under the settlement, spring-run and fall-run Chinook salmon are to be 
reintroduced to the San Joaquin River between Friant Dam and the 
confluence with the Merced River by December 31, 2012. The 
implementing agencies are currently working to implement the 
Reintroduction Strategy (NRDC, et al., vs. Kirk Rodgers, et al, 2006; San 
Joaquin River Restoration Program, 2011b). Recently, the SJRRP has 
performed work to identify fish passage barriers on the San Joaquin River 
from Friant Dam to the Merced River. This work includes literature 
research, field visits, and evaluations (Pers. comm. Romero, 2011). 

For more information about SJRRP, see 
http://www.restoresjr.net/background.html) 

  

http://www.restoresjr.net/background.html
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3.0 Listed Anadromous Fish Within 
the Systemwide Planning Area 

This report focuses on three species of anadromous fish that use the Central 
Valley: Chinook salmon, steelhead, and green sturgeon (Acipenser 
medirostris).  Table 3-1 lists these three species (and important runs) and 
provides comparative information about their life history stages and 
seasonality. Anadromous fish are fish species that hatch from eggs laid in 
freshwater streams, migrate as juveniles to saltwater, and after living and 
growing in ocean waters then return as adults to spawn in freshwater to 
complete their life cycle.  

Table 3-1.  Anadromous Fish in the Upper Sacramento River 

Species Adult 
Immigration 

Adult 
Holding 

Typical 
Spawning 

Egg 
Incubation 

Juvenile 
Rearing 

Juvenile 
Emigration 

Winter-run 
Chinook salmon 

December – 
July 

January – 
May 

April – 
August April – October July – 

March July – March 

Spring-run 
Chinook salmon April – July May – 

September 
August – 
October 

August – 
December 

October – 
April 

October - 
May 

Fall-run Chinook 
salmon 

July – 
December n/a October – 

December 
October - 

March 
December – 

June 
December – 

July 
Late Fall-run 
Chinook salmon 

October – 
April n/a January – 

April 
January – 

June 
April – 

November 
April – 

December 
CA Central Valley 
Steelhead 

August – 
March 

September – 
December 

December – 
April 

December – 
Jun Year round January – 

October 

Green sturgeon February – 
June 

June – 
November March – July April – June May – 

August 
May – 

December 
Source: NOAA Fisheries, 2009b. 
Key: 
n/a = not applicable 

California Chinook salmon are similar in morphology and are distinguished 
mainly by genetic and life history traits (e.g., run timing) (Moyle et al., 
2008).  The distinct populations within the species generally referred to as 
“runs” or “stocks,” are named after the season in which they begin their 
freshwater spawning migrations, and are genetically and geographically 
distinct. In California’s Central Valley, there are four genetically distinct 
runs: fall, late-fall, winter, and spring (Table 3-1).  
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Steelhead in California occur in six populations6 (Evolutionary Significant 
Units (ESU) and Distinct Population Segments (DPS)) recognized by 
NOAA Fisheries. The populations are morphologically identical to one 
another and are distinguished by genetic characteristics.  California 
populations of steelhead have complex systematic relationships (Moyle, 
2002), and while California’s six populations have essentially discrete 
geographic boundaries, adjacent populations have some degree of genetic 
similarity. The DPS of steelhead that is distributed in the Central Valley 
and the Systemwide Planning Area is the California Central Valley 
Steelhead.  

Sturgeon occur in temperate waters throughout the Northern Hemisphere.  
Twenty-five species are currently extant, of which eight species are found 
in North America, and only two occur in California: white sturgeon 
(Acipenser transmontanus) and green sturgeon (Moyle, 2002).  On the 
basis of genetic analyses and evidence of spawning site fidelity, NOAA 
Fisheries determined that green sturgeon occur in at least two DPS (Adams 
et al., 2002): a “Northern DPS” consisting of populations from coastal 
watersheds northward of and including the Eel River, and a “Southern 
DPS” consisting of populations from Coastal California and Central Valley 
watersheds south of the Eel River (NOAA Fisheries, 2010a, 2010b). 

Federal and State agencies have listed several populations of anadromous 
fish as Threatened or Endangered, or a Species of Concern under the 
federal Endangered Species Act and California Endangered Species Act, 
respectively: 

• Sacramento River winter-run Chinook salmon are listed by the State 
and federal governments as “Endangered.” 

• Central Valley steelhead, Central Valley spring-run Chinook salmon, 
and the Southern DPS of North American green sturgeon are listed by 
the federal government as “Threatened.” Central Valley spring-run 
Chinook salmon is also listed by the State as “Threatened.” 

• Central Valley fall-run and late-fall run Chinook salmon are listed by 
the federal government as “Species of Concern” and by the State as 
“Species of Special Concern.”

                                                           
6 The Endangered Species Act (ESA) defines a “species” to include any distinct population 

segment of any species of vertebrate fish or wildlife.  For Pacific salmon, NOAA Fisheries 
Service considers an evolutionarily significant unit (ESU) a “species” under the ESA.  For 
Pacific steelhead, NOAA Fisheries Service has delineated distinct population segments 
(DPS) for consideration as “species” under the ESA (NOAA Fisheries 2009). 
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4.0 Historic and Current 
Populations of Listed 
Anadromous Fish in the 
Systemwide Planning Area 

4.1 Chinook Salmon 

 Spring-Run Chinook Salmon 4.1.1
The basic life history of spring-run Chinook salmon is to migrate upstream 
in spring, hold through the summer in deep, cold water pools, and then 
spawn in early fall, with juveniles emigrating after either a few months or a 
year while rearing in fresh water (Table 3-1). 

Lindley et al. (2004) identified 26 historical populations within the spring-
run Chinook salmon ESU; 19 were independent7 populations, and seven 
were dependent populations.  Only three independent populations of 
spring-run Chinook that occurred historically are extant, in Deer, Mill, and 
Butte creeks (in Tehama and Butte counties).  Extant dependent 
populations have increased to nine and occur in Battle, Antelope, Big 
Chico, Clear, Beegum, and Thomes creeks, as well as in the Yuba River, 
the Feather River downstream of Oroville Dam, and in the mainstem 
Sacramento River below Keswick Dam (NOAA Fisheries, 2009a) (Figure 
4-1).  Within these regions, Chinook distribution is determined by water 
temperature and accessibility of spawning, rearing, and holding habitats 
(Moyle et al., 2008). 

                                                           
7 Lindley et al. (2004) used several characteristics, including distance from a basin to its 
nearest neighbor (at least 50 km), the basin size (generally at least 500 km2), and 
significant environmental differences between basins inside of the distance criterion, as 
well as data on population genetics and dynamics to decide whether populations were 
independent or dependent. 
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Figure 4-1.  Current and Historic Spring-Run Chinook Salmon Distribution 
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Blockage of upstream summer holding habitat has created a greater 
potential for spring-run salmon to hybridize with other runs because the 
runs are no longer spatially and temporally separated (DWR, 2005).  The 
Feather River population depends on Feather River Fish Hatchery 
production.  Recent studies on this stock (Garza et al., 2008 as cited in 
NOAA Fisheries, 2011b; O’Malley et al., 2007) found subtle, but 
significant, differentiation between the Feather River Hatchery spring- and 
fall-run stocks. Genetic analysis (Garza et al., 2008 as cited in NOAA 
Fisheries, 2011b), suggests that the Feather River Hatchery spring-run 
population is a remnant of the ancestral Feather River spring-run that has 
been hybridized with fall-run Chinook. 

Current population estimates for spring-run Chinook salmon vary. 
However, the annual spawning run size of spring-run Chinook salmon on 
the Yuba River generally ranges from a few hundred to a few thousand fish 
with the annual trend closely following the annual abundance trend of the 
Feather River Hatchery spring-run Chinook salmon population (NOAA 
Fisheries, 2011b). The relatively recent installation of a Vaki Riverwatcher 
system at Daguerre Point Dam is providing more accurate estimates of 
spring-run Chinook population size in the lower Yuba River.  The upper 
Sacramento River downstream of Keswick Dam may support a small 
spring‐run Chinook salmon population, but that population is likely to be 
highly hybridized with fall‐run Chinook salmon, and the status of that 
population is poorly documented (NOAA Fisheries, 2009a). 

Since 1970, Central Valley spring‐run Chinook salmon population levels 
have fluctuated significantly from highs near 30,000 fish to lows near 
3,000.  The 5-year average spring-run Chinook salmon abundance in the 
late 1990s was 8,500 fish, compared with 40,000 fish in the 1940s (NOAA 
Fisheries, 2008a.) (Figure 4-2). 

 Sacramento River Winter-Run Chinook Salmon 4.1.2
Sacramento River winter-run Chinook salmon have a life history that 
differs considerably in its timing from the other three Central Valley runs.  
Their spawning migration8 lasts from December to July (NOAA Fisheries, 
2009b), with runs peaking in mid-March (Moyle et al., 2008).  They enter 
fresh water as sexually immature adults and migrate to the Sacramento 
River downstream from Keswick Dam, where they hold for several months 
until spawning from April through early August (Moyle et al., 2008). 

 

                                                           
8 Descriptions of salmon run timing vary among published sources and are known to vary 

among years depending on environmental conditions.  
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Source: (NOAA Fisheries, 2009a) 
Figure 4-2.  Estimated Spring‐Run Chinook Salmon Run Size  
(1970 – 2008) 

Most winter-run fry migrate past Red Bluff Diversion Dam (RBDD) in 
summer or early fall (Moyle et al., 2008), but many rear in the river below 
Red Bluff for several months before they reach the Sacramento-San 
Joaquin (Delta) in early winter.  Juveniles enter the Delta from November 
through March where they complete smoltification and migrate to the 
ocean (del Rosario et al., in review).  Most juvenile winter-run Chinook 
salmon have migrated out of the Delta toward the ocean by the end of April 
(del Rosario et al., in review). 

Historically, there were four independent populations of winter-run 
Chinook salmon: Little Sacramento River, Pit River-Fall River-Hat Creek, 
McCloud River, and Battle Creek (Figure 4-3).  The first three of these 
areas are blocked by Shasta and Keswick dams (Lindley et al., 2004).   
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Figure 4-3. Current and Historic Winter-Run Chinook Salmon Distribution 
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Winter-run Chinook salmon no longer inhabit Battle Creek as a self-
sustaining population, probably because hydropower operations make 
conditions for eggs and fry unsuitable (Lindley et al., 2007).  In addition, 
access to much of the basin was blocked until recently by the Coleman 
National Fish Hatchery barrier weir (Lindley et al., 2007). However, a 
collaborative partnership (including state and federal resource agencies, 
Pacific Gas and Electric Company, public watershed groups, and other 
stakeholders) is implementing the Battle Creek Salmon and Steelhead 
Restoration Project. This restoration project will eventually remove five 
dams on Battle Creek, install fish screens and ladders on three dams, and 
end the diversion of water from the North Fork to the South Fork (NOAA 
Fisheries 2011c). Upon its completion, the project will re-establish 
approximately 42 miles of winter-run and spring-run Chinook salmon and 
steelhead habitat on Battle Creek, plus an additional six miles on its 
tributaries. For information, see:  
http://www.usbr.gov/mp/battlecreek/index.html (Reclamation, 2011). 

Currently, there is one independent population of winter-run Chinook 
salmon inhabiting the area of cool water between Keswick Dam and Red 
Bluff, where cold-water releases from Shasta Reservoir, combined with 
artificial gravel additions, have created suitable habitat (Moyle et al., 
2008).  This area was not historically used by winter-run Chinook salmon 
for spawning (Lindley et al., 2004).  Winter-run Chinook salmon have 
avoided hybridization with fall-run Chinook in this area, unlike spring-run 
Chinook salmon, due to their temporal isolation from the fall-run salmon. 

The U.S. Fish and Wildlife Service (USFWS) manages a conservation 
hatchery program for winter-run Chinook salmon that is located at the 
Livingston Stone National Fish Hatchery. This hatchery program 
supplements the natural population according to strict guidelines developed 
in conjunction with NOAA Fisheries. Based on a review of available 
genetic and other information, this hatchery stock was considered part of 
the Sacramento River winter-run Chinook ESU and was listed in 2005 
(NOAA Fisheries, 2011c). 

The population of winter-run Chinook salmon that spawns below Keswick 
Dam increased in abundance from the mid-1990s through 2006, although 
the abundance remained well below historic levels.  Since 2006, the 
increasing trend in winter-run Chinook salmon abundance has reversed 
during the more recent period of unfavorable ocean conditions (2005-06) 
and drought (2007-09). 

http://www.usbr.gov/mp/battlecreek/index.html
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Source: (NOAA Fisheries 2009a & c) 
Figure 4-4.  Estimated Sacramento Winter-Run Chinook Salmon Run 
Size (1970 – 2008) 

 Fall-Run Chinook Salmon 4.1.3
Central Valley fall-run Chinook salmon primarily migrate upstream in the 
fall as mature fish, although they have been recorded migrating from June 
through December, and a portion of the population returns as immature fish 
(Moyle et al., 2008).  Peak spawning time is typically in October through 
November but can continue through December.  Juveniles mostly emerge 
in December through March and rear in natal streams for one month to 
seven months, usually moving downstream into the main rivers within a 
few weeks after emerging and then enter the San Francisco Estuary as both 
fry and smolts (Moyle et al., 2008) (Table 3-1). 

Using modern genetic techniques, late-fall-run Chinook salmon are 
distinguishable from the other runs, although late-fall-run Chinook were 
only recognized as a distinct run in 1966 after the construction of the 
RBDD (Williams, 2006).  NOAA Fisheries manages late-fall-run Chinook 
as part of the Central Valley fall-run ESU because of their close 
relationship to it (Moyle et al., 2008). 

Central Valley fall-run Chinook salmon historically spawned in all major 
rivers of the Central Valley, migrating as far south as the Kings River, and 
north to the upper Sacramento, McCloud, and Pit rivers (Figure 4-5).  
There were also small runs in smaller Central Valley streams and creeks 
(Moyle et al., 2008). 
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Figure 4-5.  Current and Historic Fall-Run Chinook Salmon Distribution 
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A large portion of the fall-run Chinook salmon population contributing to 
ocean fisheries is raised in hatcheries, including Feather River Hatchery, 
Mokelumne River Hatchery, Coleman National Fish Hatchery on Battle 
Creek, and Nimbus Hatchery on the American River (Lindley et al., 2009). 

Currently, fall-run Chinook salmon spawn upstream as far as the first 
impassible dam (e.g., Keswick Dam on the Sacramento River), although on 
the San Joaquin side of the Central Valley, they only reach the Merced 
River because Friant Dam has cut off all natural flows to the lower San 
Joaquin River (Moyle et al., 2008).  Restoration in the San Joaquin River is 
ongoing (See section 2.2.1 of this report).  In the upper Sacramento River, 
the relative proportions of fall-run spawning in the mainstem and in Battle 
Creek have approximately reversed over the last half-century, with more 
fish now spawning in Battle Creek than in the Sacramento River upstream 
of Red Bluff (Williams, 2006). 

Spawning populations of late-fall-run Chinook salmon occur in several 
tributaries of the Sacramento River, including Battle, Cottonwood, Clear 
and Mill creeks, and in the Feather River (Stillwater Sciences, 2007).  
However, the sizes of these spawning populations are relatively small, with 
the exception of Battle Creek where late-fall-run Chinook are artificially 
propagated at the Coleman National Fish Hatchery (Stillwater Sciences, 
2007). Incidental observations of late fall-run Chinook salmon have been 
reported to occur in the lower Yuba River (Lower Yuba River Accord 
Management Team Planning Group, 2010). 

Fall-run Chinook have always been the most abundant salmon run in the 
Central Valley (Moyle, 2002).  From the 1870s through early 1900s, annual 
in-river harvest in the Central Valley often totaled 4 million to 10 million 
pounds of Chinook, approaching or exceeding the total annual harvest by 
statewide ocean fisheries in recent decades.  Maximum annual stock size 
(including harvest) of Central Valley Chinook salmon before the 20th 
century has been estimated conservatively at 1 million to 2 million 
spawners with fall-run salmon totals perhaps reaching 900,000 fish 
(Yoshiyama et al., 1998).  Annual escapement of fall-run Chinook salmon 
has remained relatively stable from the 1960s through the 1990s, totaling 
between 100,000 and 350,000 adults per year. However, escapement began 
to fluctuate more erratically in the present decade, climbing to a peak of 
775,000 in 2002 but then falling rapidly to near-record lows in 2007 
(estimated spawning escapement of 88,000) (Figure 4-6) (Lindley et al., 
2009). 
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Source: Lindley et al., 2009 
Figure 4-6.  Sacramento River Fall-Run Chinook Escapement, Ocean 
Harvest, and River Harvest (1983 – 2007) 

4.2 Central Valley Steelhead 

Steelhead and rainbow trout are the same species, with steelhead referring 
to the anadromous form of the species. Central Valley steelhead typically9 
begin their spawning migration in fall, winter, and spring, and spawn 
relatively soon after freshwater entry.  Spawning occurs January through 
March, but can extend into spring and possibly early summer months 
(McEwan, 2001).  Rearing takes place during the summer and juvenile 
steelhead emigrate from natal streams during fall, winter, and spring high 
flows (Table 3-1) (NOAA Fisheries, 2009b). 

Historically, Central Valley steelhead were distributed throughout the 
Sacramento and San Joaquin rivers (McEwan, 2001). Steelhead were found 
from the upper Sacramento and Pit rivers (both now inaccessible due to 
Shasta and Keswick dams) south to the Kings River and possibly the Kern 
River systems, and in both east‐ and west‐side Sacramento River tributaries 
(NOAA Fisheries, 2009b). 

Naturally spawning stocks of steelhead are known to occur in the 
Sacramento River and tributaries, Mill, Deer, Antelope, and Butte creeks, 
and the Feather, Yuba, American, Mokelumne, Calaveras, and Stanislaus 
rivers. Steelhead smolts have been found in Auburn Ravine, Dry Creek, 
                                                           
9 Descriptions of salmon run timing vary among published sources and are known to vary 

among years depending on environmental conditions. 
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and have been monitored in the Stanislaus River since 2003 (Figure 4-7) 
(McEwan, 2001; FISHBIO Environmental, 2011; NOAA Fisheries, 2009a).  
Steelhead are also present in the Tuolumne River, Merced River, and Cow, 
Battle, Cottonwood, Clear, and Big Chico creeks (DWR, 2005; NOAA 
Fisheries, 2009a). 

Naturally spawning populations may exist in many other streams but are 
undetected due to lack of monitoring programs (NOAA Fisheries, 2009b).  
According to Lindley et al. (2006), historically there were approximately 
81 independent populations of steelhead in the Central Valley. 

Four hatcheries raise steelhead in the Central Valley, producing an average 
of 1.5 million yearlings per year: Feather River Hatchery, Mokelumne 
River Hatchery, Coleman National Fish Hatchery on Battle Creek, and 
Nimbus Hatchery on the American River (Moyle et al., 2008). 
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Figure 4-7.  Current and Historic Central Valley Steelhead Distribution 
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From 1967 to 1993, steelhead counts at the RBDD on the Sacramento 
River provided an indicator of the magnitude of the decline of Central 
Valley hatchery and wild steelhead stocks.  Steelhead counts declined from 
an average annual count of 11,187 adults for the 10-year period beginning 
in 1967, to 2,202 adults annually in the 1990s (McEwan, 2001).  After 
1993, the RBDD gates were raised during the winter to minimize adverse 
impacts on winter-run Chinook salmon.  Because of this change in gate 
operations, adult steelhead could no longer be counted at RBDD during 
winter. Recnet trends in estimated natural steelhead spawning upstream 
from RBDD to 2005 are shown in Figure 4-8. 

 
Figure 4-8.  Steelhead Population Trends in the Sacramento River, 
Upstream from Red Bluff Diversion Dam from 1967 to 2005 

4.3 Green Sturgeon 

Little is known about the timing or location of spawning for green 
sturgeon, although recent studies have provided additional information 
(Poytress et al., 2010; Poytress et al. 2011).  Heublein et al. (2009) 
describes the timing and movement patterns of migrating green sturgeon 
and identifies likely spawning reaches.  Upstream migration of adult green 
sturgeon appears to begin in February and lasts until late July (Stillwater 
Sciences, 2007). Green sturgeon spawn between March and July in the 
mainstem Sacramento River as far upstream as Keswick Dam.  Adult 
sturgeon are found in the Delta and the San Francisco Bay Estuary, 
including northern San Francisco, San Pablo, and Suisun bays, from 
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March, or earlier, through October (Kelly et al., 2007), with some 
individuals outmigrating from the Sacramento River in December and 
February (NOAA Fisheries, 2010a). 

Green sturgeon larvae begin to emerge and move downstream in May, with 
peak passage occurring at RBDD in June and July (Stillwater Sciences, 
2007). Green sturgeon juveniles rear in the Sacramento River and the Delta 
and bays for 1 year to 4 years before migrating out to sea as subadults 
(NOAA Fisheries, 2010a) (Table 3-1). 

Spawning, rearing, feeding, and migratory habitat for all life stages of 
green sturgeon found within the Systemwide Planning Area include the 
following estuaries, bays, and freshwater rivers and streams within the 
Central Valley: the Delta; the San Francisco, San Pablo, and Suisun bays; 
the Sacramento River upstream to Keswick Dam; the lower Feather River 
upstream to Oroville Dam; and the lower Yuba River upstream to the 
Daguerre Point Dam (NOAA Fisheries 2010a). Designated Critical Habitat 
of green sturgeon is shown on Figure 4-9. 

Population abundance information for green sturgeon is limited 
(Beamesderfer, 2002; Adams et al., 2002; NOAA Fisheries, 2005; 
Beamesderfer, 2007). In terms of overall annual relative abundance, it 
appears that green sturgeon populations declined from 1995 to 1999 and 
then remained relatively stable from 2002 to 2006 (Stillwater Sciences, 
2007). 

Above RBDD, Israel (2006) estimated a maximum spawning population of 
32 spawners in 2002, 64 in 2003, 44 in 2004, 92 in 2005, and 124 in 2006 
(with an average of 71) (NOAA Fisheries, 2009b). Below RBDD, green 
sturgeon larvae were captured in rotary screw traps: 517 individuals in 
1994 and 291 individuals were captured between 1996 and 2000 (Heublein 
et al., 2009). 

Abundance information has also been collected at two DWR facilities, the 
John E. Skinner Fish Facility and the Harvey O. Banks Pumping Plant.  
Abundance data for green sturgeon were recorded at the John E. Skinner 
Fish Facility in Tracy between 1968 and 2001.  The average number of 
green sturgeon entrained per year at the facility before 1986 was 732; from 
1986 on, the average entrained per year was 47.  At the Harvey O. Banks 
Pumping Plant, the average number of green sturgeon entrained per year 
before 1986 was 889; from 1986 to 2001, the average entrained per year 
was 32 (NOAA Fisheries, 2009b). 
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Figure 4-9.  Critical Habitat for Green Sturgeon in the Central Valley 
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5.0 Reasons for the Decline in 
Anadromous Fish Populations 

Several factors have contributed to the decline of Chinook salmon, 
steelhead, and green sturgeon populations in the Central Valley. However, 
the single biggest cause has been the construction of massive dams and 
diversions on all major rivers (Moyle, 2002; NOAA Fisheries, 2005). 

Other structures besides dams that block or delay migrating fish from 
accessing habitat include: road crossings, bridges, culverts, flood control 
channels, erosion control structures, canal and pipeline crossings, flow 
measurement weirs, pumping plants, borrow pits, and gravel mining pits 
(DWR, 2005; PSMFC, 2011). 

In the Sacramento-San Joaquin system, dams have denied Chinook salmon 
access to more than half the stream reaches they once used and to more 
than 80 percent of their historical holding and spawning habitat (Moyle, 
2002).  Shasta and Keswick dams block winter-run Chinook salmon access 
to more than approximately 100 miles of historical habitat in the Little 
Sacramento River, Pit River-Fall River-Hat Creek, and McCloud River 
(Lindley et al., 2004). 

Approximately 80 percent to 90 percent of spring-run Chinook spawning 
and rearing habitat has been lost due to water system developments in the 
Central Valley watersheds, and large rim dams (e.g., Shasta and Oroville 
dams) and hydropower development projects have prevented spring-run 
Chinook salmon from accessing significant areas of upstream summer 
holding and spawning habitat (DWR, 2005). Within the Systemwide 
Planning Area, NOAA Fisheries has identified several major dams that 
affect spring-run Chinook salmon migration, including: Englebright Dam, 
Oroville Dam, Keswick Dam, Shasta Dam, RBDD, and the Anderson 
Cottonwood Irrigation District diversion dam10 (NOAA Fisheries, 2009a). 

Barriers to spawning habitat are a major anthropogenic threat to fall-run 
Chinook salmon (Stillwater, 2007).  Lindley et al. (2009) attributed the 
collapse of the fall-run population in 2007 and 2008 to a combination of 
unfavorable ocean conditions and anthropogenic effects such as the 

                                                           
10 The Anderson Cottonwood Irrigation District diversion dam was improved in 2001 with 

the installation of new fish ladders and fish screens around the diversion. However, 
NOAA Fisheries indicates that diversion dam operations could still impact Chinook 
salmon (NOAA Fisheries 2009b). 
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presence of large dams and levees, which block access to spawning and 
rearing habitat. 

Lindley et al. (2006) estimated that approximately 80 percent of stream 
habitat that was historically available to anadromous Central Valley 
steelhead is now behind impassable dams, and that 38 percent of the 
populations identified have lost their entire habitat.  In addition, NOAA 
Fisheries (2009a) highlighted steelhead passage issues at the following 
structures within the Systemwide Planning Area: Friant Dam, La Grange 
Dam, Don Pedro Dam, Goodwin Dam, New Melones Dam, McSwain 
Dam, Crocker Huffman Dam, Camanche Dam, Pardee Dam, and Bellota 
Weir. 

The principal threat to green sturgeon has been the loss of access to habitat 
for spawning and rearing, now upstream from impassable dams (NOAA 
Fisheries, 2005). The presence of Keswick Dam currently blocks sturgeon 
passage to upstream sites (Adams et al., 2002; NOAA Fisheries, 2010b).  
The RBDD gates have been known to delay migration, block the migratory 
corridor, and block access to 53 miles of the Sacramento River with 
suitable water quality conditions for green sturgeon spawning and rearing 
from May 15 through September 15 of each year (NOAA Fisheries, 
2009b).  Early gate closures before May 15 resulted in mortality of green 
sturgeon (NOAA Fisheries, 2009b).  However, this should be eliminated 
with the implementation of the Red Bluff Fish Passage Improvement 
Project, which is expected to be completed in 2012.  As part of the project, 
a screened pumping plant will be constructed that will allow the RBDD 
gates to be permanently placed in the open position for free migration of 
salmon and sturgeon (Reclamation 2011b). Passage to 5 miles of spawning 
habitat downstream from Keswick Dam is blocked by the Anderson 
Cottonwood Irrigation District Diversion Dam (installed April to 
November) (NOAA Fisheries 2009b).  The continued presence of green 
sturgeon adults below Oroville Dam suggests that sturgeon are trying to 
migrate to upstream spawning areas now blocked by the dam. 

In addition to fish passage barriers, sturgeon are susceptible to stranding 
within floodplains and bypasses (NOAA Fisheries, 2009b). Most channels 
and floodplains have irregular surfaces, and as flows recede, fish can 
become trapped in isolated pools, old channels, and in depressions formed 
as water flows around vegetation, large woody debris, or other features. 
The pools and depressions create areas in which the fish can become 
stranded. Unless water levels increase or the depressions are fed by 
subsurface flow, fish will desiccate or become easy prey for a variety of 
predators (Sullivan, and Chinnici, 2009).  
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In this report DWR defines stranding as occurrences when fish are trapped 
in areas that are inundated when flood flows move outside the active 
channel into bypasses, side channels, backwaters, floodplains, and then the 
flows recede. In particular, stranded fish are those trapped in scour holes 
that occur within bypasses, in abandoned gravel or mining pits that are 
adjacent to the active channel, or in side channels that become isolated 
from the main river channel. 

NOAA Fisheries (2009b) identified stranding that occurs under two types 
of flow releases: releases made for flood control and those made to meet 
Delta water quality objectives and demands. Both types of releases can 
result in rapid flow increases for a period of time followed by rapid flow 
decreases. The abrupt decrease in flows can result in redd11 dewatering and 
isolation, isolation of side channels and backwaters, and draining of 
floodplains. DWR did not include stranding that occurs within the active 
channel because of flow decreases in response to Delta water quality 
objectives or export demands in this analysis.  In addition, people 
sometimes refer to situations where a fish cannot pass a manmade 
structure, like a weir, as stranding, but DWR defines that as a fish passage 
barrier, and addresses those situations in the barrier section of this report. 

In addition to fish passage barriers blocking habitat and stranding identify 
other factors contribute to the decline of Chinook salmon, steelhead, and 
green sturgeon populations (Moyle 2002, Moyle et. al, 2008, NOAA 
Fisheries 2005, 2009b, and DFG 2011): 

• Lack of in-stream flow (i.e., San Joaquin River restoration,  Section 
2.2.1) 

• Altered flow regimes 

• Fishing, both in the ocean and in streams 

• Entrainment of juveniles in diversions 

• Loss of floodplain and estuarine rearing habitat by diking and draining 

• Predation 

• Competition from hatchery reared juveniles 

• Diseases, native and introduced 

• Pollution and pesticides 
                                                           
11 A redd is a nest dug by a female salmon in gravel in a creek, stream or river. 
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• Unsuitable water temperatures 

• Loss of riparian forests 

• Siltation of spawning areas 

• Effects of introduced fish, invertebrates, and plants 

• Periods of drought 

• Extreme flooding events 

• Unusual ocean conditions 

• Climate change effects (see Section 6.0) 

Although there are many factors that have contributed to the decline of 
salmonid and sturgeon populations in the Central Valley, this report 
focuses on fish passage barriers and stranding that occur within the 
Systemwide Planning Area. 

 



 6.0 Climate Change 

January 2012 6-1 
Public Draft 

6.0 Climate Change 
Fish passage barriers and other impediments to migration (e.g., stranding) 
have contributed to the decline of anadromous fish in the Central Valley. 
Climate change will bring an additional level of variability to our water 
system and will compound the negative effect barriers have on anadromous 
fish populations. Successful long-term efforts to provide self-sustaining 
populations of anadromous fish need to plan for the potential impacts of 
climate change and to develop ways to accommodate those changes for 
anadromous fish. Current climate change models predict a range of impacts 
that should be considered in water supply and flood management systems.  

Impacts that are likely to be particularly detrimental for salmonid species 
include: 

• Sea-level rise, which leads to increased salinities in the Delta. 
Anadromous fish using Central Valley streams and rivers need to pass 
through the Delta on their way to and from the Pacific Ocean 

• More frequent intense winter storms, high stream flow events, and 
floods 

• Less snowpack and earlier snowmelt, with higher peak flows in winter, 
less spring runoff, and much lower summer flows 

• Considerably warmer stream, river, and ocean water temperatures 
during the summer 

Decreases in Sierra Nevada snowpack will have negative implications for 
anadromous fish. The Central Valley’s largest source of fresh water is the 
Sierra Nevada snowpack. The snowpack melts slowly in the spring and in 
some years, even into the summer. There are 395 reservoirs with a capacity 
of at least 50 acre-feet that are fed by the Sierra Nevada snowpack. Their 
combined storage capacity is approximately 14 million acre-feet. The 
Sierra Nevada snowmelt provides an annual average 15 million acre-feet of 
water to those reservoirs. DWR (2008) projects a 25 percent to 40 percent 
reduction in the Sierra snowpack by 2050 because of warmer storms 
resulting in less snowfall. 

As a result of a decrease in snow pack and earlier snowmelt, stream flows 
are expected to be lower during the summer months and extending into the 
fall. It is common for adult fish migrating to spawning grounds to 



2012 Central Valley Flood Protection Plan 
Attachment 9C: Fish Passage Assessment 

6-2 January 2012 
 Public Draft 

encounter obstacles that require high flow conditions in order to pass. If 
climate change results in reduced stream flows this could impede or halt 
their progress. A delay in the arrival to spawning grounds may decrease 
reproductive success and increase fish mortality (California Natural 
Resources Agency 2009). This decrease in summer flows will further limit 
access to available cold water habitat that salmonids require, particularly as 
temperatures in many stream and rivers increase (Moyle et al., 2008).For 
example, lower flows in the summer  will affect spring-run Chinook 
salmon by reducing the size and frequency of deep pools used for holding,  
leading to crowding and increased mortality. 

Reduced stream water depth and higher air temperatures will increase 
stream water temperatures to levels that are potentially unhealthy for 
coldwater fish. Salmonids are temperature-sensitive and rely on 
precipitation and snow melt. The projected changes in inland water 
temperatures with changing seasonal flows is projected to place additional 
stress on these species, contributing to the need for increased resources for 
monitoring and restoration efforts.  

Lindley et al. (2007) examined the effects of climate warming on the 
availability of spring-run Chinook salmon over-summer habitat. Their 
analysis suggests that a 2-degree-Celsius increase in water temperatures 
might eliminate summer holding habitat for Butte Creek, where one of 
three viable populations of spring‐run Chinook salmon in the Central 
Valley remain.Given the possible conditions that may exist in Central 
Valley streams as the climate warms, many researchers and agencies have 
recognized the need to evaluate opportunities to provide Central Valley 
salmonid species access to currently inaccessible habitat (DWR, 2007, 
2008; NMFS, 2009b; and California Natural Resources Agency, 2009). In 
addition, to recover Central Valley salmonids, some populations will need 
to be established in areas now blocked by dams (Lindley et al. 2007). As 
temperatures increase, providing fish passage to areas upstream from 
reservoirs could eliminate or reduce the need for cold water releases and 
give water managers additional flexibility in meeting downstream water 
supply and flood protection needs. 
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7.0 Identification and Prioritization 
of Passage Barriers in the 
Systemwide Planning Area 

Dams and other barriers have played an important role in the decline of 
salmon, steelhead, and green sturgeon in the Central Valley. The effects of 
climate change will compound the decline. Flood management structures, 
such as weirs, and flood operations have resulted in passage barriers, 
reductions in flows, and risk of mortality due to stranding. To achieve the 
environmental objectives of the Central Valley Flood Protection Act, DWR 
will need to work collaboratively with others to remove fish passage 
barriers and reduce stranding within the Systemwide Planning Area will be 
crucial.  

To help inform such a collaborative effort, this section provides an 
assessment of existing barriers and stranding. It also shows the results of an 
interim process for identifying priority barriers. This process will be 
furthered refined by the interagency Fish Passage Forum (see Section 7.3)  

7.1 Identification of Barriers 

 Methods 7.1.1
A Geographic Information System (GIS) analysis of existing spatial data 
sets was undertaken to determine the known and potential fish passage 
barriers and stranding areas in the Systemwide Planning Area.  Geospatial 
data that describe anadromous fish passage barriers and anadromous fish 
distributions were obtained from official sources (e.g., CalFish Passage 
Assessment Database, NOAA Fisheries, California Department of Fish and 
Game (DFG)).  These data sets and expert knowledge were used to identify 
stranding areas and to determine the number and distribution of known and 
potential barriers to anadromous fish passage within the Systemwide 
Planning Area on the basis of barrier location, barrier status, and barrier 
type.  See Appendix A for a detailed description of methods. 

Fish passage barriers can be total, temporal, or partial barriers for 
anadromous fish during migration (Table 7-1).  Total barriers block all fish 
migration. Temporal and partial barriers may block fish passage for a 
certain life stage and/or only under certain flow conditions. For example, a 
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partial barrier may block juvenile spring-run and steelhead from migrating 
downstream. 

Table 7-1.  Definitions of Barrier Status 
Barrier Status Definition 

Temporal Impassable to all fish at certain flow 
conditions 

Partial Impassable to some fish during part 
or all life stages at all flows 

Total Impassable to all fish at all flows 

Potential 
The structure needs to be assessed 
or evaluated to determine if it is a 
temporal, partial or total barrier 

Source: Adapted from Taylor and Love, 2003 
Barriers can also be temporal and partial but for purposes of this report the barrier 
status categories are simplified. 

 Barrier Results 7.1.2
The GIS analysis, expert knowledge, and available written information 
identified 189 barriers in the Systemwide Planning Area (Figure 7-1 and 
Table 7-2). In addition, 45 DWR diversions were identified because of their 
impacts on fish entrainment.12  Of the 189 barriers identified, 14 are 
components of the SPFC. Appendix B lists all 234 barriers and diversions. 

Twenty-five total barriers were identified within the Systemwide Planning 
Area. These barriers block approximately 900 miles of salmonid habitat 
(Figure 7-2).  The remaining partial, temporal, and potential barriers impair 
anadromous fish migration through approximately 3,000 miles of habitat. 

Table 7-2.  Number of Barriers and Diversions in the Systemwide 
Planning Area 

Status Number in the Systemwide 
Planning Area 

Total 25 
Partial1 23 

Temporal1 46 
Potential (needs assessment) 95 

Screened and Unscreened Diversions 45 
All Barriers and Diversions 234 

1 Barriers can also be temporal and partial but for purposes of this report the barrier 
status categories are simplified so that the numbers in Table 7-2 add up. 

                                                           
12 The 44 DWR-owned diversions occur in the Delta and 1 outfall gate at Knights Landing 

Ridge Cut. NOAA (2009a) recommends any unscreened diversions in the Delta be 
evaluated for population level effects, and those diversions with substantial impacts be 
screened. DWR should implement that recommendation. Adult attraction and/or delay 
issues should be assessed and addressed as needed at the Knights Landing Ridge Cut 
Outfall Gates. 
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Figure 7-1.  Known and Potential Barriers, Including DWR-Owned Diversions, 
in the Systemwide Planning Area  
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Figure 7-2.  Miles of Habitat Upstream from Total Barriers in the Systemwide  
Planning Area 
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About half of the 189 barriers in the Systemwide Planning Area have not 
been assessed to determine if they either block or impair fish migration. 
CVFPP fish passage surveys, following DFG (2003) protocols, should be 
done at all potential barriers within the Systemwide Planning Area to 
determine the passage status of the barriers. If barriers need remediation, 
fish passage solutions (repairs or new construction) that meet NOAA 
Fisheries and DFG standards should be implemented. 

Many of the barriers within the Systemwide Planning Area are small dams, 
road culverts, or low-water road crossings. Most of these are temporal or 
partial barriers, but this does not minimize their impact. A temporal and 
partial barrier can delay or block listed species, resulting in take13. When 
population levels are low, such as with spring-run or winter-run Chinook 
salmon, saving an individual fish is important. The methods used to 
provide fish passage at small dams, road culverts, or low-water road 
crossings are well documented, and solutions can be implemented quickly 
at low cost to provide immediate benefit to anadromous fish populations. 
Since these projects can be implemented quickly, remediation of these 
structures can occur during the planning stages for fish passage at larger 
structures. Information on fish passage at large dams is provided in a 
subsequent section. 

7.2 Stranding Risks 

Stranding may be a problem associated with flood bypasses, in-stream 
gravel extraction, and rapid changes in flows.  

 Flood Bypasses 7.2.1
Conflicting information is available on whether stranding is a significant 
problem within the Central Valley flood bypasses. It may be a potential 
problem within the following flood bypasses (Figure 7-3): 

• Yolo Bypass/Sacramento Bypass 

• Colusa Bypass 

• Butte Sink 

• Sutter Bypass/Tisdale Bypass 

• Chowchilla Canal Bypass/ Eastside Bypass/Mariposa Bypass system 

                                                           
13 The term "take" means to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or 

collect, or to attempt to engage in any such conduct (Endangered Species Act, Section 3 
(19)). 
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Figure 7-3.  Locations of Known Stranding Sites14 Within the Systemwide  
Planning Area 

                                                           
14 It is known that the San Joaquin River contains in-channel and captured pits that have 

the potential to strand salmon (Mussetter Engineering, Inc., 2005). However, DWR did 
not have enough information to delineate specific pits on Figure 7-3. Therefore, the entire 
San Joaquin River is marked as a potential stranding site. 
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Floodplain habitat carries the risk of stranding when water levels drop. 
Flood flows from the Sacramento River spill into the Yolo and Sutter 
bypasses and the Butte Overflow Basin.  Sommer et al. (2005) described 
stranding rates on the Yolo Bypass floodplain as being relatively low. This 
finding is consistent with other studies that report juvenile salmonids are 
relatively mobile and that most avoid being stranded during moderate rates 
of stage change. However, other researchers reported that stranding occurs 
in scour holes, borrow pits, depressions, ponds, and sumps when flows 
recede within the Yolo Bypass, Butte Overflow Basin, and Sutter Bypass 
(Pers. comm. T. Cannon, T. Schroyer, J. Navicky, 2011). For example, 
DFG rescued salmon, steelhead and green sturgeon trapped in scour holes 
when flood flows receded in the Yolo Bypass in 2011 (Weiser, 2011). 
While some studies indicate that the impact of floodplain stranding on 
juvenile salmon is low, other biologists indicate that stranding may have a 
more significant impact on fish than previously thought; the scale and level 
of impacts due to stranding are often undocumented and unknown. 

Federal and State efforts are being made to address stranding issues within 
the Yolo Bypass. The NOAA Fisheries’ Recovery Plan (2009a) and the 
Bay-Delta Conservation Plan Working Draft (BDCPSC, 2010) include 
recommendations to eliminate stranding in the Yolo Bypass, including: 
modification of the Fremont Weir, modification of the Yolo Bypass by 
grading, removal of existing berms and other earthwork, and improvement 
of the Sacramento Weir and Tule Canal/Toe Drain. These actions would 
reduce stranding of covered fish species in isolated ponds (BDCPSC, 
2010). 

The Chowchilla Canal Bypass/ Eastside Bypass/Mariposa Bypass system 
reduces the magnitude of flood flows into the main channel of the San 
Joaquin River. If high flows are sent into the bypass system, fish, including 
juvenile salmon, are likely to be carried in with the water, with potential for 
stranding if flows are suddenly reduced.  As noted above, studies have 
shown that in the Yolo Bypass, native fishes including juvenile salmon are 
very good at leaving the bypass as flows drop. Solutions to the stranding 
problem at the Chowchilla Bypass system may involve operation of the 
Chowchilla Bifurcation gates and releases from the dam (avoiding water 
shutoff and using secondary pulse flows to push fish out of the bypasses) 
(Moyle, 2005). 

 In-stream Gravel Extraction 7.2.2
The presence of gravel pits, with the potential for stranding, has been 
identified in the following areas: 

• Sacramento Valley: American River, Cottonwood Creek, Thomes 
Creek, Stony Creek, and Yuba River 
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• San Joaquin Valley: Merced River, Tuolumne River, San Joaquin 
River, and Stanislaus River 

Gravel pits can adversely affect salmon, steelhead, and other fishes as they 
move up or downstream. Stranding primarily occurs after the river stage 
rises and allows fish to move into newly inundated areas along channel 
margins. The likelihood and extent of entrapment effects associated with 
floodplain mining are directly related to the pit’s proximity to the active 
stream channel, pit size relative to the stream, and the frequency of flood 
inundation (Packer et al., 2005). 

With floodplain pit mining, the risk of fish entrapment is due to two 
processes: (1) floods overtopping the pit perimeter, and (2) natural 
migration of the channel into the excavated area. Ponded water isolated 
from the main channel may strand or entrap fish carried there during high-
water events. Fish in these ponded areas could experience higher 
temperatures, lower dissolved oxygen, increased predation compared to 
fish in the main channel, an altered food web, desiccation if the area dries 
out, and freezing (Packer et. al., 2005). 

Bar scalping (or “skimming”) is the extraction of gravel from the surface of 
gravel bars. To avoid stranding fish in shallow holes after high flows 
inundate the bar and then recede, fish and wildlife agencies in California 
and Washington typically require that the bar, which originally would 
typically have a steep margin and relatively flat top, be left after scalping 
with a smooth slope upwards from the edge of the low water channel at a 2 
percent gradient (Kondolf et al., 2002). 

NOAA Fisheries recommends that gravel extraction sites be situated 
outside the active floodplain and that the gravel not be excavated from 
below the water table. In other words, dry-pit mining on upland outcrops, 
terraces, or the floodplain is preferable to any of the in-stream alternatives. 
Bar skimming is generally preferable to wet-pit mining (deep water 
dredging) within the active channels if no upland or floodplain sources are 
reasonably available (Packer et. al., 2005). 

Significant channel and pit remediation has been conducted to restore 
salmon in the Tuolumne and Merced rivers (Mussetter Engineering, Inc., 
2005). According to Dr. Michael Harvey (Mussetter Engineering, Inc., 
2005), the San Joaquin River has about 1,300 acres of in-channel and 
captured pits, the Merced River has about 290 acres of pits, and the 
Tuolumne River has about 170 acres of pits. DWR (2002) prepared 
conceptual designs to restore several isolated ponds and captured mining 
pits within the Oakdale Recreation Area, located in the lower portion of the 
Stanislaus River. 
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 Rapid Changes in Flows 7.2.3
Rapid reductions in flows in rivers can potentially strand fish. Downstream 
from Englebright Dam on the Yuba River, when flood waters rose high and 
then dropped quickly, fish, including young-of-the-year salmon, were 
stranded in side channels and side ponds (Pers. Comm., J. Nelson, 2011). 
Studies of potential stranding within the Yuba River are ongoing (Pers. 
Comm., J. Nelson, 2011).  The USFWS has conducted investigations on 
the effects of flow fluctuations on anadromous salmonid redd dewatering 
and juvenile stranding in the Yuba River between Englebright Dam and the 
Feather River as part of a six-year effort that began in 2001 (USFWS, 
2010). 

In the lower American River, flow fluctuations have been documented to 
result in steelhead redd dewatering and isolation, fry stranding, and fry and 
juvenile isolation (NOAA Fisheries, 2009b). Redd dewatering can affect 
salmonid embryos and alevins by impairing development and causing 
direct mortality due to desiccation, insufficient oxygen levels, waste 
metabolite toxicity, and thermal stress (NOAA Fisheries, 2009b). Isolation 
of redds in side channels can result in direct mortalities due to these factors, 
as well as starvation and predation of emergent fry. NOAA Fisheries 
(2009b) limits the rate of flow reductions in Nimbus Dam releases, thereby 
reducing the risk of stranding and isolating steelhead. 

 Research Needs 7.2.4
There is no consensus among researchers on the extent and impact of 
stranding within Central Valley floodplains. Sommer et al. (2005) indicated 
that the stranding rate of juvenile salmonids in the Yolo Bypass is low. 
This was consistent with juvenile salmonid findings from other areas. 
However, the impact to sturgeon was not discussed in these studies, and the 
perception continues that floodplain and gravel pit stranding has an impact 
on fish. Consequently, individual CVFPP restoration projects should 
include an evaluation of the extent and impact of stranding in gravel pits 
and in areas where floodplain inundation is considered. A brief literature 
review should be completed to determine if the impacts of stranding differ 
for adult versus juvenile salmonids, and to confirm the need for green 
sturgeon stranding studies. The literature review will indicate if more 
research is needed to understand the effects of stranding on the population 
dynamics of juvenile and adult salmon, steelhead, and sturgeon in the 
regions where stranding is known to occur. Finally, results from existing 
and future stranding research should be more broadly disseminated to 
minimize perceptions that are not supported by research. 
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7.3 Prioritization of Fish Passage Barriers and 
Stranding Areas 

DWR identified 189 fish passage barriers within the Systemwide Planning 
Area. If all these structures are made passable, more than 4,000 miles15 of 
anadromous fish habitat from the western edge of the legal Delta to the 
headwaters will become fully accessible. Because funding and staffing 
often limit progress that can be made on addressing barriers, it is common 
practice to prioritize barriers for fixing. The Fish Passage Forum (Forum) is 
developing a prioritized list of fish passage barriers in California. The 
Forum is an association of public, private, and governmental organizations 
that promote collaboration among private landowners, community groups, 
and public agencies on fish passage restoration programs and activities that 
contribute to the protection and recovery of listed anadromous salmonid 
species throughout California. The Forum was formalized with the creation 
of a Memorandum of Understanding, which DWR signed in 2006.  Other 
members of the Forum include California Resources Agency, DFG, 
California Department of Transportation, Coastal Conservancy, NOAA 
Fisheries, U.S. Forest Service, U.S. Fish and Wildlife Service, CalTrout, 
Southern California Steelhead Coalition, Five County Salmon 
Conservation Group, FishNet 4C, Friends of the River, Pacific States 
Marine Fisheries Commission, and U.S. Army Corps of Engineers 
(USACE). 

The Forum began developing a method to rank fish passage barriers using 
biologically based criteria in 2010.  The method will be a statewide first-cut 
ranking process that filters identified barriers based on objective and 
measurable attributes. The process includes an assumption that individual 
agencies, funding entities, and local groups will apply second-cut ranking 
criteria that are specific to their goals and allow them to further narrow 
down potential barrier treatment priorities. Once the Forum’s prioritization 
method is developed it will have the support of 14 State, federal, and local 
agencies throughout California, providing a powerful tool in justifying 
funding, in strategic planning and design efforts, and gaining consensus for 
restoration efforts implemented through the CVFPP. 

 Interim Prioritization Process 7.3.1
Because the Forum’s criteria and methodology are still in development and 
have not been adopted by the Forum, DWR developed an interim 
prioritization process to rank the 189 barriers within the Systemwide 
Planning Area. Once the Forum’s ranking methodology is finalized, the 
ranking of barriers identified in this report should be revised using the 
                                                           
15 See Attachment 9C.1 for a description of the methods used to calculate the total miles 

that would be fully accessible. 
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Forum’s final ranking method and CVFPP second-cut criteria. These 
revised rankings can be valuable for informing the development of the 
Conservation Strategy and for updating the 2017 CVFPP. 

For the purposes of this report, DWR’s interim prioritization process uses 
the criteria of biological importance, linkage to SPFC facilities, 
geographical location, and urgency: 

• Biological importance – this criterion is based on the NOAA Fisheries 
(2009a) ranking of recovery actions.  NOAA’s highest priority actions 
(Priority 1) are “those critical actions that must be taken to prevent 
extinction or to prevent the species from declining irreversibly.” 
Priority 2 actions as those that “must be taken to prevent a significant 
decline in species population/habitat quality or in some other significant 
negative impact short of extinction.” 

• Linkage to SPFC facilities – Current funding from Proposition 1E for 
improving flood management requires that the funding be spent on 
improving SPFC facilities. Thus, those barriers that are SPFC facilities 
are considered higher priority than others that are not. 

• Geographical location – Priority order is based on the NOAA  

Fisheries (2009a) order shown in Table 7-3. 

Table 7-3.  Geographic Priorities Identified by NOAA Fisheries 

Priority NOAA Fisheries Geographic Regions 
(NOAA Fisheries, 2009a) 

1 Delta 
2 Lower Sacramento River 
3 Middle Sacramento River 
4 Upper Sacramento River 
5 Northern Sierra Nevada Diversity Group 
6 Basalt and Porous Lava Diversity Group 
7 Northwestern California Diversity Group 
8 Southern Sierra Diversity Group 
Source: NOAA Fisheries, 2009a 
Key: 
NOAA = National Oceanic and Atmospheric Administration 
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• Urgency is based on NOAA fisheries (2009a) regulatory 
guidelines.  This interim process identifies the following three 
timeframes for urgency:  

- Short term – actions likely to be completed within five years, or 
required to be completed within five years by regulatory deadlines 
(NOAA Fisheries, 2009b). 

- Moderate term – actions that can be potentially accomplished by 
2025, given additional funding from federal, State, and other 
sources, or required to completed by or before 2025 by regulatory 
deadlines (NOAA Fisheries, 2009b). 

- Long term – actions that are unlikely to be completed by 2025 due 
to their complexity, need for substantial funding, or lack of 
regulatory deadlines. 

In summary, the highest priority actions recommended for the 2012 CVFPP 
planning process are those actions that are most biologically important 
(NOAA Priority 1), linked to SPFC facilities, and most urgent (NOAA 
short term followed by moderate term). 

Assuming that Proposition 1E funding, with its SPFC constraints, suffices 
to fund additional fish passage improvements beyond Priority 1 actions, the 
next set of recommended priority actions would be NOAA Priority 2 
actions, linked to SPFC facilities, and most urgent (NOAA moderate term 
followed by long term). 

As for non-SPFC fish passage barriers, DWR has several programs (other 
than flood management) that are involve working with other agencies to 
address fish passage issues at major dams and other facilities.  DWR flood 
managers need to be aware of these other priority actions to ensure good 
coordination and reduce potential conflicts. Efforts to improve passage at 
non-SPFC facilities may have the potential to benefit downstream flood 
management, providing opportunities to achieve SPFC flood management 
goals. Future flood management funding could be developed to direct some 
funding toward implementing non-SPFC projects that support flood 
management goals.  

Attachment 9C.1 provides additional details on the GIS methods used in 
the Interim Prioritization Process. 
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 Interim Prioritization Results – Short Term  7.3.2
Based on the interim process described above, short term priority fish 
passage actions include actions at two SPFC facilities and actions at several 
other non-SPFC facilities (Attachment 9C.2, Table 9C.2-2). These are 
actions of high biological importance (NOAA Priority 1) and of an urgent 
nature (within the next 5 years). As described above, current funding from 
Proposition 1E for improving flood management requires that this funding 
be spent on improving SPFC facilities, so flood managers will need to seek 
other funding sources to assist at non-SPFC facilities.   

The two SPFC facilities are Sutter Bypass and Yolo Bypass.  At the Sutter 
Bypass, actions include conducting assessments and making improvements 
at Willow Slough Weir and Weir No. 2 in the East Barrow Canal.  
Although not identified as specific SPFC facilities, the two facilities are 
contained within the Sutter Bypass.  Construction of a new fish ladder at 
Willow Slough Weir was completed in 2010 but testing still needs to be 
done to confirm that the ladder is functioning to NOAA Fisheries and DFG 
standards. Construction of a new fish ladder at Weir No. 2 began in 2011 
and should be completed in 2012. 

In the Yolo Bypass, short term priority actions are at Fremont Weir, Lisbon 
Weir, Toe Drain and Tule Canal, and structures in the South Fork of Putah 
Creek. DWR will need to coordinate several funding sources to assist DFG 
in providing an interim solution for fish passage at the existing Fremont 
Weir fish ladder by 2012. The interim measure would provide passage 
through Fremont Weir (a SPFC facility) until a permanent solution is 
developed (see moderate-term actions below), as required by the SWP and 
CVP biological opinion.  Priority short term fish passage actions at non-
SPFC facilities are in the Stockton area and at Red Bluff Diversion Dam. In 
the Stockton area, DWR’s Fish Passage Improvement Program has been 
working with Stockton East Water District, DFG, USFWS, and other 
stakeholders to implement fish passage improvements in the Calaveras 
River, Mormon Slough, and Stockton Diverting Canal.  DWR’s design of a 
rock ramp roughened channel for fish passage improvement at Budiselich 
Dam was constructed in September of 2011. DWR, in cooperation with 
Stockton East Water District, should complete fish passage designs at the 
Caprini low-flow road crossing and assist Stockton East Water District in 
implementing the improvements by December 2013. 

At the Red Bluff Diversion Dam, Reclamation is implementing the Red 
Bluff Fish Passage Improvement Project, which is expected to be 
completed in 2012. This is in response to the biological opinion for the 
long-term operations of the CVP and SWP (NOAA Fisheries, 2009b)   As 
part of the project, a screened pumping plant will be constructed that will 
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allow the RBDD gates to be permanently placed in the open position for 
free migration of salmon and sturgeon (Reclamation 2011b). 

In addition to improving fish passage, the top five areas for evaluating and 
reducing fish stranding are the Yolo and Sacramento bypasses, American 
and Yuba river side channels, and the Stanislaus River gravel pits. A 
complete list of prioritized areas where stranding should be evaluated is in 
Attachment 9C.3, Table 9C.3-1. 

 Interim Prioritization Results – Moderate Term 7.3.3
Based on the interim process described above, moderate term priority fish 
passage actions include actions at two SPFC facilities (Yolo Bypass and 
Sacramento Weir) and actions at several other non-SPFC facilities 
(Attachment 9C.2, Table 9C.2-3). These include actions that are of a less 
urgent nature (within the next 10 years) than short term actions. As 
described above, current funding from Proposition 1E for improving flood 
management requires that the funding be spent on improving SPFC 
facilities, so flood managers will need to seek other funding sources to 
assist at non-SPFC facilities.   

The only action at a SPFC facility of high biological importance (NOAA 
Priority 1) for this time frame is at the Yolo Bypass. Additional work is 
needed to build on the interim passage solution described above (under 
short-term priorities).  

DWR and Reclamation are required by the SWP and CVP biological 
opinion (NOAA Fisheries, 2009b) to submit a plan by December 2011 for 
high-quality, reliable anadromous fish passage through the Yolo Bypass, 
(the permanent solution). The permanent solution should be a 
comprehensive fish passage plan that provides for fish passage at Fremont 
Weir, Lisbon Weir, other structures in the South Fork of Putah Creek, and 
within the Yolo Bypass (Toe Drain and Tule Canal), and addresses straying 
of anadromous fish upstream through the Knights Landing Ridge Cut and 
the impacts of the Knights Landing Outfall Gates. NOAA Fisheries 
(2009b) requires DWR to implement fish passage solutions at many of the 
structures within the bypass by 2015 but recognizes that actions at some 
structures require participation by willing partners.  DWR will need to 
complete fish passage assessments at structures where passage status is 
unknown.  Implementing fish passage solutions at all of the important  
Yolo Bypass structures will require use of multiple funding sources and 
participation of willing partners and/or owners.  

Moderate term fish passage actions at non-SPFC facilities (but still of high 
biological importance – NOAA Priority 1) include addressing several 
major dams and multiple smaller obstructions. DWR’s State Water Project 
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and Reclamation’s Central Valley Project are leading efforts to improve 
fish passage at Keswick, Shasta, Folsom, Nimbus, New Melones, Tulloch 
and Goodwin dams. These two programs are responding to the biological 
opinion and conference opinion for the long-term operations of the CVP 
and SWP (NOAA Fisheries, 2009b), which requires Reclamation, with 
DWR’s assistance, to determine the feasibility of providing fish passage at 
these dams by 2018. If it is determined to be feasible, Reclamation, with 
DWR’s assistance, will construct fish passage facilities at those sites by 
2020.  

Other non-SPFC projects in the moderate term, high biologic importance 
category include providing fish passage at Webster Dam, Sack Dam, 
Englebright Dam, New Bullards Bar Dam, and numerous smaller barriers 
in the Calaveras River system.  

In addition to the actions of high biological importance (NOAA Priority 1) 
above, five other passage improvements of moderate importance (NOAA 
Priority 2) also need to be worked on in the next 10 years. These 
improvements are at Tisdale Weir (SPFC facility) and at the following non 
SPFC facilities: One Mile Dam (Big Chico Creek), Daguerre Point Dam 
(Yuba River), Crocker Diversion Dam (Merced River), and Mendota Pool 
Dam and Diversion.  

NOAA also identifies other passage improvements of lower biological 
importance (Priority 3) that could be worked on in the next 10 years. The 
four SPFC facilities are Colusa Weir, Big Chico Flood Control, Sand 
Slough Control Structure, and Cache Creek Settling Basin. Non-SPFC 
facilities include New Hogan Dam and over 100 other barriers in the 
Statewide Planning Area.  

The full list of known and potential barriers that should be fixed and/or 
assessed within the Systemwide Planning Area in the next 10 years is in 
Attachment 9C.2, Table 9C.2-3. 

 Interim Prioritization Results – Long Term 7.3.4
Long term (more than 10 years) actions are to improve fish passage at 
thirteen other major dams in the Statewide Planning Area (Attachment 
9C.2, Table 9C.2-4). Although they are not SPFC facilities, the dams of 
highest biological importance (NOAA Priority 1) are Camanche Main, 
Pardee, Don Pedro Main, and La Grange dams. Dams of moderate 
biological importance (Priority 2) for this time frame include three SPFC 
dams (Oroville Dam and  Thermalito Diversion and Afterbay) and four 
non-SPFC dams (Black Butte, Exchequer, Friant, and McSwain dams). 
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Improving fish passage at these sites is a long-term goal because there are 
no regulatory deadlines tied to the actions, additional funding will be 
required to complete the work, and substantial stakeholder involvement and 
cooperation is needed to make the effort a success. To initiate these actions, 
DWR can seek opportunities to: 

• Incorporate fish passage evaluations at SPFC structures in water supply 
planning studies 

• Participate in interagency/stakeholder forums evaluating fish passage at 
these sites or on these rivers (Yuba River Multi-Part Forum, Calaveras 
River, etc.) 

• Identify funding to support DWR staff and/or contracts to coordinate 
and carry out the evaluations 

• Develop and implement a plan, with assistance from State and federal 
agencies and other stakeholders, for addressing feasibility of fish 
passage at these structures in a comprehensive and strategic manner. 
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8.0 Possible Solutions for Fish 
Passage at Large Dams 

Numerous known fish passage barriers have been identified within the 
Systemwide Planning Area. More than 150 of these barriers are small 
dams, road culverts, or low-water road crossings, and the technologies used 
to provide fish passage at these types of barriers are well known. Providing 
fish passage at the 25 large dams identified in this report is more of a 
challenge. The technologies used at smaller structures, such as fishways, 
have been tried, often with mixed success. In addition, other technologies 
have been developed to handle passage over high structures, such as locks 
and lifts, but these have had limited success. 

In the northwest United States, many large dams have fish passage for 
upstream and downstream migrants, and more will follow through the 
Federal Energy Regulatory Commission (FERC) relicensing process and 
NOAA Fisheries biological opinions. In California, all of the large dams, 
such as Shasta or Oroville, were constructed without upstream or 
downstream fish passage. Instead, hatcheries were built to compensate for 
lost habitat for salmonid species. In addition, since the dams at major 
reservoirs that ring the Central Valley did not provide passage, many of the 
hydropower facilities located at higher elevations were not provided with 
fish passage either (CEC, 2005). Providing fish passage at large dams 
would be a new effort within California, and it is further complicated by 
the disagreement among State and federal agencies on whether it is prudent 
or even possible to do so. 

As an initial step, DWR’s Fish Passage Improvement Program has 
developed a report investigating fish passage at large dams.  The report, 
Technologies for Passing Fish at Large Dams, is divided into three major 
sections. The first section, Problems with Dams, gives the reader a basic 
understanding of the problems that dams create for migratory fish, 
especially salmon and steelhead. The second section, Types of Fish 
Passage Technologies, provides a general overview of fish passage 
technologies. The third section, Fish Passage Case Studies, describes 
specific fish passage technologies being used at large dams around the 
world. 

The case studies describe in detail the upstream and downstream 
technologies used at specific dam projects throughout the world. They 
provide a general overview of the project, the history of fish passage at the 
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project, and the current upstream and downstream technologies being used. 
The dams were generally chosen because of the height that the technology 
overcomes, the uniqueness of the technology, the possible relevance to 
projects in California, or because the passage facility was recently 
constructed. Dams with fish passage facilities to be constructed are also 
included. The aim was to include all the various methods used for fish 
passage at large dams. In addition, case studies of large dams that have 
been or soon will be removed were included. All dam heights listed refer to 
hydraulic height unless otherwise noted. 

For this document, short summaries of the case studies are provided. The 
summaries are grouped by passage direction, upstream or downstream, and 
further into volitional and non-volitional passage. Volitional fish passage, 
such as fishways for upstream migrants and fish bypasses for downstream 
migrants, is fish passage made continuously without collection and 
transport (NMFS, 2008). Therefore, these types of passage facilities let the 
fish choose when to move past a dam, as they provide a constant hydraulic 
connection from the reservoir upstream from the dam to the river 
downstream from the dam. Other technologies rely on humans or machines 
to provide assistance in the passing of fish. Examples of these technologies 
are lifts, locks, and trap and transport. These technologies do not have a 
constant hydraulic connection, and may take hours for one “load” of fish to 
be moved. 

In general, NOAA Fisheries prefers volitional passage, as opposed to 
collection and transport, for all salmonid passage facilities. This is mainly 
due to the risks associated with handling and transporting migrating 
salmonids, and the long-term uncertainty of funding, maintenance, and 
operation of these types of programs. Further, collection and transport 
programs may not operate at the start and end of migration periods because 
there are only a few individual fish present. This practice is likely to have 
an adverse effect on salmon population diversity. In contrast, volitional 
passage facilities operate every day, year round. However, there may be 
locations where collection and transport may be the best option for fish 
passage, due to height of the dam, possible temperature issues with a long 
fishway, or passage being needed past multiple dams (NMFS, 2008). 
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8.1 Large Dams with Volitional Upstream 
Passage 

 Fishways 8.1.1
Fishways are the only method to volitionally pass fish over a dam. Styles of 
fishways are nature-like (made with rock and other natural materials), and 
baffle- and pool-type (fish ladders). There are not many dams with 
hydraulic heads above 100 feet that have fishways. Two hydroelectric 
projects with fishways to circumvent higher heads are in Oregon, the 
Pelton Round Butte Project (230 feet) on the Deschutes River and the 
North Fork Project (200 feet) on the Clackamas River. The North Fork 
Project also has a new fishway at River Mill Dam. The nine most 
downstream dams on the Columbia River and the four dams on the lower 
Snake River all have fishways. Finally, a fishway will be constructed at the 
Carmen-Smith Project’s Trailbridge Dam on the McKenzie River in 
Oregon. Examples of fishways at projects outside of the United States are 
the Itaipu Hydroelectric Project in South America and the Tongland 
Hydroelectric Project in Scotland, which are described later in this section. 

Pelton Round Butte Hydroelectric Project – Deschutes River, Oregon 
Portland General Electric’s (PGE) Pelton Round Butte Project consists of 
three dams (listed from downstream to upstream), 25-foot-high 
Reregulating Dam, 204-foot-high Pelton Dam, and 425-foot-high Round 
Butte Dam, on the Deschutes River (PGE and CTWSRO, 2004). The 
project’s 2.84-mile-long pool and weir fishway were built in 1957 and 
passed fish from below the Reregulating Dam to above Pelton Dam, a 
hydraulic vertical gain of approximately 230 feet (Ratliff et al., 1999). The 
fishway was only partially successful at passing adult salmonids during the 
initial years of the project and is not currently being used for passage. The 
exact cause of fishway rejection is unknown, but it is thought that 
vegetative growth in the fishway during the late spring and summer 
(including the 0.5-mile-long canal section that develops emergent 
vegetation), not only changed the water chemistry, but also changed the 
odor fish encountered when entering the fishway. To the adult migrants 
that wanted to pass, the fishway smelled like a tributary to which they were 
not cued (Don Ratliff, personal communication, October 7, 2010). The 
lower 600 feet of the fishway is currently used in the project’s collection 
and transport operation, and upper portions of the fishway are used for the 
rearing of hatchery produced salmonid fry (Ratliff and Schulz, 1999). 

North Fork Hydroelectric Project – Clackamas River, Oregon 
The North Fork Project’s 1.7-mile-long pool and weir fishway passes 
Chinook and Coho salmon, and steelhead up about 200 vertical feet from 
below Faraday Dam to above North Fork Dam (Taylor, 1999). It is the 
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longest operating fishway in the world (PGE, 2011).  Until 1998, fish could 
travel unimpeded up the entire length of the fishway to exit above North 
Fork Dam (PGE, 1999). Currently, all fish are trapped approximately 600 
feet up the fishway and all wild salmonids are either returned to the 
fishway to continue upstream or trucked above North Fork Dam. All 
hatchery returns are recycled downriver or used for fishing opportunities 
(Bartlett, 2006). From 1988 through 1998, 66 percent of Chinook salmon 
entering the fishway passed its entire length and 34 percent volitionally 
entered the fish trap (PGE, 1999). Flows in the upper portion of the fishway 
are maintained at about 43 cubic feet per second (cfs), with provisions at 
the fishway entrance to increase flows to about 140 cfs to attract fish 
(Gunsolus and Eicher, 1970 in PGE, 1999). The fishway exit structure into 
North Fork Reservoir was designed to accommodate 19 feet of variation in 
the forebay. 

The North Fork Project also has a newly constructed fishway at River Mill 
Dam, just a couple of miles downstream from Faraday Dam. The River 
Mill Dam fishway was completed in 2006 and is a Half Ice Harbor pool-
and-weir-type, which passes fish over the 70-foot-high dam. Typical pools 
in the fishway measure 6 feet wide by 10 feet long by 6.5 feet deep.  The 
fishway has two entrances, a primary entrance next to the powerhouse 
discharge and a secondary one adjacent to the spillway. The fishway has 
many 180 degree bends as it snakes its way up the right bank of the river. 
Flow in the fishway ranges from about 20 cfs to 24 cfs.  Early observations 
of the fishway showed no concentrations of fish or unusual behavior, and 
fish appeared to pass the fishway with little effort (Bartlett and Cramer, 
2006). 

Carmen-Smith Hydroelectric Project – McKenzie River, Oregon 
Eugene Water and Electric Board is designing a fishway for the Carmen 
Smith Project’s Trailbridge Dam on the McKenzie River. The fishway will 
be a Half Ice Harbor-type and will aid the passage of spring-run Chinook 
salmon, bull trout, coastal cutthroat trout, and Pacific lamprey. The fishway 
entrance will be on the right bank of the river just downstream from a new 
tailrace barrier. The fishway will consist of pools and transport channels, 
and is designed to overcome a maximum of 86 feet of water surface 
differential between the reservoir at full pool and the river downstream 
from the new tailrace barrier.  It has 9-inch steps between each pool to 
accommodate non-anadromous (resident) fish. The number and 
configuration of the pools is still to be determined, but the types of pools 
that will be used have been determined.  The majority of the pools 
(approximately 113) will be standard size (8 feet wide by 9 feet long), but 
some may be replaced by long pools (8 feet wide by 11 feet long) to reduce 
the total length of transport channel.  In addition, there may be some resting 
pools (8 feet wide by 13.5 feet long) to break up long lengths of transport 
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channel. There will be 16 exit pools, to handle the 12 feet of reservoir 
fluctuation, which are designed with 45-degree beveled gates that exit into 
the reservoir. Within the fishway there will also be several hundred feet of 
transport channel, constructed of concrete in a rectangular cross section (3 
feet wide by 4.33 feet deep). The velocity in the transport channels will be 
2 feet per second and the design flow for the fishway is 26 cfs.  (Andrew 
Talabere, Personal Communications, August 24, 2010, and October 20, 
2010). 

Columbia and Lower Snake Rivers – Washington/Oregon 
All of the nine Columbia River dams downstream of the Chief Joseph Dam 
(River Mile 545) and the four lower Snake River dams have fishways. 
Hydraulic head at the dams ranges from 40 feet to 105 feet. All but Lower 
Granite Dam and Little Goose Dam, the uppermost dams on the lower 
Snake River, have multiple fishways, mainly of the pool-and-weir type 
with orifices. The fishways are generally arranged with one near each bank 
of the river. The fishway passage success rate for adult salmonids is 
generally about 95 percent (USACE, 1997). 

Itaipu Hydroelectric Project – Parana River, Brazil/Paraguay 
The approximately 6.2-mile-long fishway at Itaipu Dam is the longest of its 
kind in the world.  The fishway is composed of multiple sections, including 
a nature-like fishway using an existing river channel, fish ladders, and 
artificial pools.  The elevation gain from the bottom to the top of the 
fishway is 394 feet and the mean flow through the fishway is 424 cfs.  
There are 11 gates that are used to control water discharge through the 
fishway system.  From the opening of the fishway in December 2002 to 
January 2010, there have been 135 species of fish found throughout the 
fishway; this includes about 40 species of long- and medium-migratory-
distance fish (Fernandez, 2010).  Studies have shown, however, that the 
number of species found in the uppermost reaches of the canal decreased 
significantly compared to the lowest reach, which suggests that many 
species are not able to navigate all reaches of the fishway system (Makrakis 
et al., 2007). 

Tongland Hydroelectric Project – River Dee, Scotland 
The pool-type fishway at Tongland Dam was constructed during the time 
of dam construction and was completed in 1934.  The total elevation gain 
provided by the fishway is approximately 69 feet.  In 1960, improvements 
to the fishway were made to convert the access between pools from orifices 
to overflow weirs in most locations.  Some orifices are still in use in the 
fishway.  In 1999, baffles were installed in the upper pools of the fishway 
to make it easier for Atlantic salmon to pass.  The total flow released 
through the fishway is approximately 9 cfs year-round, with an additional 
28 cfs released from the dam during the period of salmon migration.  A 
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Vaki Riverwatcher fish counter is installed in one of the resting pools to 
record adult salmon ascending the fishway. 

From 2006 to 2008, a Passive Integrated Transponder (PIT) tag study was 
done by Galloway Fisheries Trust, Dee District Salmon Fishery Board, and 
Marine Scotland Science, to identify any problems with the fishway.  Fish 
were tagged downstream from the fishway in a fish trap adjacent to 
Tongland Power Station and PIT detectors were located throughout the 
fishway.  Of the 44 fish that were tagged, 35 percent were recorded at the 
lowest PIT detector at the fishway.  It was found that fish moved through 
the fishway exclusively during daylight hours.  Data analysis also showed 
that salmon that entered the fishway moved through it within 2 days.  Some 
tagged fish were not recorded at the fishway, so further study needs to be 
done to determine the cause of this (Galloway Fisheries Trust and The 
Carnie Consultancy, 2010). 

8.2 Large Dams with Non-Volitional Upstream 
Passage 

Non-volitional upstream passage at large dams can be achieved by several 
methods, including lifts, locks, and collection and transport. These methods 
are used where vertical passage heights are excessive or when passage is 
needed for species that do not readily use fishways (CEC, 2005). 

Fish lifts move fish over a barrier by mechanical means. Fish locks are 
devices that raise fish over dams, similar to the way boats are raised in a 
navigation lock. In North America, fish lifts have been preferably used over 
fish locks to pass fish over high dams (Clay, 1995). At Keswick Dam on 
the Sacramento River, a fish lift is used as part of a collection and transport 
facility. Locks built at dams on the Columbia River (Bonneville, The 
Dalles, and McNary) and at other locations in the United States were 
abandoned in favor of pool-type fishways. Likewise, most locks in France 
are considered to be unsuccessful and some have been replaced by pool-
type fishways (Larinier, 2000). 

Collection and transport operations have been used successfully for moving 
adults upstream from long reservoirs or multiple reservoirs. This 
technology has also been used for interim passage until construction of 
other fish passage technologies, such as fishways or lifts, is completed. At 
high-head dams, collecting and transporting adult migrants may be the only 
feasible passage method. A potential benefit of this type of system is that it 
needs much less flow than pool-type ladders, which may make it the most 
feasible fish passage option for drought periods in California (CC, 2005). 
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In the Pacific Northwest, most projects at high-head dams (greater than 100 
feet) are or will be using the collection-and-transport method to move adult 
migrating salmonids upstream from a dam or multiple dams. Examples 
include the Baker River, Cowlitz River, Lewis River, Pelton-Round Butte, 
Cougar, Cle Elum, and Cushman projects. 

 Lifts 8.2.1

Touvedo Dam – Lima River, Portugal 
At 140-foot-high Touvedo Dam on the Lima River, a fish lift is used for 
passing Atlantic salmon, sea trout, and other fish species. No other fish 
passage technologies were considered during the development of the 
project. There are three entrances to the lift located within the tailrace of 
the powerhouse.  A maximum attraction flow of 159 cfs is evenly 
distributed among the three entrances; velocities in the entrances range 
from 5.5 feet per second to 8.2 feet per second. More detailed information 
about the fish lift was not available. 

A study in the late 1990s found that cyprinids (Iberian nase, Iberian barbell, 
Iberian dace, Iberian red roach), salmonids (brown trout and Atlantic 
salmon), and European eel used the fish lift to pass upstream (Santos et al., 
2002). Velocities within the entrance channel were within the ranges of 
critical swimming speeds for fish (Larinier, 1992, as cited in Santos et al., 
2002). Cyprinids used the lift more often at night, while trout and eels 
passed during the day. 

Keswick Dam – Sacramento River, California 
At 118-foot-high Keswick Dam, the fish trapping facilities are located in 
the center of the dam, between the powerhouse and the spillway. The 
facilities consist of a pool-type fishway, a brail lift, and a 1,000-gallon 
elevator. After fish ascend the fishway, they pass through a fyke weir and 
are contained in a large fiberglass brail enclosure. The brail is raised and 
trapped fish are directed into a 1,000-gallon fish tank elevator that 
transports them up the face of the dam. At the top of the dam, the tank is 
dumped into a fish transport truck. 

 Locks 8.2.2

Ardnacrusha Hydroelectric Project – River Shannon, Ireland 
In 1959, a Borland-MacDonald fish lock was constructed at Ardnacrusha 
Dam to provide upstream passage of adult Atlantic salmon.  The average 
working head is approximately 94 feet.  The lock at Ardnacrusha is 
different from the typical Borland lock because it has a vertical cylindrical 
chamber as opposed to the typical sloping chamber.  Fish enter the base of 
the 15-foot-diameter cylinder, the downstream gate shuts, and water fills 
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the cylinder until the fish are raised to the forebay level.  Attraction flow is 
provided by a 27-inch-diameter pipe that has two branches, one dispersing 
water at the base of the cylinder and the other discharging through nozzles 
outside of the gate entrance. 

Baker River Hydroelectric Project – Washington 
See Section 8.2.3 Collection and Transport for a description of the lock 
used at Puget Sound Energy’s (PSE) adult fish collection facility on the 
Baker River. 

 Collection and Transport 8.2.3

Baker River Hydroelectric Project – Washington 
In 2010, PSE completed construction of an adult fish collection facility 
downstream from Lower Baker Dam near the town of Concrete, 
Washington.  The facility replaces the original trap that was built in 1958. 
The new fish trap is highly automated.  Fish enter a fish lock seven feet in 
diameter and 60 feet tall, which raises fish from the river level to the 
facilities on the river bank. There is a programmable control system and 
operator’s booth for sorting fish by species and separating them into six 
holding pools. From the holding pools, fish are transferred to trucks via 
automated systems with minimal handling of fish. (PSE, 2010) 

Cle Elum Dam Project – Yakima River, Washington 
At 124-foot-high Cle Elum Dam on the Yakima River in Washington, 
Reclamation is planning to build a collection-and-transport system. A 
fishway will lead adult migrants into a collection facility where they will be 
held for truck transport to locations in and upstream from the reservoir. 
Flows in the fishway will be less than 10 cfs and will come from the stilling 
basin downstream from the dam. The target species for passage are 
sockeye, Coho, and Chinook salmon, steelhead, and bull trout 
(Reclamation, 2010). 

Cougar Dam Project – South Fork McKenzie River, Oregon 
Cougar Dam is a 467-foot-high structure on the South Fork McKenzie 
River in Oregon. USACE completed a $10.4 million adult fish collection 
facility in 2010 as part of their collection-and-transport system. The facility 
uses a Half Ice Harbor fishway to get fish to the collection facility. Water 
pumped from the tailrace of the power plant is used at the facility and in the 
fishway. At the facility, spring-run Chinook salmon, bull trout, and resident 
fish species are sorted and then loaded onto trucks for transport to locations 
above Cougar Reservoir. Rather than crowding fish mechanically, the 
facility was designed to let fish make their own way up the fishway and 
into the truck tank with as little impediment as possible. The goal is to get 
at least 1,000 adult spring-run Chinook salmon into the upper watershed 
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each year (Palmer, 2010). That goal has not been reached as of yet, but the 
USACE has passed several hundred spring-run Chinook salmon as well as 
hundreds of resident species. Aside from a few minor issues, the facility is 
working well (Greg Taylor, Personal Communication, November 7, 2011). 

Cowlitz River Hydroelectric Project – Washington 
Tacoma Power uses the Cowlitz River Hydroelectric Project to generate 
power, and provide flood protection, water supply, and recreational 
opportunities.  It includes two large dams (listed from downstream to 
upstream), 230-foot-high Mayfield Dam and 529-foot-high Mossyrock 
Dam, located on the Cowlitz River in Washington State. A third large dam 
on the river, just upstream from Riffe Lake (Mossyrock Dam’s reservoir) is 
Lewis County Public Utility District’s 120-foot-high Cowlitz Falls Dam 
(FERC, 2002), the only dam in its Cowlitz Falls Project. Tacoma Power 
uses a collection-and-transport system to pass spring- and fall-run Chinook 
salmon, coho salmon, and steelhead past the dams and reservoirs. 
Migrating adults are collected at the Cowlitz Salmon Hatchery and Cowlitz 
Trout Hatchery downstream from Mayfield Dam and sorted by species and 
destination. Hatchery fish are kept at the hatchery to produce the next 
generation of salmon or trucked upstream. Wild salmon are transported to 
sites on the Tilton, Cowlitz, and Cispus rivers to continue their upstream 
migration (Tacoma Power, 2010a). The number of adults (Chinook salmon, 
coho salmon, steelhead trout, and cutthroat trout) annually transported 
upstream in the last eight years ranges from 18,000 to 112,000 (Tacoma 
Power, 2004, 2006, 2008, 2009, 2010b). 

Cushman Hydroelectric Project – Skokomish River, Washington 
Tacoma Power’s Cushman Hydroelectric Project is located on the 
Skokomish River in Washington. It consists of two dams (listed from 
downstream to upstream), 215-foot-high Cushman No. 2 and 250-foot-high 
Cushman No. 1. Through Federal Energy Regulatory Commission (FERC) 
relicensing, Tacoma Power developed an Upstream Fish Passage Plan in 
2010. From the plan, a fish collection trap will be constructed at the base of 
Cushman No. 2 Dam.  Flows between 70 cfs and 280 cfs will pass through 
the new North Fork Powerhouse at the base of Cushman No. 2 Dam and 
into the trap, providing holding water and attraction flows at the trap 
entrance. Fish will be attracted or crowded into a hopper and then lifted to 
the top of the dam via a railed tramway. At the top of the dam, fish will be 
sorted and loaded onto trucks to be transported to hatcheries or Lake 
Cushman upstream from Cushman Dam No. 1 (Tacoma Power, 2010c). 

Lewis River Hydroelectric Project – Washington 
PacifiCorp’s Lewis River Project consists of three main dams (listed from 
downstream to upstream), 230-foot-high Merwin Dam, 309-foot-high Yale 
Dam, and 400-foot-high Swift No. 1 Dam, on the Lewis River in 
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southwestern Washington (NMFS, 2006). Through FERC relicensing and 
their 2004 Settlement Agreement, PacifiCorp will provide upstream and 
downstream passage at project dams. Adult spring-run Chinook and Coho 
salmon, and winter-run steelhead will be trapped below Merwin Dam and 
transported by trucks upstream from Swift No. 1 Reservoir. Hatchery fish 
will be initially used to kick-start the reintroduction program and over time, 
and as naturally produced fish increase in number, hatchery 
supplementation will be tapered off (PacifiCorp, 2004).  The fish collection 
facility will consist of new fish trap entrances with increased attraction 
flow, a new fish lift, and holding, sorting, marking, sampling, and truck-
loading areas that will use water-to-water fish transfer protocols. The final 
design for the facility is completed, and construction is planned to begin in 
2012 (R2, 2011). 

Pelton Round Butte Hydroelectric Project-Deschutes River, Oregon 
PGE’s Pelton Round Butte Project consists of three dams (listed from 
downstream to upstream), 25-foot-high Reregulating Dam, 204-foot-high 
Pelton Dam, and 425-foot-high Round Butte Dam, on the Deschutes River 
(PGE and CTWSRO, 2004). The project has a fish trap built in 1956 and 
located below the Reregulating Dam, which was originally constructed to 
collect fish for passage around the construction activities at the 
Reregulating and Pelton dams. It has been used since 1972 for collecting 
upstream migrants for transport to the Round Butte Hatchery at the base of 
Round Butte Dam (Ratliff et al., 1999; ODFW, 2010). 

Since 2007, steelhead and spring-run Chinook fry from the hatchery have 
been annually released upstream from Lake Billy Chinook, the reservoir 
formed by Round Butte Dam. Fry will be released every year until adults 
start being transported to the upper watershed. PGE completed a 
downstream migrant collection facility in December 2009, and, as of 
September 2010, had collected and transported nearly 100,000 juvenile fish 
(PGE, 2010). 

Upstream passage for adult migrating salmonids has not begun yet, but is 
tentatively scheduled to start in 2012. That is when adults that originated in 
the upper watershed from the fry releases should return (Don Ratliff, 
personal communication, October 7, 2010). The returning adults will be 
collected at the Pelton Fish Trap and trucked to Lake Billy Chinook. To get 
ready for their release into Lake Billy Chinook, a facility, consisting of a 
concrete fish release vault positioned near the shore with a truck access 
point, was constructed in 2010 (PGE and CTWSRO, 2009; Don Ratliff, 
personal communication, October 7, 2010). 
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8.3 Large Dams with Volitional Downstream 
Passage 

Typically, downstream migrants can pass a dam by three methods: 
turbines, spillways, or bypass systems (USACE, 2002). In addition, 
juvenile migrants can pass dams by using the fishways or navigation locks, 
but, since the percentage of fish passed by these methods is very small, 
DWR did not discuss them in the report. 

 Turbine Passage 8.3.1
One of the goals of downstream fish passage is to keep fish from passing 
through turbines. Studies of juvenile salmon have shown that fish 
reluctantly, after delays in the forebay, enter the turbine intakes.  Even 
then, these fish seek refuge in the gatewells, slots used for inserting solid 
barriers that keep water from entering the turbines during maintenance 
(Coutant et al., 2006). Fish that do pass through turbines can become 
injured or die by a number of mechanisms. These include rapid and large 
pressure changes, shear stresses, cavitation, turbulence, collision with 
turbine parts, and squeezing through narrow openings between moving and 
fixed parts (Cada, 2001). 

The survival of fish during turbine passage is influenced by the size and 
type of turbine, speed of revolution, hydraulic head, and mode of operation, 
as well as the characteristics of the fish, such as species, size, life stage, and 
condition (CEC, 2005). 

Two types of turbines are generally used at large dams, Francis and 
Kaplan.  The mortality rate for juvenile salmonids passing through Francis 
and Kaplan turbines varies greatly, from under 5 percent to more than 90 
percent in Francis turbines, and from under 5 percent to approximately 20 
percent in Kaplan turbines (FAO, 2001). The large Kaplan turbines at the 
mainstem Columbia and Snake River dams have an average survival rate 
(including both direct and indirect effects) of about 88 percent (Cada, 
2001). Studies show that a correlation exists between peripheral turbine 
blade velocity and fish mortality for the Francis design but not the Kaplan 
design (EPRI, 1987). Fish size also affects mortality rate, as larger fish 
have a greater chance of colliding with turbine parts (OTA, 1995). 

At California’s large dams, Francis turbines are commonly used. For 
example, the Shasta and Keswick (Sacramento River), Folsom (American 
River), Narrows 2 (Englebright Dam on the Yuba River), New Melones 
(Stanislaus River), and Hyatt (Oroville Dam on the Feather River) power 
plants all have Francis-type turbines (Reclamation, 2011). 



2012 Central Valley Flood Protection Plan 
Attachment 9C: Fish Passage Assessment 

8-12 January 2012 
 Public Draft 

 Spillway Passage 8.3.2
One way to keep fish out of turbine intakes is to pass them at a spillway. 
Since their reservoir capacities are small, spillways are often used to pass 
excess water at the Colombia and lower Snake River dams. These dams can 
also be operated to use their spillways to pass fish by not passing as much 
water through their power plants. But since large hydropower generation, 
flood management, water storage dams in California do not use their 
spillways except to pass excess water when their reservoirs are full, fish 
passage at these types of spillways is not a viable option. 

 Bypass Systems 8.3.3
The final type of volitional downstream passage is the bypass system. 
These are constructed exclusively for fish passage, but can be 
modifications of other structures such as an ice-and-trash chute, and 
generally consist of a barrier to guide the fish over to a pipe or flume in 
which the fish and water flow to an outfall point downstream from the dam. 

Some of the Columbia River dams, such as Rocky Reach and Bonneville, 
have bypass systems that pass fish to the river below the dam. In addition, 
some larger flood control, water storage projects, such as the Cowlitz River 
and North Fork projects, also use bypasses leading directly to the river 
downstream. 

Rocky Reach Hydroelectric Project – Columbia River, Washington 
The permanent surface collection system at Rocky Reach Dam was 
completed in 2003.  It includes 29 pumps to create a strong attraction flow 
into the collector.  There are two entrances into the surface collector with 
3,000 cfs of flow per entrance.  After entering one of the two surface 
collector channels, flow is dewatered through fine screening from 3,000 cfs 
down to 120 cfs.  The flow from the collector channels enters into the 
bypass pipe.  Vertical barrier intake screens in two of the turbine units also 
deliver 120 cfs of flow and fish into the bypass pipe.  The water and fish 
are transported in the bypass pipe several hundred yards downstream from 
the dam where they are released into the river.  The total design, 
engineering, and construction costs for the system were $107 million 
(Hemstrom, 2010a).  

The bypass efficiency (proportion of smolts using the bypass compared to 
turbines and spillway) is 50 percent to 70 percent for steelhead, 40 percent 
to 50 percent for sockeye, and 40 percent to 47 percent for Chinook.  Smolt 
survival studies have shown that smolts are averaging 99.9 percent survival 
through the bypass system (Hemstrom, 2010b). 
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Bonneville Hydroelectric Project – Columbia River, 
Washington/Oregon 
The second powerhouse at Bonneville Dam has a juvenile bypass system.  
Fish are screened within the powerhouse and are diverted into a 48-inch 
transport pipe that transports fish downstream from the dam.  In 2004, a 
corner collector was built at the second powerhouse to augment the 
juvenile bypass system.  The corner collector was designed to operate over 
flows of 3,375 to 6,570 cfs.  Roughly 30 percent of all downstream 
migrants that pass through Bonneville Dam go through the corner collector 
(BPA, 2006).  The corner collector was created by modifying the existing 
ice-and-trash chute intake area and adding a concrete channel to transport 
fish downstream from the powerhouse. The non-turbine routes are 
estimated to pass about 90 percent of all juvenile fish at the Second 
Powerhouse with an estimated survival rate exceeding 95 percent 
(Salmonrecovery.gov, 2004). In 2008, a prototype Behavioral Guidance 
System (BGS), 700 feet long and 10 feet deep, was installed in the forebay 
of the second powerhouse.  The purpose of the BGS was to increase the 
passage of juvenile salmon into the corner collector.  Studies were 
implemented to evaluate the effectiveness of the prototype BGS. 

North Fork Hydroelectric Project – Clackamas River, Oregon 
Portland General Electric uses a fishway and a bypass pipe to pass 
downstream migrants past all three of its dams. Smolts migrating 
downstream from the upper Clackamas River encounter North Fork Dam, 
the uppermost dam for the Project, and enter a collection system that passes 
them into the project’s 1.7-mile-long pool and weir fishway. The juvenile 
fish travel about 1.5 miles down the fishway to a separator, which diverts 
them into a holding tank where they are identified and counted. Fish are 
then released into a 20 inch pipe that carries them downstream about five 
miles where they are released into the river below River Mill Dam (PGE, 
2011). 

Cowlitz River Hydroelectric Project – Washington 
At Tacoma Power’s Cowlitz River Project, a downstream migrant bypass 
facility passes fish around 230-foot-high Mayfield Dam. The facility was 
constructed in the early 1960s and consists of two vertical louver intake 
structures that funnel fish into a bypass channel. The bypass channel then 
directs the fish to a secondary separator, where they are guided through the 
dam to a holding and counting facility, then emptied into the river below 
the powerhouse using a pipe and chute (NOAA Fisheries, 2004). The 
bypass annually passes an estimated 25,000 to 250,000 salmonid smolts 
(Zapel et al., 2002). 
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8.4 Large Dams with Non-Volitional Downstream 
Passage 

 Collection and Transport 8.4.1
Collection and transport is the method for non-volitional downstream 
passage at large dams. At the dams on the Columbia and lower Snake 
rivers, downstream migrants are sometimes collected and transported 
downstream from the lowest dam on the Columbia River. At high flood 
control, water storage dams, collection and transport is becoming the main 
method for downstream passage. At some dams, downstream migrants are 
collected at a screening facility attached to the intake of the power plant.  
At other locations, the floating surface collector (FSC) has emerged as a 
preferred method to pass downstream migrants. PSE completed its FSC at 
Upper Baker Dam in 2008, and since then, many other entities have 
followed in its footsteps. Tacoma Power is currently designing an FSC for 
its Cushman Hydroelectric Project on the Skokomish River and will most 
likely do the same to improve downstream passage on the Cowlitz River.  
In addition, PacifiCorp is currently designing an FSC for its Lewis River 
Hydroelectric Project. Finally, USACE is looking at a FSC as an alternative 
for downstream passage at Cougar Dam on the South Fork McKenzie 
River. 

Lower Granite Dam – Snake River, Washington 
For downstream passage at 100-foot-high Lower Granite Dam on the 
Snake River, one of the methods used is a collection-and-transport system. 
Fish enter a bypass system through one of 18 bulkhead slot orifices located 
at the upstream powerhouse intake. Fish pass into a collection channel, 
move down the collection channel and pass through a downwell into a 42-
inch pipe that transports them 1,700 feet downstream to a holding and 
loading facility. At the facility, fish are separated and can be loaded onto a 
truck or barge to be transported approximately 285 river miles downstream 
to be released below Bonneville Dam, the furthest downstream dam in the 
system (USACE, 2010). 

Pelton Round Butte Hydroelectric Project – Deschutes River, Oregon 
PGE’s Pelton Round Butte Project consists of three dams (listed from 
downstream to upstream), 25-foot-high Reregulating Dam, 204-foot-high 
Pelton Dam, and 425-foot-high Round Butte Dam, on the Deschutes River 
(PGE and CTWSRO, 2004). In December 2009, the construction of a 
Selective Water Withdrawal Tower and its associated fish collection 
facility was completed at a cost of $108 million. The fish collection facility 
sits at the top of the tower and captures downstream migrant salmonids 
attempting to emigrate from Lake Billy Chinook, the reservoir created by 
Round Butte Dam. Through the primary downstream migration period 
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(February to June), nearly all the water used for generation at the Round 
Butte Powerhouse will be withdrawn from the surface of the reservoir 
through the fish screening facility. The facility uses large v-shaped screens 
for primary screening. The fish are captured, separated into four size 
categories, and distributed into separate holding, processing, and release or 
loading facilities. Most of the collected fish are transported by truck about 
10 river miles downstream for release below Reregulating Dam (Ratliff et 
al., 2009). 

Baker River Hydroelectric Project – Washington 
Baker River Hydroelectric Project’s $50 million FSC was completed in the 
spring of 2008.  It is the primary facility for downstream passage of 
outmigrating juvenile salmonids from Baker Lake to the Skagit River.  The 
FSC is a 130-foot-by-60-foot barge located upstream from Upper Baker 
Dam, and is outfitted with conventional v-screens within a floating channel 
with attraction flow created by pumps.  The FSC has the capacity for 1,000 
cfs attraction flow, but currently only provides 500 cfs. Guide nets that help 
funnel fish into the FSC are located on both sides of the collector and 
extend from the FSC to the opposing lake shores.  The FSC also includes 
fish holding tanks and a sampling facility.  Fish are transported by barge 
from the FSC to loading facilities on the dam, where they are loaded onto 
flatbed trucks or trailers for transport downstream from Upper Baker and 
Lower Baker dams.  Since the FSC has been in operation, record numbers 
of juvenile sockeye salmon have been collected, with an efficiency 
estimated at 90 percent to 95 percent, and transported downstream. 

8.5 Dam Removals 

The best method to provide fish passage at a dam is to remove it. While 
allowing unimpeded fish passage, dam removal also offers the restoration 
of natural processes, such as sediment, woody debris, and nutrient 
transport, and reestablishes watershed connectivity. However, it is possible 
that removing a dam can have negative effects on a watershed, such as 
removing a reliable source of cold water and allowing fish passage for 
undesirable species that were formerly blocked by the dam. 

 Removed Dams 8.5.1

Marmot Dam – Sandy River, Oregon 
Marmot Dam was located on the Sandy River about 30 miles southeast of 
Portland before its removal in 2007. Marmot Dam was 47 feet high 
(structural height) and a part of the Bull Run Hydroelectric Project, which 
generated up to 22 megawatts of power (Major et al., 2008). The dam 
originally had a fishway for passage that was frequently damaged in flood 
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events and required repairs and maintenance throughout its life (Taylor, 
1998). Through the FERC relicensing process, PGE decided that the costs 
of upgrading and maintaining the fish passage facilities outweighed the 
power revenue that the hydroelectric project generated. Marmot Dam is one 
of the largest dams (in terms of height and volume of stored sediment) to 
have been removed in the western United States. The reservoir behind the 
dam stored approximately 1,000,000 cubic yards of sediment, and its 
management was one of the main issues to be solved during the dam 
removal process. PGE chose the informally termed “blow and go” option, 
in which the dam is removed as quickly as possible with minimal prior 
removal of stored sediment. The earthen coffer dam protecting the dam 
removal site was breached on October 19, 2007, and by mid- January 2008, 
about 400,000 cubic yards of the stored sediment was eroded by the river 
(Major et al., 2008). 

Saeltzer Dam – Clear Creek, California 
Saeltzer Dam was located on Clear Creek about six miles upstream of the 
confluence with the Sacramento River before its removal in 2000. Saeltzer 
Dam was approximately 15 feet high (structural height) and 200 feet long. 
It was constructed in 1903 to divert water for agriculture and cattle 
ranching (Boyle Engineering Corp 1986).  A pool and weir fishway was 
constructed in 1958 to replace the original ladder but spring-run Chinook 
salmon and steelhead were never observed using the ladder or in upstream 
areas. Since the ladders did not appear to pass spring-run Chinook salmon 
and steelhead, the dam blocked access to 10 miles of cold water habitat 
available upstream for these species. Ten solutions for fish passage 
problems at Saeltzer Dam were evaluated for feasibility and cost 
(Rectenwald 2000). An interagency and stakeholder group ultimately 
focused on three: 1) rehabilitating the dam and installing a fish screen and 
ladder, 2) removing the existing dam and constructing a new dam with a 
ladder and screen at a new location, and 3) removing the dam and 
transferring the water rights to diversion points outside the watershed 
(Rectenwald 2000). The group selected option 3. About 13,000 cubic yards 
of sediment were excavated from behind the dam before the dam was 
removed in 2000 (Rectenwald 2000). By 2005, about 50,000 cubic yards of 
stored sediment were eroded by Clear Creek (Clayton-Niederman & 
Gilbreath 2005). Since 2001, the highest steelhead redd densities have been 
seen in the reaches upstream of where Saeltzer Dam was located (USFWS 
2007, as cited in NMFS 2009a). 

 Dams to be Removed 8.5.2

Condit Dam – White Salmon River, Washington 
Condit Dam is a 125-foot-high (structural height) barrier to fish passage on 
the White Salmon River, a tributary to the Columbia River, which was 
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removed beginning in October 2011 (Frank Shrier, Personal 
Communication, September 9, 2010). The hydroelectric project is owned 
by PacifiCorp and has a power generating capacity of 14.7 megawatts. The 
reservoir, Northwestern Lake, contains approximately 2.3 million cubic 
yards of captured sediment. Fish ladders were part of Condit’s original 
design, but these facilities washed out twice during floods in the dam’s 
early years. After the facilities washed out for the second time, the 
Washington State Fisheries Department required the former owner, 
Northwestern Electric, to contribute to construction of a state fish hatchery 
rather than rebuild the fish ladders (PacifiCorp, 2005). 

In 1996, as part of the relicensing of the hydroelectric project, FERC issued 
a Final Environmental Impact Statement, which dictated required 
conditions for continued use of Condit Dam.  Some of the conditions 
included installation of fish passage facilities and higher in-stream flows. 
With the new conditions, continuing hydroelectric operations at Condit 
Dam would have been uneconomical for PacifiCorp and its customers. 
PacifiCorp entered into a settlement process, where it was decided that it 
would shut down power generation and remove Condit Dam (PacifiCorp, 
2005). Removing the dam will open up as much as 33 miles of spawning 
and rearing habitat for anadromous salmonids (NMFS, 2006). 

Elwha River Dams – Elwha River, Washington 
Removal of Elwha and Glines Canyon dams, located on the Elwha River in 
Olympic National Park, began in fall 2011 (USDOI NPS, 2011). Elwha 
Dam is 98 feet high and is located about five miles upstream from the 
mouth of the Elwha River at the Strait of Juan de Fuca. Glines Canyon 
Dam is 200 feet high and is approximately eight miles upstream from 
Elwha Dam. Elwha Dam produces up to 14.8 megawatts of power and 
Glines Canyon dam produces as much as 13.3 megawatts (American 
Rivers, 2010). Sediment management is a significant issue in the removal 
of the dams, as Elwha Dam’s reservoir contains roughly 5 million cubic 
yards of sediment and the reservoir for Glines Canyon Dam contains 
approximately 13 million cubic yards. Much of the sediment will be slowly 
released to reduce impacts on downstream habitat (USDOI NPS, 2011). 

Since the construction of the Elwha River dams, anadromous fish 
population and habitat has declined dramatically.  With no fish passage 
facilities, these dams restrict fish from entering 90 percent of the 
watershed. Extensive environmental review in the early 1990s determined 
that removal of the dams was the only way to restore native anadromous 
fish stocks and the river's ecosystem. Removal of the dams will restore the 
river to its natural state, allowing all five species of Pacific salmon 
(Chinook, Coho, chum, pink, and sockeye) and other anadromous fish to 
reach their historic spawning and rearing habitat (USDOI NPS, 2011). 
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The Elwha River Ecosystem and Fisheries Restoration Act of 1992 stated 
that water quality on the Elwha River must be protected before dam 
deconstruction can commence. The completion of a $25.5 million water 
treatment plant in Port Angeles has initiated the beginning phases of dam 
removal (Bodilly, 2010).  Needed flood protection levee improvements and 
construction of a new fish hatchery are also currently underway (USDOI 
NPS, 2011). 

8.6 Conclusions 

As the case studies indicate, fish passage is provided at many large dams 
throughout the world. In the northwest United States, many large dams 
have fish passage and many more will follow in the next few years. Fish 
passage is provided at the lower nine Columbia River dams and the four 
Lower Snake River dams, with hydraulic heights ranging from 40 feet to 
105 feet.  At the higher flood control, water storage dams in the northwest, 
not all the large dams have fish passage, but many do or will in the near 
future. 

In Washington, 27 dams have hydraulic heads greater than 150 feet.  Of 
these, four include Grand Coulee Dam (no fish passage mainly due to its 
15-mile-long reservoir upstream) and those under the influence of the 
Grand Coulee Dam. Almost all of the others are multipurpose dams, used 
for flood control, water storage, power generation, and recreation, among 
other things. Of these 23 dams, eight are at or above a historical natural 
barrier to fish passage, leaving 15 dams where fish passage could be a 
viable option.  Of these, eight dams currently have fish passage, including 
277-foot Lower Baker Dam and 304-foot Upper Baker Dam on the Baker 
River and 230-foot Mayfield Dam and 529-foot Mossyrock Dam on the 
Cowlitz River. Of the remaining seven dams, five dams have fish passage 
projects in design and one is scheduled for removal starting in 2011, 
leaving only one dam without an active fish passage project. Collection and 
transport is the only method used (or to be used for those in design) for 
upstream passage at these large dams.  Downstream passage is 
accomplished by fish bypass or collection-and-transport facilities. 

In Oregon, fewer large multipurpose dams have fish passage. The Pelton-
Round Butte Project (with 204-foot Pelton Dam and 425-foot Round Butte 
Dam) on the Deschutes River and the North Fork Project (145-foot North 
Fork Dam, 56-foot Faraday Dam, and 70-foot River Mill Dam) on the 
Clackamas River, are the only projects with constructed facilities for both 
upstream and downstream passage. Of the eight dams in the Willamette 
River watershed with hydraulic heights greater than 150 feet, only 467-foot 
Cougar Dam on the South Fork McKenzie River and 181-foot Fall Creek 
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Dam have fish passage. Both dams have a collection-and-transport 
operation for upstream passage but no downstream passage facilities.  A 
downstream passage facility for Cougar Dam is in the planning stages and 
should be operational in the next couple of years. Through the National 
Marine Fisheries Service (NMFS) Biological Opinion for the Willamette 
Projects, upstream fish passage will be implemented in the next few years 
for those dams blocking access to the upper reaches of the watershed. 
Downstream passage will be implemented more slowly, as Cougar Dam’s 
downstream facility will be the test case for the watershed. 
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9.0 Recommendations and 
Conclusions 

This report focuses on fish passage actions that,  if implemented, could 
contribute to the recovery of anadromous fish in the Central Valley.  DWR 
identified 189 known and potential fish passage barriers in the Systemwide 
Planning Area, 14 of them components of the SPFC. If all the barriers are 
removed and/or repaired, approximately 1,500 miles16 of anadromous fish 
habitat from western edge of the legal Delta to the headwaters will become 
fully accessible for migration, spawning, and rearing. This should greatly 
increase and improve habitat connectivity and promote the recovery of 
anadromous fish populations in the Sacramento-San Joaquin River Flood 
Management System. 

9.1 Recommended Priorities for Removing Fish 
Passage Barriers 

This report identified fish passage barriers in the CVFPP Systemwide 
Planning Area and used an interim prioritization process to rank them. The 
interim ranking was conducted to meet the needs and scheduling of the 
2012 CVFPP. The Forum, a statewide interagency collaboration, is 
developing a more robust and broadly supported ranking system, but that 
system is not ready for use at this time. Once that prioritization is complete, 
the barriers identified in this report should be re-ranked using the Forum’s 
prioritization method. This will ensure that barriers within the Flood 
System are addressed in a manner consistent with the rest of the State and 
should provide interagency buy-in for CVFPP fish passage actions. 

A summary of the interim priorities for improving fish passage, especially 
at SPFC structures, is in Table 9-1. The table is divided into three main 
sections: structures that NOAA Fisheries identified as being Priority 1 and 
Priority 2 actions in the Central Valley salmonid recovery plan (NOAA 
Fisheries, 2009a), and those that were not included in the recovery plan. 
The priority is based on the geographic location and the potential for 
providing the greatest benefit for the greatest number of anadromous 
species. Structures are divided into two columns: those that are part of 
SPFC and those that are not. The time frames are based on time frames 
associated with the CVFPP investment strategy,  deadlines set by the 2009 
                                                           
16 See Attachment 9C.1 for a description of the methods used to calculate the total miles 

that would be fully accessible. 
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Biological Opinion for the long-term operations of the CVP and SWP 
(NOAA Fisheries, 2009b & 2011a),  and direction from the Central Valley 
salmonid recovery plan (NOAA Fisheries, 2009a). 

The Biological Opinion requires: 

• DWR and Reclamation to submit a plan for fish passage at Fremont 
Weir by December 2011, with implementation of the plan starting by 
June 2012. 

• DWR and Reclamation to evaluate the feasibility of providing fish 
passage at Shasta, Folsom, Nimbus, Keswick, New Melones, Tulloch 
and Goodwin dams by December 2018.  

• Reclamation to operate RBDD with gates out all year to allow 
unimpeded passage for listed anadromous fish no later than May 15, 
2012. 

The Central Valley salmonid recovery plan (NOAA Fisheries, 2009a) 
recommends that the State evaluate the feasibility of providing fish passage 
at Oroville (a SPFC structure), Black Butte, Exchequer Main, and Friant 
dams17. Providing fish passage at these structures is necessary “to prevent a 
significant decline in species population/habitat quality or in some other 
significant negative impact short of extinction.” 

DWR’s investments in improving both the Central Valley flood 
management system and its associated ecosystem will be initially 
constrained by funding from Proposition 1E, which requires a link to the 
SPFC. Thus, Proposition 1E funding decisions will focus on those barriers 
in the SPFC column, as compared to non-SPFC barriers. By focusing on 
just SPFC structures, the DWR flood management programs will contribute 
toward improvements for anadromous fish at those facilities, but not 
toward improvements at other important non-SPFC barriers. If choices 
need to be made between Priority 1 and Priority 2 barriers, managers 
should select Priority 1 structures since improvements at those structures 
will benefit the most anadromous species. 

 

                                                           
17 New Hogan Dam was originally included as a Priority 2 action in the Central Valley 

salmonid recovery plan (NOAA Fisheries, 2009a). Because the Calaveras River 
downstream of New Hogan Dam already has the potential (with passage and flow 
improvements) to support a viable steelhead population, passage upstream of New 
Hogan Dam is currently not a high priority for NOAA Fisheries (pers.com. B. Ellrott 2011). 
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As opportunities arise to use or leverage other funding that is not 
constrained to SPFC facilities, DWR should collaborate with others to 
address non-SPFC barriers. This approach will achieve the most biological 
benefit since DWR and willing partners will address all fish passage 
barriers in the Systemwide Planning Area. 

Thus, recommended priorities for CVFPP implementation would follow 
this sequence: 

• SPFC-related barriers of Priority 1 Biological Importance 

- Provide an interim passage solution at Fremont Weir (SPFC 
structure) (in cooperation with DFG and USACE) until a permanent 
passage solution is constructed 

- Develop and begin implementation (in cooperation with DFG, 
Reclamation, and USACE) of a Yolo Bypass fish passage plan, 
including Fremont Weir (SPFC structure) in 2012, as required by 
the biological opinion for the SWP and CVP (NOAA Fisheries, 
2009b & 2011a) 

- Complete installation of a new fish ladder, and evaluate the ladder 
to confirm it operates to NOAA Fisheries and DFG standards, at 
Willow Slough Weir (SPFC structure) 

- Secondarily, pursue opportunities to collaborate with other DWR 
programs, Reclamation and other organizations to provide fish 
passage at other Priority 1 barriers with longer time frames. DWR 
should: 

o Complete fish passage modifications at Fremont Weir as part of 
the comprehensive Yolo Bypass fish passage effort 

o Evaluate the fish passage delay at Sacramento Weir and 
construct a fish passage solution, if needed 

• Non SPFC-related barriers of Priority 1 Biological Importance 

− Pursue opportunities to use new funding to collaborate with others 
to fix non-SPCF barriers, with an initial focus on those barriers that 
can be addressed within five years. These include 15 Yolo Bypass 
barriers, Weir No. 2, Budiselich Dam, Red Bluff Diversion Dam, 
and Caprini low-flow road crossing. 

− Evaluate, in cooperation with Reclamation, the feasibility of 
providing fish passage at Shasta, Keswick, Nimbus, Folsom, New 
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Melones, and Tulloch dams by December 2018. If determined to be 
feasible, work with Reclamation to construct fish passage facilities 
at these dams by 2020 (NOAA Fisheries, 2009b)  

− Collaborate with others to evaluate fish passage opportunities at 
Englebright, La Grange, Camanche, Pardee, New Bullards Bar and 
Don Pedro dams, as recommended in the Central Valley salmonid 
recovery plan (NOAA Fisheries, 2009a) 

• SPFC-related barriers of Priority 2 Biological Importance 

- Improve fish passage at Tisdale Weir 

- Collaborate with others to evaluate fish passage opportunities at 
Oroville Dam and its related facilities as recommended in the 
Central Valley salmonid recovery plan (NOAA Fisheries, 2009a). 

• Non-SPFC-related barriers of Priority 2 Biological Importance 

- To achieve the most ecological benefit within the next 10 years or 
more, DWR, in cooperation with willing partners, should also make 
significant headway assessing potential non-SPFC barriers and 
fixing known fish passage barriers throughout the Systemwide 
Planning Area. 

9.2 Improve Fisheries Habitat 

In addition to removing fish passage barriers, restoration programs, such as 
the San Joaquin River Restoration Program, are vital to the restoration and 
maintenance of fish populations, including Chinook salmon and steelhead. 
DWR, with the cooperation of both private parties and public agencies, 
should continue to implement restoration projects to improve fisheries 
habitat and to ensure adequate in-stream flows to restore fish populations 
and habitat within the Systemwide Planning Area. 

As part of this habitat restoration effort, DWR should take steps to increase 
the extent, quality, and inundation of floodplain habitats through setback 
levees, and restoration and enhancement of existing floodplain habitats. 
Floodplains are critical components of aquatic ecosystems, and access to 
floodplain habitat increases fish productivity, abundance, and growth. 

DWR should work with reservoir operators to provide ecologically 
sustainable river flows that maintain natural channel and floodplain 
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characteristics.  River-floodplain connectivity and condition is closely tied 
with reservoir operations and seasonal flows. 

9.3 Improve Scientific Understanding of 
Stranding Effects 

Stranding has been identified in 10 locations of the Systemwide Planning 
Area. Research in the Yolo Bypass indicates that the impact of stranding on 
juvenile salmon is low, but a perception remains that stranding has an 
impact on listed anadromous species. As DWR investigates options to 
increase floodplain inundation, DWR should collaborate with DFG, 
Reclamation, USFWS, and other agencies to: 

• Evaluate the extent and impact of stranding on listed anadromous 
species, especially green sturgeon, in any floodplain inundation 
projects. but especially in flood control  bypasses. 

• Evaluate the extent of stranding in the Stanislaus River gravel pits and 
other locations. 

• See, through outreach, that results from the stranding studies are 
broadly disseminated to the biological community. 
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BGS .......................... Behavioral Guidance System 

cfs ............................. cubic feet per second 

CVFPP ...................... Central Valley Flood Protection Plan 

Delta .......................... Sacramento-San Joaquin River Delta 

DFG .......................... California Department of Fish and Game 

DPS ........................... Distinct Population Segment 

DWR ......................... California Department of Water Resources 

ESU ........................... Evolutionarily Significant Unit 

FERC ........................ Federal Energy Regulatory Commission 

Forum ........................ The Fish Passage Forum 

FSC ........................... floating surface collector 

GIS ............................ Geographic Information System 

NOAA Fisheries ......... National Oceanic and Atmospheric Administration’s 
National Marine Fisheries Service 

PAD ........................... Passage Assessment Database 

PGE .......................... Portland General Electric 

PIT ............................ Passive Integrated Transponder 

PSE ........................... Puget Sound Energy 

RBDD ........................ Red Bluff Diversion Dam 

Reclamation .............. U.S. Department of the Interior, Bureau of 
Reclamation 

RM ............................ River Miles 

SPFC ........................ State Plan of Flood Control 

USACE ...................... U.S. Army Corps of Engineers 

USFWS ..................... U.S. Fish and Wildlife Service 
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Attachment 9C.1.  Methods Used in 
Geographic Information System 
Analysis of Known and Potential 
Fish Passage Barriers in the 
Systemwide Planning Area 

A GIS analysis was undertaken to determine the known and potential fish 
passage barriers in the Systemwide Planning Area, using existing spatial 
data sets, obtained from official sources that describe anadromous fish 
passage barriers and anadromous fish distributions.  These data sets were 
used to determine the number and distribution of known barriers to 
anadromous fish passage within the Systemwide Planning Area. 

The geographic data sets used in this analysis, and their sources  
(Table 9C.1-1), are: 

• Current and historic distributions of anadromous fish (fall-run, spring-
run, winter-run Chinook; steelhead; green sturgeon) in the Central 
Valley watersheds 

• Streams in the Central valley watersheds that are currently or 
historically used by anadromous fish 

- Source: Central Valley Recovery Coordinator, National Marine 
Fisheries Service, Protected Resources Division 

- Layer is based on (matched to) the cdfg_100k_2003_6 shapefile, a 
widely used, medium-resolution GIS dataset representing stream 
hydrology in California, produced by California Department of Fish 
and Game (metadata link: 
http://www.calfish.org/Portals/0/DataMaps/DataDownLoad/cdfg_1
00k_2003_6.htm; last updated 2003) 

• Passage Assessment Database (PAD), the most comprehensive 
available dataset identifying known and potential barriers to 
anadromous fish passage 

- Source: Calfish: http://www.calfish.org 
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- September 2010 release 

• Components of State Plan of Flood Control (SPFC) 

- Source: California Department of Water Resources (DWR) 
Division of Flood Management, Central Valley Flood Planning 
Office 

• Systemwide Planning Area 

- Source: DWR Division of Flood Management, Central Valley 
Flood Planning Office 

The first level of analysis focused on barriers on anadromous streams that 
are listed in the CalFish PAD within the Systemwide Planning Area, and 
determining which components of the SPFC were fish passage barriers. 
This was defined in the following steps: 

• All historic and current anadromous streams that intersect Systemwide 
Planning Area were identified, and the segments that actually fell inside 
the Systemwide Planning Area were cut (‘clipped’) at the Systemwide 
Planning Area boundary to identify only reaches within the Systemwide 
Planning Area. 

• All entries in the PAD that occur on anadromous stream reaches within 
the Systemwide Planning Area were identified 

- PAD points within 300 meters of an anadromous stream reach 
within the Systemwide Planning Area were included in the analysis 

o The different layers used in the analysis have different degrees 
of positional accuracy; therefore, a “buffer” is required to select 
the points that should be located on an anadromous stream 

o A 300-meter buffer was determined by trial and error to be an 
appropriate, and conservative, distance  

• PAD entries that were not relevant to the analysis were excluded on the 
basis of attributes in the PAD data 

- Diversions not owned by DWR or were not identified as part of the 
SPFC were excluded 

o Barriers with ‘site type’ = ‘diversion’ AND ‘structure owner’ 
<> ‘DWR’, whose names did not indicate they were part of the 
SPFC 
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- Nonstructural (i.e., natural) barriers 

o ‘SITETYPE’ = ‘nonstructural’ 

- Barriers that are in database but are no longer barriers 

o ‘BARSTATUS’ = ‘not a barrier’ OR TRTSTATUS ‘ 
‘Completed’ 

Barrier status within the PAD defines how much of a barrier the structure is 
for fish. Within the PAD, the barrier status options include total, partial, 
temporal, and others. Table 9C.1-2 defines the barrier status options. If 
barrier status of a PAD structure was unknown, DWR designated the 
structure as a potential barrier needing to be assessed for fish passage 
status. 

Table 9C.1-1.  Sources of Geographic Data Used in this Analysis 
Population Time frame Source 

Fall-run Chinook current 
California Central Valley Chinook data taken from Sari Sommarstrom 
dataset.  Sommarstrom dataset originally prepared for defining Central 
Valley Essential Fish Habitat. 

Fall-run Chinook historic 

The lines in this file represent the estimated historical distribution of fall run 
Chinook salmon in selected rivers/streams in the Central Valley of 
California. The data used to produce this file were derived from a DFG 
Contributions to the Biology of Central Valley Salmonids 2001 paper by 
Yoshiyama et al. entitled "Historical and Present Distribution of Chinook 
Salmon in the Central Valley Drainage of California.” 

Spring-run Chinook current 

The lines in this file represent the estimated present distribution of spring-
run Chinook salmon in selected rivers/streams in the Central Valley of 
California. The data used to produce this file were derived from a DFG 
Contributions to the Biology of Central Valley Salmonids 2001 paper by 
Yoshiyama et al. entitled "Historical and Present Distribution of Chinook 
Salmon in the Central Valley Drainage of California.” 

Spring-run Chinook historic 

The lines in this file represent the estimated historical distribution of spring-
run Chinook salmon in selected rivers/streams in the Central Valley of 
California. The data used to produce this file were derived from a DFG 
Contributions to the Biology of Central Valley Salmonids 2001 paper by 
Yoshiyama et al. entitled "Historical and Present Distribution of Chinook 
Salmon in the Central Valley Drainage of California.” 

Central Valley 
Steelhead current 

CCV_Steelhead_Distribution_06_2005' depicts steelhead presence as well 
as habitat type and quality in the California Central Valley ESU.  The data 
was compiled by the NOAA Fisheries SWR in an effort to designate Critical 
Habitat for steelhead in California.  The linework for this layer is based on 
the DFG and PSMFC 1:100,000 scale stream-based routed hydrography.  
SWR biologists divided the routed hydrography into stream segments using 
the best available information to represent local steelhead distribution and 
habitat.   As a result, each segment has its own unique identifier (GIS_Link) 
and related presence and habitat information.  The data set is in shapefile 
format and can be included as a map layer in a GIS.  This data set is an 
update of 'CCV_Steelhead_Draft_2004 
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Table 9C.1-1.  Sources of Geographic Data Used in this Analysis (cont.) 
Population Timeframe Source 

Central Valley Steelhead historic 

The lines in this file represent the estimated historical distribution of 
steelhead in selected rivers/streams in the Central Valley of California. 
The data used to produce this file were derived from a DFG 
Contributions to the Biology of Central Valley Salmonids 2001 paper by 
Yoshiyama et al. entitled "Historical and Present Distribution of Chinook 
Salmon in the Central Valley Drainage of California." 

Winter-run Chinook current 

The lines in this file represent the estimated historical distribution of 
steelhead in selected rivers/streams in the Central Valley of California. 
The data used to produce this file were derived from a DFG 
Contributions to the Biology of Central Valley Salmonids 2001 paper by 
Yoshiyama et al. entitled "Historical and Present Distribution of Chinook 
Salmon in the Central Valley Drainage of California." 

Winter-run Chinook historic 

The lines in this file represent the estimated historical distribution of 
steelhead in selected rivers/streams in the Central Valley of California. 
The data used to produce this file were derived from a DFG 
Contributions to the Biology of Central Valley Salmonids 2001 paper by 
Yoshiyama et al. entitled "Historical and Present Distribution of Chinook 
Salmon in the Central Valley Drainage of California." 

Green Sturgeon current 

The data was created by extracting stream lines from NHD medium 
resolution shapefile that represented Green Sturgeon Critical Habitat.  
This dataset's features were modified to better match up to the 
corresponding Estuaries and were cut at locations where the NMFS 
CHRT determined green sturgeon have been observed or where Head 
of Tide was determined.  The attributes were also scaled down to 
reduce size of the database. 

Key: 
CHRT = Critical Habitat Review Team 
DFG = California Department of Fish and Game 
ESU = Evolutionary Significant Unit 
NHD = National Hydrography Dataset 
NOAA Fisheries = National Marine Fisheries Service 
PSMFC = Pacific States Marine Fisheries Commission 
SWR = Southwest Regional Office 

Table 9C.1-2.  Definitions of Barrier Status from the Passage 
Assessment Database 

Total A complete barrier to fish passage for all anadromous 
species at all life stages at all times of year 

Partial Only a barrier to certain species or life stages. 
Temporal Only a barrier at certain times of year. 

Temporal and Partial Only a barrier to certain species or life stages and only at certain 
times of year. 

Temporal and Total Total barrier only at certain times of year.  

Not a Barrier Structure/site has been determined not to be a barrier to any 
species or life stages, and is passable year-round.  

Structure may not be in 
existence 

Data were obtained from an old dataset, and are likely to have 
been removed or washed away. 

Unknown Dataset had no information about barrier status.  
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• Components of the SPFC that are known or potential barriers, but that 
are not included in the PAD, were identified and added to the barrier 
dataset 

- Geographic data files describing components of the SPFC were 
obtained from DWR Division of Flood Management, Central 
Valley Flood Planning Office 

- SPFC components that were already entered in the PAD were 
identified, and their barrier status was determined from the PAD 
entry 

- All SPFC components not in the PAD were added to the dataset 

- Available information and expert knowledge was used to assign 
barrier status to SPFC components; if no information was available 
a status of “No information” was assigned 

To gather the expert knowledge mentioned above, DWR held two meetings 
of biologists familiar with fish passage issues in the Central Valley. DWR 
presented maps showing the barriers identified using the PAD and reports. 
The biologists updated and added to the barrier information DWR had. 

Calculation of Habitat Extent Upstream from 
Barriers 

The length of potential habitat that would opened up by removal of total 
barriers to fish passage was calculated as a means of quantifying the 
potential benefit to anadromous fish of its removal.  Each barrier entry in 
the PAD that is identified as a total barrier to fish passage, which is also on 
an anadromous stream and is within the Systemwide Planning Area, was 
selected, and the amount of upstream channel it blocks was calculated. 

• Total barriers were selected from the set of barriers identified in the 
previous step 

- Barriers on anadromous streams (within 300 meters) within the 
Systemwide Planning Area 

- Select only the total barriers (BARSTATUS – ‘Total’) 

• All other total barriers on those streams were selected, regardless of 
whether the barrier was within the Systemwide Planning Area, which 
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identified all total barriers upstream from those within the Systemwide 
Planning Area 

• Anadromous streams that had those total barriers were identified, and 
each steam was ‘clipped’ at the barrier locations 

• Sums of stream segment lengths between each barrier and the 
watershed headwaters were calculated (in miles) to provide an estimate 
of the miles of stream that could be accessible to anadromous fish if 
that barrier was removed. 

Ranking of Barriers 

All barriers identified in this analysis were ranked on the basis of (1) what, 
if any, action priority they were assigned in the National Oceanic and 
Atmospheric Administration (NOAA) Fisheries Central Valley Recovery 
Plan (NOAA 2009a), (2) whether they were an actual component of the 
SPFC and (3) what geographic priority they are assigned on the basis of the 
Central Valley Recovery Plan’s ranking of geographic areas (Table 9C.1-
3).  Results of this ranking are in Attachment 9C.2. 

Table 9C.1-3.  Geographic Priorities Identified by NOAA Fisheries 
Priority Geographic Region (as defined by NOAA Fisheries 

(2009) Within the State Plan of Flood Control 
1 Delta 
2 Lower Sacramento River 
3 Middle Sacramento River 
4 Upper Sacramento River 
5 Northern Sierra Nevada Diversity Group 
6 Basalt and Porous Lava Diversity Group 
7 Northwestern California Diversity Group 
8 Southern Sierra Diversity Group 
Source: 2009a 
Key: 
NOAA = National Oceanic and Atmospheric Administration 
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Attachment 9C.3. Prioritized List of 
Potential Stranding Areas in the 
Systemwide Planning Area 

Prioritization of stranding areas is shown below. The interim prioritization 
process, as previously discussed, was used to prioritize stranding areas. The 
process recognizes the importance of stranding areas within the 
Systemwide Planning Area, as well as the Priority 1 actions and 
Geographic Priorities from the NOAA Fisheries (2009a) Recovery Plan 
(see Table 9C.3-1). 

Table 9C.3-1.  Prioritized List of Potential Stranding Areas in the 
Systemwide Planning Area 

SPFC 
Component 

CVRP 
Priority 

CVRP 
Geographic 

Priority 
Site Rank 

X 1 2 Yolo Bypass 1 

X 1 2 Sacramento Bypass 1 

 
1 2 American River side channels 2 

 
1 5 Yuba River side channels 3 

 
1 8 Stanislaus River (gravel pits) 4 

 
1 8 Tuolumne River gravel pits 4 

X 
 

2 Colusa Basin Drain 5 

X 
 

4 Colusa Bypass 6 

X 
 

4 Tisdale Bypass 6 

X 
 

8 Chowchilla Bypass system 7 

  
8 Merced River gravel pits 8 

 
Depends 8,0, or 1 San Joaquin gravel pits18 (More 

detail needed on exact locations) 
To be 

determined 
Key: 
CVRP = Central Valley Recovery Plan 
SPFC = State Plan of Flood Control 

 

  

                                                           
18 It is known that the San Joaquin River contains in-channel and captured pits that have 

the potential to strand salmon (Mussetter Engineering, Inc., 2005). However, DWR did 
not have enough information to delineate specific pits on Figure 7-3 or in Table 9C.3-1. 
Therefore, the entire San Joaquin River is marked as a potential stranding site. 
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1.0 Introduction 
As authorized by Senate Bill 5, also known as the Central Valley Flood 
Protection Act of 2008, the California Department of Water Resources 
(DWR) has prepared a sustainable, integrated flood management plan 
called the Central Valley Flood Protection Plan (CVFPP), for adoption by 
the Central Valley Flood Protection Board (Board). The 2012 CVFPP 
provides a systemwide approach to protecting lands currently protected 
from flooding by existing facilities of the State Plan of Flood Control 
(SPFC), and will be updated every 5 years. 

As part of development of the CVFPP, a series of technical analyses were 
conducted to evaluate hydrologic, hydraulic, geotechnical, economic, 
ecosystem, and related conditions within the flood management system and 
to provide baseline data and to support formulation of system 
improvements. These analyses were conducted in the Sacramento River 
Basin, San Joaquin River Basin, and Sacramento-San Joaquin Delta 
(Delta). 

DWR needs high-quality vegetation data to support informed planning 
decisions as part of the CVFPP and the associated Central Valley Flood 
System Conservation Strategy. To meet this need, DWR is working 
collaboratively with other agencies to develop a contiguous vegetation data 
set for the CVFPP Systemwide Planning Area.  Despite the importance of 
this type of data, and the importance of riparian habitat in the State of 
California (State), no comprehensive Central Valley-wide map of riparian 
and floodplain vegetation has been available. 

DWR is in the process of completing a seamless riparian vegetation map 
for the Sacramento and San Joaquin Rivers main-stems and tributaries 
within the CVFPP Systemwide Planning Area. Before the current effort, 
most riparian vegetation data sets for the study areas were incomplete, or 
were presented in a varying scales and resolutions. Some vegetation 
classifications used in earlier studies were not standardized, potentially 
limiting their usefulness when combined with other data sets. The current 
mapping efforts will provide baseline data for project impact analysis, and 
conservation and restoration area planning, and will enable use with other 
standardized vegetation data. 
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The purpose of this attachment is to describe the importance of high-quality 
vegetation data for improving flood management and ecosystem conditions 
in the Central Valley and to summarize other related mapping efforts.  It 
will also describe DWR’s approach, progress, and future steps for 
improving the quality of vegetation data. 
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2.0 Background and Need for 
Higher Quality Vegetation Data 

Vegetation mapping continues to be a significant tool for quantifying 
natural lands and habitat, and for determining baseline habitat values. 
Medium- and fine-resolution vegetation maps delineate baseline natural 
vegetation and land uses, provide information on habitat values and 
connectivity, and may indicate potential for wildlife and sensitive species. 
Vegetation maps are important tools in natural resource and conservation 
planning, as well as data analysis. They provide a baseline for a wide range 
of data-gathering efforts. 

Typical uses for vegetation mapping and delineation include identifying 
individual plant and animal species distributions, predicting the spread of 
invasive species, prioritizing land acquisitions for mitigation and 
restoration, identifying important wildlife corridors, setting a baseline for 
monitoring future impacts such as sea level rise, predicting habitat use by 
sensitive species, and identifying correlations (e.g., between vegetation and 
physical features) . 

Current vegetation data may be combined with additional data sets in a 
Geographic Information System (GIS) and provides an important 
component which contributes to the baseline coverage of a study area. Such 
vegetation maps may be combined with soils, hydrology, and other 
physical features; these provide a current status of the system and enable 
modeling of future conditions. Vegetation data layers can help to inform 
planning, design work, maintenance, invasive species control, and 
ecological restoration. Such data document the current distribution of 
habitats and land uses, help establish baseline conditions for monitoring 
changes over time, and show the degree of connectivity and fragmentation 
of habitat 

Mapping high-quality vegetation data provides important sets of 
information for improving planning for and management of flood and 
ecosystem conditions in the Central Valley.  High-quality vegetation data 
are also useful for identifying both potential habitat for sensitive species 
and areas of potential infestations of invasive species. These data also are 
used to strategically identify important locations for conservation actions, 
such as restoration, habitat enhancement, and acquisitions. 
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Vegetation data are developed and used at different geographic scales to 
meet specific needs: 

• Medium-scale (or medium-resolution) data, with minimum map 
units of about one acre, classify vegetation by plant associations and 
dominant species and are useful for regional-level assessments.  These 
data simplify the complex details of localized habitat distribution and 
show planners and managers the larger context of vegetation patterns. 
Medium-resolution data can be used, for example, to strategically 
locate large infrastructure or development projects in ways that avoid or 
reduce environmental impacts, thus reducing future costs for project 
redesign, relocation, or mitigation. These data also help to assess 
landscape-level or watershed conditions and trends, and identify needs 
for improving regional habitat restoration and connectivity. 

• Fine-scale (or fine-resolution) vegetation data are a more precise 
representation of localized vegetation distribution, with minimum 
mapping units of less than one acre. Fine-resolution data provide 
significantly more detail on vegetation structure and species 
relationships than medium-scale data, making these data valuable for 
project-level planning and management decisions. However, fine-scale 
data require considerably more detailed field evaluation and time 
investment, greater computer storage space, and longer analytical 
processing time than medium-scale data for the same size planning 
area. 

Finally, although these are currently the best data available based on 
remote imagery, in some cases they may not always be adequate to 
substitute for highly detailed on-the-ground delineation. For example, 
identifying and quantifying shaded riverine aquatic habitat (SRA) requires 
more detailed ground work since there are layers of canopy and vegetation 
which can't be determined only from aerial photo interpretation.  High-
quality vegetation maps in this case can support the more detailed field 
studies necessary for delineating SRA.    



 3.0 Past Vegetation Mapping Efforts Within the Central Valley 

January 2012 3-1 
Public Draft 

3.0 Past Vegetation Mapping Efforts 
Within the Central Valley 

Over the years, State and federal agencies in California have funded a 
variety of vegetation and land cover mapping efforts. To guide the best use 
of DWR funding for improving vegetation data, this section evaluates these 
other efforts for their applicability and usefulness. Useful vegetation data 
must meet needs for systemwide coverage, adequate resolution of mapping 
units and classification types, adequate information (attributes) describing 
each mapping unit, and adequate accuracy. 

3.1 Statewide and National Efforts 
Statewide and national efforts to generate vegetation mapping data include 
the following: 

• Gap Analysis Vegetation Layer (Davis et al., 1998) – This statewide 
dataset, completed in 1995, maps terrestrial vegetation and natural 
communities at a coarse scale, with a minimum map unit (MMU) of 
more than 250 acres. Local areas of vegetation were omitted because of 
the coarse resolution, and riparian vegetation was underestimated. 

• Central Valley Wetlands and Riparian Areas GIS Database (DFG, 
1997) – This data set is an inventory of wetlands, riparian areas, and 
associated land cover in the Sacramento and San Joaquin valleys and 
the Delta. Landsat satellite imagery was used to map land cover classes, 
such as wetland, agriculture, and uplands. Wetland and riparian features 
were inventoried at a coarse level but with less specificity than a field-
based survey. 

• National Wetland Inventory (USFWS, 2010) – The U.S. Fish and 
Wildlife Service mapped wetlands and woody riparian vegetation from 
aerial photographs. Vegetation was mapped with an MMU greater than 
one acre, and mapping of some areas of riparian habitat was omitted. 
This inventory is used for regional and watershed data display and 
analysis, rather than project-specific data analysis. 

Although these efforts cover all of the CVFPP Systemwide Planning Area, 
they are mapped at coarser resolutions and classifications than DWR needs. 
The current DWR vegetation mapping effort can be used as a baseline, and 

http://www.fws.gov/wetlands/Data/metadata.html
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future conditions can be used to provide updated maps and measurements 
of restored acreage and impacts. 

3.2 Central Valley-Focused Mapping Efforts 
Higher resolution vegetation data coverage exists for a few portions of the 
CVFPP Systemwide Planning Area, but these data omit large areas of the 
entire flood management system. Some of the vegetation mapping efforts 
previously conducted in the Central Valley are listed below: 

• Sacramento River Region 2007 Sacramento River Riparian 
Mapping (Carlson and Funes, 2010) – This large project covers the 
Sacramento River Conservation Area and was completed by the 
California State University, Chico, Geographical Information Center. 

• Sacramento-San Joaquin Delta – Vegetation and Land Use 
Classification and Map (Hickson and Keeler-Wolf 2007) – These 
fine-resolution vegetation data were completed using a statewide 
standardized approach led by the California Department of Fish and 
Game (DFG). The same methodology was used that DWR will employ 
in developing its fine-resolution data for the Central Valley. These data 
cover only the legal Delta, so there is only limited overlap with the 
current DWR vegetation mapping effort. This map has been extensively 
for various planning efforts at several agencies, including the Bay-Delta 
Conservation Plan. 

• San Joaquin River Mapping Study (DWR, 2002) – This study 
mapped riparian vegetation on portions of the main-stem San Joaquin 
River from Millerton Lake to the Merced River confluence. The study 
was field-based and transects were conducted to measure riparian 
vegetation. Riparian classifications are based on the Holland 
classification of California vegetation (Holland, 1986). 

• Central Valley Riparian Mapping Project Interpretation and 
Mapping Systems (California State University, Chico, 1979) – The 
California Riparian Study Program was a series of studies started in 
1979 that set out to map riparian areas within Central Valley 
depositional bottomland using aerial photographs. Work was completed 
at California State University, Chico, and California State University, 
Fresno. 
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4.0 Statewide Mapping Standards 
and Consistency 

In 2000, the California Biodiversity Council (CBC) prepared a 
Memorandum of Understanding (MOU) among State and federal agencies 
to establish a cooperative vegetation and habitat mapping standard. 
Signatories recognized that many mapping efforts were ongoing and that 
these efforts could be designed to be compatible and complementary for 
eventually providing signatories statewide coverage of high-quality 
vegetation data. They also recognized the importance of vegetation 
mapping as a tool to provide valuable data for conservation and recreation 
planning and forest and economic analysis. 

These statewide vegetation mapping standards (CBC, 2000) are available 
online at: http://ceres.ca.gov/biodiversity/vegmou.html. 

DWR follows these cooperative vegetation mapping standards. The finer 
scale mapping effort further complies with the Manual of California 
Vegetation (Sawyer et al., 2009) and the National Vegetation Classification 
Standard (NVCS), as defined in the April 2003 Federal Geographic Data 
Committee draft standards Source (FGDC, 2008), available at 
http://www.fgdc.gov/standards/projects/FGDC-standards-
projects/vegetation . 

Consistency with these standards allows vegetation map data to be 
available for use across agencies, which, in turn, permits data sharing, 
provides for longevity of the data (data collected on a unique platform not 
consistent with others become obsolete more quickly), and for consistency 
with future mapping efforts and updates. 

The State Wetland and Riparian Area Monitoring Program (WRAMP) 
outlines a standardized approach to wetland and riparian mapping within 
the State (Collins et al., 2006).  The current DWR vegetation mapping 
effort is consistent with the standard methodology for WRAMP (CWMW, 
2010). The statewide WRAMP effort will additionally be able to use the 
riparian data to contribute to their riparian model building and accuracy 
within the CVFPP Systemwide Planning Area. 

  

http://ceres.ca.gov/biodiversity/vegmou.html
http://www.fgdc.gov/standards/projects/FGDC-standards-projects/vegetation
http://www.fgdc.gov/standards/projects/FGDC-standards-projects/vegetation
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5.0 DWR’s Approach and Progress 
in Improving Vegetation Data 

DWR is developing high-quality vegetation data for Central Valley flood 
and ecosystem planning in two phases. The first phase, completed in 
December 2011 was to develop a medium-scale vegetation data set to help 
with systemwide planning. The second phase, initiated in late 2011 and 
proposed for completion in late 2013, will develop a fine-scale vegetation 
data set. 

Both the medium- and fine-scale mapping of riparian vegetation for the 
CVFPP were based on current aerial photography and field studies. The 
methodology consisted of aerial photo interpretation, ground-based 
vegetation classifications, and GIS editing and processing. The riparian 
classification follows State and national standards for vegetation 
classification described above (CBC, 2000). The riparian classification also 
can be crosswalked to the widely-used Wildlife Habitat Relationship 
system (WHR) of habitat classification, (Mayer and Laudenslayer, 1988), 
allowing users to link both data systems. 

5.1 Medium-Scale Map and Methodology 

The recently completed effort undertaken by DWR represents the first 
medium-scale vegetation map to cover the entire CVFPP Systemwide 
Planning Area. Mapping was conducted for the main-stem Sacramento, 
Feather, and San Joaquin Rivers and major tributaries within the project 
area, as defined within the CVFPP Systemwide Planning Area. The project 
area covers approximately 3,315,582 acres or 5,180 square miles. 

Although this map was not completed in time to be used in preparation of 
the 2012 CVFPP, it will be an important scientific foundation for the 
Central Valley Flood System Conservation Strategy, the 2017 CVFPP and 
for planning efforts in the interim. The map will be available for public 
access1  after the 2012 CVFPP is released in early 2012. This medium-
resolution product provides one- to two-acre MMU resolution for riparian 
areas and 10-acre resolution for urban and agricultural areas. 

                                                           
1Map data will be accessible at http:/bios.dfg.ca.gov 
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The medium-scale mapping effort was based in part on existing GIS 
riparian vegetation maps, which were prepared incrementally over the past 
decade for various parts of the Central Valley; field data were collected 
throughout the main-stems and tributary areas.  Figure 5-1 illustrates an 
overview of the riparian map in the Feather River watershed. 

The mapping method is based on aerial photo interpretation and field 
verification, and a standard methodology used by DFG. Existing vegetation 
maps were field-checked and updated to existing classification standards, 
and gaps in coverage were filled.   Field surveys were used to validate the 
vegetation type and location on the ground. These vegetation plots were 
surveyed using the California Native Plant Society Rapid Assessment 
protocol (Hickson and Keeler-Wolf, 2007).  

The area covered by each vegetation type or classifications was delineated 
in a GIS layer into polygons, which delineate the area covered by each 
vegetation type.   These polygons were digitized using interpretation of 
2009 color aerial photographs created by the U.S. Department of 
Agriculture’s National Agricultural Imaging Program (USDA, 2009). 
Digitized polygons were attributed based on vegetation classifications 
developed in the Manual of Natural Vegetation (Sawyer et al., 2009) to the 
NVCS Group level (FDGC 2008). A final step included an independent 
validation and a random sample of plots for accuracy assessment.  
Figure 5-2 shows a close-up of medium-scale vegetation polygons on a 
local levee with typical riparian vegetation.  
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Figure 5-1.  Medium-Scale Vegetation Mapping Overview for Lower Feather River 
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Figure 5-2.  Map Application: Close-up of Medium-Scale Vegetation Polygons on Levee 
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5.2 Fine-Scale Mapping 

DWR is currently developing fine-scale vegetation data for the CVFPP 
Systemwide Planning Area. Data collection began in summer 2011 and 
final map products and data are expected to be completed in 2013. This 
fine-scale vegetation mapping effort will use the statewide standardized 
approach for mapping fine-scale vegetation led by DFG (Hickson and 
Keeler-Wolf, 2007). Data will be provided at one-acre or less MMU 
resolution. 

The fine-scale vegetation data will refine the area covered by the medium-
scale data. Land use will be completed to the Anderson Level II 
classification (Anderson et al., 1976). 

Fine-scale mapping will enable detailed area measurements of specific 
changes and impacts within project areas, restoration sites, or changes in 
land use. Components of the fine-scale map may also be used in wetland 
and riparian modeling efforts, such as the statewide WRAMP. The fine-
scale effort will include detailed data sets on invasive species, structural 
components (tree and shrub cover, height, tree size), processes, and metrics 
for riparian function in hydrologic modeling. 

These additional data will enable planning, data assessment, and impacts 
analysis at a detailed level. Map data can also be used for conservation 
planning at the species level: For example, sensitive species location data 
can be correlated with high, medium, or poorly suitable habitat. In addition, 
map data can be used to measure the extent of native vegetation on State 
Plan of Flood Control levees.  Map data can be used to determine extent of 
invasive species, and the extent of selected canopy types can be 
differentiated and quantified according to size classes. The new riparian 
map coverage of the full CVFPP Systemwide Planning Area would enable 
regular updates, as necessary, to determine changes in vegetation status or 
trends. 

Figures 5-3 and 5-4 provide examples of the differences between medium-
scale mapping and fine-scale mapping. Figure 5- 3 shows vegetation at the 
more detailed fine-scale resolution. Figure 5-4 illustrates vegetation 
polygons mapped at the more general medium scale, with fine-scale 
delineations overlaid on the medium-scale mapped areas. These illustrate 
two vegetation alliances found in the Delta, (1) Arroyo Willow, and (2) 
Arroyo Willow-Bulrush-Common Reed complex unit. 
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Figure 5-3.  Fine-Scale Vegetation Types in the Delta Illustrating 42 Vegetation Alliances 
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Figure 5-4.  Medium-Scale Polygons of Riparian Wash/Scrub, with Overlay of 
Fine-Scale Delineations of (1) Arroyo Willow, and (2) Arroyo Willow-Bulrush-
Common Reed Complex Unit 
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Vegetation composition and abundance are considered an accurate gauge 
for identifying important habitats and ecosystems within a given region. 
Vegetation community data are incorporated into natural lands conservation 
efforts, and continue to be an important tool for land management planning 
and impact analysis. 

In summary, fine-scale mapping will support a variety of uses for DWR 
and other organizations, including but not limited to the following: 

• Measuring and monitoring vegetative changes over time in the 
extent, diversity, and connectivity of native vegetation within 
the Central Valley flood management system (levees, 
floodways, and other facilities) 

• Informing the design and implementation of flood management 
policies and projects to avoid and minimize adverse effects on 
vegetation and species 

• Identifying priority areas for restoration and conservation 
actions 

• Conducting conservation planning for specific species and 
modeling their potential distribution based on habitat. For 
example, sensitive species location data can be correlated with 
highly, medium, or poorly suitable habitat (Figure 5-5) 

• Supporting wetland and riparian modeling efforts such as the 
statewide WRAMP 

• Determining the extent of invasive plant species 
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Figure 5-5.  Map Application: California Natural Diversity Database Species 
Occurrences with Associated Medium-Scale Vegetation Types 
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7.0 Acronyms and Abbreviations 
CVFPP ................ Central Valley Flood Protection Plan 

Delta .................... Sacramento-San Joaquin Delta 

DFG ..................... California Department of Fish and Game 

DWR .................... California Department of Water Resources 

GIS ...................... geographic information system 

MMU .................... minimum map unit 

MOU .................... Memorandum of Understanding 

NVCS .................. national Vegetation Classification System 

State .................... State of California 

WHR .................... Wildlife Habitat Relationship 

WRAMP ............... Wetland and Riparian Area Monitoring Program 
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1.0 Introduction 
The Central Valley Flood System Conservation Framework (Conservation 
Framework), in conjunction with the Central Valley Flood Protection Plan 
(CVFPP), geographically overlaps with multiple regional and collaborative 
conservation plans that have either been implemented or planned for the 
Sacramento and San Joaquin valleys. Regional planning efforts such as the 
Conservation Framework are most effective when coordinated with similar 
programs and plans to the maximum extent possible. The Conservation 
Framework is the first phase of a comprehensive and integrated planning 
effort, leading to a longer-term Conservation Strategy that will be part of 
the 2017 CVFPP update. When developing the Conservation Strategy1 as 
part of the 2017 CVFPP, coordination among similar, related conservation 
and collaborative planning efforts is essential to determine if the 
Conservation Strategy can contribute to the shared conservation objectives 
of other plans or programs while meeting its own objectives. Similarly, 
understanding the potential flood-risk-reduction benefits associated with 
implementing other conservation or collaborative planning efforts can aid 
in the development of the Conservation Strategy. 

Coordinating with other planning efforts may increase economy and 
efficiency. In addition, from an ecological standpoint, coordinating the 
Conservation Strategy and other planning efforts can provide greater 
opportunities for effective, integrated, landscape-level conservation. 
Wildlife and natural resource agencies have limited staffing and funds, so 
they support and encourage participation in existing plans as further 
justification for coordination. Integration of related planning efforts could 
improve the effectiveness of individual plans’ important ecological 
objectives, such as improving habitat connectivity and increasing the size 
of habitat preserves. 

The purpose of this attachment is to describe completed and ongoing 
planning efforts that have regional, geographically based, and/or 
quantifiable conservation measures for species and habitats that may be 
relevant to the Conservation Strategy. All of the plans and programs 
described overlap at least partially with the State Plan of Flood Control 
(SPFC) Planning Area or Systemwide Planning Area. The list is not 
                                                           
1 The Conservation Strategy will provide a comprehensive approach for DWR to (1) 
achieve the environmental goals and objectives of the Central Valley Flood Protection 
Act, FloodSAFE, and CVFPP; and (2) implement DWR’s environmental stewardship 
policy. This Conservation Strategy may include regional permitting plans such as NCCPs 
or HCPs. 
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comprehensive, but provides examples of efforts that should be considered 
in developing the Conservation Strategy. Plans not included here could be 
identified and considered as the Conservation Strategy is developed. In this 
attachment, completed planning efforts are summarized first, followed by 
those that are ongoing and in progress. Regional programs with defined 
conservation goals and measureable biological objectives are also included. 
Potential relationships between these plans or programs and the 
Conservation Strategy are summarized in Table 1-1. Some programs, such 
as identifying Total Maximum Daily Loads and implementing Integrated 
Regional Water Management Plans, may support conservation efforts, but 
their objectives are dissimilar to those of the Conservation Framework (i.e., 
focused on meeting water quality standards), so these were not included. 

This attachment is not intended to present an analysis of each plan in detail.  
Rather, the intent is to identify areas of potential overlap between relevant 
plans and the upcoming Conservation Strategy. As the Conservation 
Strategy develops and/or is implemented, potentially synergistic areas and 
areas of potential conflict between the Conservation Strategy and 
individual plans can continue to be identified. 
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This attachment supports and recognizes key conservation criteria and 
considerations that are important as the Conservation Strategy is 
developed: 

• Uses existing information to the greatest extent possible for efficiency 
and to inform the Conservation Strategy regarding potential 
conservation goals. 

• Recognizes that multiple conservation plans or collaborative planning 
efforts have been completed, are in development, or are being 
implemented: 

- In whole or in part, the plans address many of the key species and 
habitats that occur within the SPFC Planning Area and/or 
Systemwide Planning Area. 

- The plans help identify conservation needs and priorities within the 
flood management system. 

• Highlights potential conservation partnerships for the California 
Department of Water Resources (DWR) in implementing the 
Conservation Strategy, specifically: 

- Describes opportunities to cost-share on conservation projects. 

- Describes opportunities for DWR to simultaneously meet its own 
conservation goals and those of other plans or programs through 
specific projects. 

• Identifies completed conservation planning efforts that provide “lessons 
learned” to be applied to the Conservation Strategy. 
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2.0 Review of Plans 
This section summarizes various regional conservation planning efforts, 
including the following: 

• Completed regional conservation planning efforts 

• Regional conservation planning efforts in progress 

• Plans that identify specific geographic areas but do not provide 
quantifiable conservation measures 

2.1 Completed Regional Conservation Planning 
Efforts 

Completed regional conservation planning efforts include several habitat 
conservation plans (HCP) and HCP/natural communities conservation 
plans (NCCP), large-scale conservation programs, and refuge 
comprehensive conservation plans described below, including goals and 
measurable objectives. 

2.1.1 Natomas Basin Habitat Conservation Plan 
The Natomas Basin Habitat Conservation Plan (NBHCP) proposes to 
acquire 8,750 acres of mitigation lands to benefit giant garter snake 
(Thamnophis gigas) and Swainson’s hawk (Buteo swainsonii) (City of 
Sacramento et al., 2003). The NBHCP supports applications for incidental 
take permits under the federal Endangered Species Act (ESA) and the 
California ESA. The NBHCP intends to create a system of reserves, with 
both wetland and upland components, which support viable populations of 
giant garter snake, Swainson’s hawk, and other species covered by the HCP 
(covered species). The overall goals for the NBHCP include the following: 

• Establish and manage, in perpetuity, a biologically sound and 
interconnected habitat-reserve system that mitigates impacts to covered 
species resulting from covered activities and provides habitat for 
existing and new viable populations of covered species. 

• Implement an adaptive management program that responds to changing 
circumstances affecting covered species and their habitats. 
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• Preserve open space and habitat that may also benefit local, non-listed, 
and transitory wildlife species not identified within the NBHCP. 

• Ensure that direct impacts of authorized development upon covered 
species are avoided or minimized to the maximum extent practicable. 

To achieve the above goals, the NBHCP identified the following 
objectives: 

• Minimize conflicts between wildlife and human activities, including 
conflicts resulting from airplane traffic, roads and automobile traffic, 
predation by domestic animals, and harassment by people. 

• Maintain and operate flood control, irrigation, and drainage facilities in 
a manner that minimizes take of covered species and promotes 
vegetative cover that enhances habitat values for covered species, 
consistent with relevant water agencies’ legal obligations. 

• Ensure connectivity between The Natomas Basin Conservancy (TNBC) 
reserves to minimize habitat fragmentation and species isolation. 
Connections between reserves will generally take the form of common 
property boundaries between reserves, waterways (primarily irrigation 
and drainage channels) passing between reserves, or an interlinking 
network of water supply channels or canals. 

• Within individual TNBC reserves, provide a mosaic of habitats that 
support both wetland and upland species and are configured to support 
species that use both types of habitat. 

• Implement monitoring programs with qualitative or quantitative 
monitoring methods to evaluate management objectives and strategies 
for the reserve system. 

• Increase the diversity and abundance of covered species on reserve 
lands. 

• Revise the reserve design and management based on the most current 
biological data. 

For giant garter snake, approximately 50 percent of the acquired lands 
would be in rice production, 25 percent enhanced as managed marsh, and 
25 percent as upland habitat. The proportion of marsh habitat may be 
increased to as much as 75 percent of mitigation lands if certain conditions 
are met. Approximately 80 percent of the lands would be preserved in the 
basin and 20 percent of lands may be preserved outside the basin. The plan 



 2.0 Review of Plans 

January 2012 2-3 
Public Draft 

identifies the system of agricultural water supply and drainage channels 
maintained and operated by U.S. Department of Interior, Bureau of 
Reclamation (Reclamation) District 1000 and the Natomas Central Mutual 
Water Company as the primary opportunity for giant garter snake habitat 
connectivity between reserves. 

For Swainson’s hawk foraging habitat, 3,372 acres of high- and moderate-
quality upland habitat would be provided within mitigation land reserves. 
The NBHCP requires that one habitat block within the reserve system be a 
minimum of 2,500 acres, and the balance of reserve lands will be in habitat 
blocks that are a minimum of 400 acres (City of Sacramento et al., 2003). 

The entire NBHCP planning area is within the SPFC Planning Area 
boundary. Conservation Strategy actions may contribute to NBHCP 
conservation objectives if they result in preserving, restoring, or enhancing 
giant garter snake aquatic or upland habitat or Swainson’s hawk foraging 
habitat within the Natomas Basin or in adjacent areas outside the Natomas 
Basin (e.g., Knagg’s Ranch in Yolo County, northern Yolo Bypass, 
southern Sutter Bypass). These actions may not directly contribute to the 
habitat acreage objectives of the NBHCP, but may increase the regional 
availability and quality of habitat for the species covered by the NBHCP. 

2.1.2 San Joaquin County Multi-Species Habitat 
Conservation Plan and Open Space Plan 

The San Joaquin County Multi-Species Habitat Conservation Plan 
(SJCMSHCP) and Open Space Plan is a county-wide plan for conserving 
species and their habitats, consistent with the California and federal ESAs 
(SJCCG 2000). The SJCMSHCP is also intended to support applications 
for incidental take permits under the California and federal ESAs. The 
SJCMSHCP covers 97 plant, fish, and wildlife species, including several 
riparian- and wetland-dependent species that would likely be considered 
within the Conservation Strategy. 

The primary goal of the SJCMSHCP is to preserve a variety of habitat 
types throughout the county, including grasslands and vernal pools, 
agricultural land, riparian areas, perennial wetlands, and other aquatic 
habitats. It will preserve an estimated 100,841 acres of habitat over the 
plan’s 50-year lifespan. Additionally, the SJCMSHCP calls for establishing 
a 1,200-foot-wide, undeveloped wildlife corridor along much of the San 
Joaquin River (from Stewart Tract to the Stanislaus/San Joaquin County 
border). The measureable biological success criteria of the SJCMSHCP are 
described below. 
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• Habitat acquisition and protection through the establishment of 
preserve lands precisely balances habitat losses permitted under the 
SJCMSHCP. 

• At a minimum, existing habitat quality on SJCMSHCP preserve lands 
is maintained, and, where possible, demonstrable increases in habitat 
quality of preserve lands are achieved. 

• Populations of covered species on SJCMSHCP preserve lands are 
stabilized and improved where possible. 

The SJCMSHCP planning area includes portions of the SPFC Planning 
Area and the Systemwide Planning Area, as well as additional areas outside 
their boundaries. Conservation Strategy actions may include fee simple 
land acquisitions or easement acquisitions that could preserve riparian and 
wetland habitat within San Joaquin County; these actions would directly 
contribute to the conservation goals of the SJCMSHCP. Additionally, 
purchase of flood easements or conservation easements as part of 
Conservation Strategy actions along the San Joaquin River (e.g., to create 
transitory storage) could contribute to the SJCMSHCP goal of creating an 
undeveloped wildlife corridor along this reach. 

2.1.3 PG&E San Joaquin Valley Operation & 
Maintenance Habitat Conservation Plan 

The PG&E San Joaquin Valley Operation & Maintenance Habitat 
Conservation Plan (PG&E HCP) is a multi-species HCP for routine 
operation and maintenance (O&M) activities in the San Joaquin Valley 
(Jones & Stokes, 2006). The PG&E HCP supports applications for 
incidental take permits under the California and federal ESAs. The 
biological goal of the San Joaquin Valley PG&E HCP is to contribute to 
the conservation of natural communities and their associated covered 
species in the planning area. The natural communities include wetlands, 
woodlands, grasslands, woody riparian, and upland scrub. 

Three biological objectives were identified:  

1. Acquire, protect, manage, and maintain lands for the benefit of covered 
species to achieve compensation for project habitat effects. 

2. Locate compensation lands within regions where project effects occur. 

3. Purchase or dedicate land near other preserved areas to maximize the 
conservation values of the land and assist in meeting land protection 
goals of existing recovery plans. 
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The PG&E HCP identifies 30 avoidance and minimization measures 
designed to reduce effects on species, and compensation to offset effects 
that cannot be avoided or minimized. To compensate for habitat loss in the 
246,350-acre plan area, temporary effects will be mitigated at a ratio of 
0.5:1 and permanent effects will be mitigated at a ratio of 3:1; total habitat 
mitigation is expected to be approximately 1,350 acres over the 30-year 
permit term. The PG&E HCP covers 23 wildlife and 42 plant species, 
including aquatic and riverine species such as the valley elderberry 
longhorn beetle (VELB, Desmocerus californicus dimorphus), giant garter 
snake, Swainson’s hawk, bank swallow (Riparia riparia), riparian woodrat 
(Neotoma fuscipes riparia), and riparian brush rabbit (Sylvilagus bachmani 
riparius). The PG&E HCP has a specific conservation target identified for 
these covered species. 

The PG&E HCP planning area includes portions of the SPFC Planning 
Area and the Systemwide Planning Area, as well as additional areas outside 
their boundaries. Conservation Strategy actions that could contribute to 
PG&E HCP conservation objectives would include actions that would 
result in preserving, restoring, enhancing, or creating habitat for covered 
species in the San Joaquin Valley. 

2.1.4 East Contra Costa County Habitat Conservation 
Plan and Natural Communities Conservation Plan 

The conservation strategy for the East Contra Costa County Habitat 
Conservation Plan (ECCCHCP) and Natural Communities Conservation 
Plan (ECCCHCP/NCCP) includes creating and managing a fully 
functioning preserve system that will preserve approximately 23,800-
30,300 acres of land under the urban development area (ECCPHCPA, 
2006). To compensate for habitat loss, the strategy also proposes to restore 
or create approximately 424 to 586 acres (under the initial or maximum 
urban development areas, respectively) of specific habitats and land cover 
types. Covered species include the giant garter snake, Swainson’s hawk, 
foothill yellow-legged frog (Rana boylii), California red-legged frog (Rana 
aurora draytonii), western pond turtle (Clemmys marmorata), and 
tricolored blackbird (Agelaius tricolor). Goals of the ECCCCHCP/NCCP 
related to riparian and instream habitats include: 

• Preserve streams and riparian woodland/scrub in the inventory area 

• Enhance riparian woodland/scrub to promote native biological diversity 
and habitat heterogeneity 

• Maintain and enhance instream aquatic habitat for covered species and 
native fish 
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• Restore streams and riparian woodland/scrub 

Measureable objectives of the ECCCCHCP/NCCP related to riparian and 
instream habitats include: 

• Protect a minimum of 5 linear miles of stream to compensate for 
permanent loss of habitat 

• Acquire riparian/scrub at a ratio of 2:1 (estimated to be 70 acres for 
maximum urban development area) and protect as part of the preserve 
system 

• Maintain or increase the cover, width, and connectivity of existing 
riparian vegetation consistent with current stream and habitat function 

• Promote natural fluvial disturbances (e.g., flooding, sediment 
deposition, and scour) 

• Reduce water temperature and temperature variation 

• Increase inputs of organic matter where appropriate 

• Reduce sediment input and downstream sediment transport and 
deposition where appropriate 

• Maintain and enhance instream structural diversity, where appropriate 

• Improve stream flow and connectivity for native aquatic wildlife 

• Control or reduce nonnative animals, including bullfrogs and fish 

• Restore at least 20 acres of riparian woodland/scrub in addition to that 
required above as compensation for habitat loss 

• Replace riparian woodland/scrub at a ratio of 1:1 in the preserve system 
to compensate for its loss from covered activities (estimated to be 30 
acres with maximum urban development area) and restore species 
richness and diversity, vegetative cover, wildlife habitat function, and 
hydrologic function 

The ECCCHCP/NCCP contains detailed guidelines for management, 
enhancement, and restoration techniques for a variety of habitat types, 
including wetlands, ponds, streams, and riparian woodland. It includes a 
conservation target of 3,750 acres of habitat for Swainson’s hawks. 
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A portion of the ECCCHCP/NCCP overlaps the Systemwide Planning 
Area in the Sacramento/San Joaquin Delta (Delta) region of northeastern 
Contra Costa County. Conservation Strategy actions that could contribute 
to ECCCHCP/NCCP conservation objectives would include actions within 
the western Delta that preserve, restore, enhance, or create habitat for 
covered species, particularly giant garter snake and Swainson’s hawk. 

2.1.5 San Joaquin River Restoration Program 
The San Joaquin River Restoration Program (SJRRP) resulted from a 
settlement reached in September 2006 between the U.S. Departments of the 
Interior and Commerce, the Natural Resources Defense Council, and the 
Friant Water Users Authority. The settlement ended an 18-year lawsuit that 
sought sufficient fish habitat in the San Joaquin River below Friant Dam to 
its confluence with the Merced River. Focus species are fall-run and 
spring-run Chinook salmon (Oncorhynchus tshawytscha) and other native 
fish species. The main habitat objective of the SJRRP is to restore habitat 
for Chinook salmon and other species of fish native to the San Joaquin 
River and its tributaries above the confluence with the Merced River 
(SJRRP, 2009). Specific acreage targets were not included as part of this 
objective. 

The geographic boundary of the SJRRP is entirely contained within the 
SPFC Planning Area from the confluence with the Merced River to 
approximately Gravelly Ford, and the remainder of the SJRRP boundary is 
within the Systemwide Planning Area. Conservation Strategy actions that 
contribute to enhancing, restoring, or creating additional habitat for 
Chinook salmon and other salmonid species would also contribute to the 
SJRRP objectives. Additional habitats would include seasonal floodplain, 
shaded riverine aquatic (SRA), and spawning gravels, as well as the 
restoration of flows and geomorphic processes that could potentially result 
in the eventual formation of these habitats. Although the SJRRP focuses on 
the upper San Joaquin River, Conservation Strategy actions within the 
lower San Joaquin River and Delta may contribute to SJRRP objectives. 
Conservation strategy actions may contribute to increased juvenile 
salmonid production and escapement from the San Joaquin River. 
Improved passage of spawning adults through lower river reaches through 
Conservation Strategy actions would align with SJRRP objectives. 
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2.1.6 Central Valley Project-State Water Project 
Operations Criteria and Plan and Associated 
Biological Opinions 

Reclamation’s Long-Term Central Valley Operations Criteria and Plan 
(OCAP) defines the Central Valley Project (CVP) and State Water Project 
(SWP) and their operations, constraints, and legal requirements 
(Reclamation, 2004). The National Marine Fisheries Service (NMFS) and 
U.S. Fish and Wildlife Service (USFWS) developed and published 
biological opinions (BO) that addressed the potential for OCAP 
implementation to adversely affect federally listed fish. Because of the 
jeopardy opinion reached by each BO (i.e., implementing the OCAP, as 
proposed, would jeopardize the continued existence of federally listed 
species), each agency developed reasonable and prudent alternatives (RPA) 
to the proposed OCAP that would minimize impacts to federally listed fish 
(NMFS, 2009a, 2011; Reclamation, 2004; USFWS, 2008). The USFWS 
BO, which addressed the effects of OCAP implementation on delta smelt 
(Hypomesus transpacificus), was subsequently invalidated in 2011 
(USFWS, 2011), and a new BO is currently being written. The NMFS BO 
and associated RPAs address salmonids, green sturgeon (Acipenser 
medirostris), and other fish species within the Sacramento and San Joaquin 
valleys and Delta. 

The NMFS RPAs describe actions that, if implemented, would not 
jeopardize the continued existence of listed salmonids and green sturgeon. 
Many of these RPAs focus on maintaining flows within the Sacramento 
and San Joaquin rivers and their tributaries to provide suitable habitat 
conditions for fish (e.g., water temperature, water depth). Several other 
RPAs focus on restoration of habitat or fluvial-geomorphic processes (e.g., 
floodplain activation flows, sediment transport, erosion, deposition) 
necessary to maintain and regenerate aquatic habitat elements for 
salmonids and green sturgeon. Specific NMFS RPAs with strong potential 
links to the Conservation Strategy include the following: 

• Action I.1.3 – Spawning Gravel Augmentation on Clear Creek. This 
RPA is intended to enhance and maintain previously degraded 
spawning habitat for spring-run Chinook salmon and steelhead 
(Oncorhynchus mykiss) on Clear Creek below Whiskeytown Reservoir. 

• Action I.6.1 – Restoration of Floodplain Rearing Habitat within the 
Lower Sacramento River Basin. This RPA requires restoration of at 
least 17,000 to 20,000 acres of seasonal floodplain, with appropriate 
inundation periods and durations to support juvenile salmonid rearing. 
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• Action I.6.4 – Improvements to Lisbon Weir. This RPA requires 
modifications to the Lisbon Weir to improve fish passage. 

• Action I.7 – Reduction of Migratory Delays and Loss of Salmon, 
Steelhead, and Sturgeon at Fremont Weir and Other Structures in the 
Yolo Bypass. This RPA requires modifications to the Fremont Weir to 
reduce fish stranding and improve fish passage. 

• Action III.2.1 – Spawning Habitat Increase and Quality Improvement 
on the Stanislaus River with Addition of 50,000 Cubic Yards of Gravel 
by 2014 and with a Minimum Addition of 8,000 Cubic Yards per Year 
for the Duration of the Project Actions. This RPA requires 
augmentation of spawning gravel to create suitable redd sites on the 
Stanislaus River below New Melones Reservoir. 

• Action III.2.3 – Restoration of Freshwater Migratory Habitat for 
Juvenile Steelhead by Implementing Projects to Increase Floodplain 
Connectivity and to Reduce Predation Risk During Migration. This 
RPA requires any one of several potential actions to improve habitat 
conditions for juvenile steelhead and to reduce predation on juvenile 
steelhead. Potential actions could include habitat restoration, creation of 
offstream habitats (e.g., side channels), floodplain restoration, and 
similar actions. 

• Action V – Fish Passage Program. This RPA includes a series of 
interrelated near-term and long-term actions to initiate salmonid 
passage around Shasta, Nimbus, Folsom, New Melones, Tulloch, and 
Goodwin dams and salmonid spawning and rearing in stream reaches 
above the reservoirs formed by these dams. 

The geographic coverage of the NMFS BO includes all current and 
potential aquatic habitat for salmonids and green sturgeon within the Delta, 
Sacramento Valley, and San Joaquin Valley- an area that includes and 
extends beyond the SPFC Planning Area and Systemwide Planning Area. 
Due to the significant geographic overlap, Conservation Strategy actions 
that relate to the aquatic and riparian habitats and restoration of natural 
river processes (through construction of setback levees, removal of levees 
and bank revetment, removal of fish passage barriers, riparian and 
floodplain habitat restoration, including creation of new flood bypasses) 
could contribute to the success of several RPA actions. As the 
Conservation Strategy is developed, close coordination between the OCAP, 
and NMFS and USFWS BOs is anticipated. 
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2.1.7 CALFED Multi-Species Conservation Strategy 
The California Bay-Delta Program (CALFED) Multi-Species Conservation 
Strategy (MSCS) describes, largely at a conceptual and programmatic 
level, habitat acquisition, restoration, and enhancement actions that could 
be implemented throughout the Sacramento and San Joaquin river systems, 
including the Delta, to maintain and enhance the Delta’s ecological health 
(CBDP, 2000). The MSCS served as the program-level biological 
assessment for initiating consultation with the USFWS and NMFS and 
obtaining a programmatic BO under Section 7 of federal ESA. The MSCS 
was also submitted to the California Department of Fish and Game (DFG) 
as a programmatic NCCP. CALFED also includes a number of actions 
intended to improve the reliability and quality of water diversions from the 
Delta. Ecosystem enhancement activities within CALFED MSCS include 
those listed below: 

• Acquiring water from sources throughout the San Francisco 
Bay/Sacramento-San Joaquin Delta (Bay-Delta) watershed to provide 
flows for fish recovery 

• Improving Delta outflow during key periods 

• Reconnecting Bay-Delta tributaries with floodplains with setback 
levees, flood easements, and flood bypasses 

• Restoring the sediment management regime by relocating instream 
mining and introducing gravels 

• Modifying or eliminating fish passage barriers 

The CALFED MSCS covers 244 special-status species and 20 habitats, 
including all species and major habitat types within the Sacramento and 
San Joaquin valleys, adjacent areas of the foothills, and the Delta. 
CALFED’s measurable objectives include (CBDP, 2000) the following: 

• Restoring 9,000 acres of tidal perennial aquatic habitat and 
approximately 150 to 330 miles (900 to 1,700 acres) of tidal sloughs 
within the Delta and San Francisco Bay regions 

• Avoiding, minimizing, and compensating for all CALFED impacts on 
tidal perennial aquatic habitat 

• Restoring approximately 1,200 acres of riparian habitat in the Delta 
region, 200 to 300 acres in the San Francisco Bay region, 3,650 acres in 
the Sacramento River region, and 5,450 to 5,950 acres in the San 
Joaquin River region 
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• Protecting and enhancing 500 acres of existing riparian habitat in the 
Delta region 

• Enhancing and restoring riparian habitat associated with restoration of 
18,000 to 26,000 acres of stream channel meander corridors in the 
Sacramento and San Joaquin river regions 

The CALFED MSCS program area largely includes both the SPFC 
Planning Area and Systemwide Planning Area and areas beyond such as 
the adjacent San Francisco Bay and Suisun Marsh. As the Conservation 
Strategy is developed, close coordination with the CALFED MSCS is 
anticipated. The Conservation Strategy could significantly contribute to the 
conservation goals of the MSCS, given the large overlap in geographic 
coverage and likely overlap in the conservation goals, habitat, and species 
conservation targets of the two strategies. 

2.1.8 Central Valley Project Improvement Act Programs 
The Central Valley Project Improvement Act (CVPIA), signed into law in 
1992, mandates changes in CVP management to protect, restore, and 
enhance fish and wildlife. There are a number of programs developed to 
implement the CVPIA (Reclamation, 2011), including several interrelated 
programs whose geographic boundaries overlap the SPFC Planning Area 
and Systemwide Planning Area. These programs are: 

• Anadromous Fish Restoration Program (AFRP) (3406(b)(1)) 

• Habitat Restoration Program (HRP) (3406(b)(1) “other”) 

• Management of CVPIA Waters (3406(b)(2)) 

• Instream Water Acquisition Program (WAP) (3406(b)(3)) 

• Red Bluff Fish Passage Improvement Project (3406(b)(10)) 

• Clear Creek Restoration Program (3406(b)(12)) 

• Spawning and Rearing Habitat Restoration Program (3406(b)(13)) 

• Anadromous Fish Screen Program (AFSP) (3406)(b)(21)) 

These programs are described in more detail below. 

The goal of the AFRP is to double the natural production of anadromous 
fish in Central Valley streams. The AFRP covers all species of anadromous 
fish in the Sacramento and San Joaquin valleys, including Chinook salmon 
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and steelhead. The AFRP Restoration Plan (USFWS, 2001) is guiding the 
long-term development of the AFRP. The plan relies on the authorities and 
resources provided by the CVPIA to meet its goals in cooperation with 
other California and federal resource management agencies, public and 
private organizations, and landowners. 

The goal of the HRP is to protect, restore, and mitigate for past fish and 
wildlife impacts of the CVP not already addressed in the Fish and Wildlife 
Restoration Activities section of the CVPIA. Initial focus will be on 
habitats known to experience the greatest percentage of decline in habitat 
quantity and quality since construction of the CVP, including riparian, 
aquatic, alkali desert scrub, wetlands, foothill chaparral, valley-foothill 
hardwood, and grassland. Stabilizing and improving populations of listed 
and non-listed native species associated with the above habitat types is a 
related goal of the HRP. The program relies on the authorities and 
resources provided by the CVPIA to meet its goals in cooperation with 
other California and federal resource management agencies, public and 
private organizations, and landowners. The types of actions include 
acquiring existing habitat for special-status species impacted by the CVP; 
maintaining, restoring, and enhancing priority habitats for priority species; 
and conducting studies to determine appropriate actions. Projects 
completed under the HRP have included riparian restoration at the 
Sacramento River National Wildlife Refuge (NWR) to benefit VELB, and 
wetland restoration at the Colusa NWR to benefit the giant garter snake. 

The CVPIA Program annually manages 800,000 acre-feet of CVP water to 
either augment instream flows in Clear Creek, Sacramento, American, and 
Stanislaus rivers, or to curtail Delta exports for fish, wildlife, and habitat 
restoration. The program’s primary focus is to improve instream conditions 
for anadromous fishes, primarily salmon and steelhead. 

The Instream WAP acquires water from willing sellers to increase flows for 
fish in support of the AFRP. The main WAP acquisitions for instream flow 
augmentation have occurred on the San Joaquin River tributaries (Merced, 
Tuolumne, and Stanislaus rivers) and Battle Creek. 

The goal of the Red Bluff Fish Passage Improvement Project is to improve 
fish passage for anadromous fishes and green sturgeon at the existing Red 
Bluff Diversion Dam. Scheduled for completion in 2012, a screened 
pumping plant is being installed that will allow the Diversion Dam gates to 
be permanently open allowing for free migration of fish while ensuring 
continued water deliveries to agricultural lands. Goals of the project 
include allowing passage of 80 to 100 percent of adult spring-run Chinook 
and 50 to 100 percent of adult green sturgeon, and supplying 115,000 acre-
feet of water to the Sacramento NWR. 
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The goals of the Clear Creek Restoration Program include providing flows 
to allow sufficient spawning, incubation, rearing, and outmigration for 
salmon and steelhead, and restoring the stream channel and instream 
habitat on Clear Creek. Project activities include improving fish passage, 
reducing erosion in the watershed, channel restoration, providing gravel 
augmentation, managing flows, and implementing adaptive management 
and monitoring strategies for the effects of project activities. 

The goals of the Spawning and Rearing Habitat Restoration Program 
include increasing the availability of spawning gravel and rearing habitat 
lost from the construction and operation of CVP dams. Through this 
program, gravel augmentation occurs annually on the American, 
Sacramento, and Stanislaus rivers. 

The goal of the AFSP is to protect juvenile anadromous fish from 
entrainment at priority water diversions throughout the Central Valley and 
the Sacramento-San Joaquin Delta. Objectives of the program include 
providing funding and/or technical assistance for fish screen projects, 
assessing fish entrainment at unscreened diversions, supporting 
screen/diversion research to determine critical factors resulting in fish 
losses at diversions and develop cost-effective improvements of fish screen 
designs, and monitoring and evaluating fish screen effectiveness. AFSP 
projects contribute to the AFRP goal of doubling natural production of 
anadromous fish in Central Valley streams. 

The Clear Creek Restoration Program area has little geographic overlap 
with the SPFC Planning Area and Systemwide Planning Area. However, 
Clear Creek flows into the Sacramento River, and provides important 
spawning habitat for steelhead and spring-run Chinook salmon. Clear 
Creek is also the conduit for water delivered to the Sacramento River from 
the Trinity River and, thus, is strongly linked to the operation of the CVP. 
The other CVPIA programs have significant geographic overlap with the 
SPFC Planning Area and Systemwide Planning Area. 

Conservation Strategy actions that could contribute to the goals of the 
various CVPIA programs, most of which focus on anadromous fish and 
instream habitats, would include actions such as removing fish passage 
barriers, restoring habitat (including SRA habitat), enhancing aquatic 
habitat (e.g., addition of spawning gravels), restoring seasonal floodplains 
(e.g., floodplain lowering, construction of setback levees, construction of 
new flood bypasses), and restoring natural river processes (e.g., removing 
bank revetment and levees where not essential for public safety). Modified 
floodway O&M practices would also contribute to the AFRP’s goal and 
objectives. 
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2.1.9 Central Valley Joint Venture 
The Central Valley Joint Venture (CVJV) is one of six original joint 
ventures formed under the North American Waterfowl Management Plan to 
coordinate regional waterfowl conservation efforts. It is a collaborative 
planning group comprising 21 member agencies (primarily California and 
federal natural resources management and regulatory agencies), 
nongovernmental organizations, and one corporation (PG&E). The CVJV 
Implementation Plan broadened conservation activities to include 
numerical objectives for habitats that support shorebirds, waterbirds, and 
riparian songbirds in the Central Valley (CVJV, 2006). 

CVJV objectives have been developed for bird habitat restoration needs in 
specific geographic areas, including the American, Butte, Colusa, Delta, 
San Joaquin, Sutter, and Yolo basins and Suisun Marsh. These objectives 
include 10,000 acres of restored riparian habitat, 12,500 acres of restored 
semipermanent wetlands, and 108,527 acres of restored seasonal wetlands, 
the majority of which would be located within either the SPFC Planning 
Area or Systemwide Planning Area. The CVJV focuses on all migratory 
birds within the Central Valley, including yellow-billed cuckoo (Coccyzus 
americanus), bank swallow, and least Bell’s vireo (Vireo bellii pusillus). 

The CVJV planning area covers the entire Central Valley, and overlaps the 
SPFC Planning Area and Systemwide Planning Area as well as areas 
outside the boundaries of the CVFPP (e.g., Tulare Basin) (CVJV, 2006). 
Conservation Strategy actions that result in the expansion of riparian and 
wetland habitat would make significant contributions to the objectives of 
the CVJV, including active habitat restoration, construction of new flood 
bypasses, setback levees, removal of levees and bank revetment, revised 
O&M practices, and similar actions that would either directly restore bird 
habitat or restore the fluvial and geomorphic processes that contribute to 
riparian and wetland habitat formation. 

2.1.10 Cosumnes River Preserve Management Plan 
The Cosumnes River Preserve Management Plan (CRPMP) describes how 
the Cosumnes River Preserve will be managed through 2017 and was 
developed by several partners, including The Nature Conservancy (TNC), 
Bureau of Land Management, DFG, Sacramento County, DWR, Ducks 
Unlimited, and the California State Lands Commission (Kleinschmidt 
Associates, 2008). The 45,859-acre preserve includes the Cosumnes River 
and its floodplains and riparian habitat. The CRPMP identifies two 
overarching goals and numerous subgoals. 
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The overarching goals of the CRPMP are (1) native biological communities 
and the resident and migratory species dependent on them are restored and 
maintained to sustainable conditions and population levels, and (2) 
compatible uses improve stewardship of the lands in the Cosumnes River 
watershed. Numerous subgoals were also established by the CRPMP. 
Those that may be applicable to the Conservation Strategy include: 

• Actively manage the preserve, including implementing the flow 
augmentation project, collecting physical process data, regularly 
updating infrastructure databases, and collaborating with regional 
planning processes. 

• Protect the free-flowing Cosumnes River within an ecologically 
functional landscape. 

• Protect, maintain, and restore riparian and floodplain communities, the 
natural hydrologic processes that sustain the habitat, and the native 
species that depend on the habitat. 

• Maintain and restore a mosaic of freshwater wetland habitats (seasonal 
and permanent) that support native species. 

• Maintain and enhance the population of the giant garter snake in the 
Badger Creek watershed. 

• Restore and maintain a population of fall-run Chinook salmon in the 
Cosumnes River, with an average annual spawning run of 2,000 adults 
(10-year average range of 1,000 to 5,000 adults). 

Conservation targets were identified and include riparian forest, vernal pool 
grasslands, freshwater emergent wetlands, giant garter snake, blue oak 
woodland, and fall-run Chinook salmon. Quantitative objectives were 
developed for the subgoals and conservation targets, including the 
following subset: 

• Maintain a landscape that supports natural processes and habitat for the 
Preserve's focal conservation targets consisting of natural lands and 
suitable agriculture at and surrounding the preserve (100-year 
floodplain up to Sacramento County's Urban Services Boundary). 

• Permanently protect the entire 13,200-acre mapped riparian core area 
(existing habitat and restorable lands) by securing the remaining 7,450 
acres of unprotected land up to Wilton Road. 
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• Restore an additional 1,000 acres of existing preserve lands to riparian 
and floodplain habitats by 2018. 

• Maintain a minimum of 1,000 acres of seasonal managed ponds and 
evaluate the need for more managed wetland ponds on a case-by-case 
basis. 

• Create and maintain at least 2,750 acres of flooded agriculture as 
seasonal wetland habitat for target species (sandhill cranes (Grus 
canadensis) and waterfowl). 

• Restore and maintain at least 300 acres of seasonal floodplain habitat 
for juvenile salmonid rearing. 

Conservation Strategy actions related to riparian habitat, as well as 
restoration of natural fluvial and geomorphic processes that would lead to 
the recruitment and sustainability of riparian communities, seasonal 
wetland habitat, and floodplain habitat, may contribute to the goals of the 
preserve. Conservation Strategy actions may contribute to the preserve’s 
conservation objectives if they result in preserving, restoring, or enhancing 
giant garter snake aquatic or upland habitat or salmonid habitat within the 
Cosumnes River watershed. 

2.1.11 Sacramento River National Wildlife Refuge 
Comprehensive Conservation Plan 

The Sacramento River National Wildlife Refuge Comprehensive 
Conservation Plan (CCP) describes management of the 11,585-acre 
Sacramento River NWR (USFWS, 2005). The Sacramento River NWR 
consists of 26 units located along both sides of the Sacramento River 
stretching 77 miles between Red Bluff and Princeton, an area contained 
within both the SPFC Planning Area and Systemwide Planning Area. The 
refuge contains riparian and agricultural habitats and was established to 
preserve, restore, and enhance riparian habitat for threatened and 
endangered species, migratory birds, anadromous fish, and resident species. 
Riparian forests are being restored by converting flood-prone agricultural 
lands along the Sacramento River in cooperation with TNC, River Partners, 
and local farmers. The goal of the CCP related to habitat restoration and 
species conservation is to contribute to the recovery of endangered and 
threatened species and provide a natural diversity and abundance of 
migratory birds and anadromous fish, through the restoration and 
management of viable riparian habitats along the Sacramento River. 
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The measureable objectives of the CCP related to habitat restoration and 
species conservation include the following: 

• Prepare and implement site assessment and restoration plans to restore 
an additional 3,255 acres of riparian vegetation and habitats, as well as 
maintain existing and newly restored riparian habitat for riparian-
dependent species by 2015. 

• Promote recruitment of fish and wildlife habitat by investigating 
riverbank stabilization, Sacramento River NWR levees, and floodplain 
topography for best management options. During this investigation, the 
Sacramento River NWR will consider impacts on public safety, 
agriculture, and water conveyance. This investigation will be conducted 
on 11 Sacramento River NWR units and a written report will be created 
by 2015. 

• Evaluate the response of federal and California threatened and 
endangered species to habitat restoration projects. Implement eight 
surveys by 2005 (least Bell’s vireo, VELB, bald eagle (Haliaeetus 
leucocephalus), giant garter snake, bank swallow, western yellow-
billed cuckoo, willow flycatcher (Empidonax traillii), and Swainson’s 
hawk) and four additional surveys by 2015 (winter-run Chinook 
salmon, spring-run Chinook salmon, fall-run and late-fall run Chinook 
salmon, and Central Valley Evolutionarily Significant Unit (ESU) of 
steelhead). 

• Enhance, restore, and monitor breeding migratory and resident landbird 
populations to source population levels (40 percent recruitment) 
through habitat restoration on 3,255 acres by 2015. Source populations 
are those where recruitment (annual increase) is high enough to replace 
the local breeding population with a surplus, which can repopulate 
other areas. Source populations recruit at levels above 35 percent for 
most species.  

• Provide high-quality habitat for native anadromous fish by enhancing 
and restoring 33.5 miles of shaded riverine aquatic (SRA) habitat for 
temperature control and future sources of large woody debris (LWD) 
by 2015. Where appropriate, enhance or restore floodplain topography 
and connectivity with the river at 11 units of the Sacramento River 
NWR by 2015. 
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The Sacramento River NWR is located within the SPFC Planning Area and 
Systemwide Planning Area. Conservation Strategy actions may include fee 
simple land acquisitions or easement acquisitions that could preserve 
riparian habitat within Sacramento County; these actions could contribute 
to the conservation goals of the CCP by providing additional habitat for the 
riparian species managed for in the Sacramento River NWR. 

2.1.12 Sacramento, Delevan, Colusa, and Sutter National 
Wildlife Refuges Final Comprehensive 
Conservation Plan and Environmental Assessment 

The Sacramento, Delevan, Colusa, and Sutter National Wildlife Refuges 
Final Comprehensive Conservation Plan and Environmental Assessment 
(CCP EA) describes management of the 10,819-acre Sacramento NWR, 
5,877-acre Delevan NWR, 4,686-acre Colusa NWR, and the 2,591-acre 
Sutter NWR for the next 15 years (USFWS, 2009). The refuges provide 
habitat and manage for a number of species, including salmonids, giant 
garter snake, western yellow-billed cuckoo, and Swainson’s hawk. The 
following are goals of the CCP EA that are related to habitat restoration 
and species conservation: 

• Wildlife and Habitat Goal: Conserve, manage, restore, and enhance 
habitats and associated plant and wildlife species, with an emphasis on 
supporting an abundance and natural diversity of wintering and 
migrating waterfowl, shorebirds, birds of prey, and songbirds. 

• Threatened and Endangered Species Goal: Conserve, manage, restore, 
and enhance threatened and endangered species and their habitats, 
including vernal pool plants and invertebrates, and giant garter snakes. 

The following are measureable objectives of the CCP EA related to riparian 
habitat restoration and species conservation. 

• Collectively on the four refuges, 16,914 wetland habitat acres have 
been actively managed since 2009 to provide 80 to 90 percent 
seasonally flooded wetlands and 10 to 20 percent summer wetlands. 
Seasonally flooded wetlands will contain 5 to 50 percent tall emergent 
cover, more than 50 percent desirable forage plant species cover, and an 
average water depth of 12 inches (range of 1 to 36 inches). Summer 
wetlands units will contain 20 to 70 percent cover of desirable 
submergent or floating-leaved emergent species. At least 50 percent of 
summer wetland units will have 30 to 80 percent tall emergent cover 
and average water depths of 24 inches (range of 12-36 inches) during 
May to October and less than 18 inches during November to April. 



 2.0 Review of Plans 

January 2012 2-19 
Public Draft 

• Protect and enhance 581 acres of riparian habitat comprised of more 
than 80 percent native woody vegetation and herbaceous cover by 
2014. 

• By 2009, actively manage 1,500 acres within the Sutter Bypass portion 
of Sutter NWR to help prevent excessive accumulation of woody 
vegetation that may impact flood water conveyance capabilities. 

• By 2014, annually implement BMPs and water management strategies 
to provide for native fish life cycle needs on the NWRs. 

• Provide 11,152 acres (47 percent of the NWRs total acres) of wetland, 
vernal pool/alkali meadow, grassland, and riparian habitats as sanctuary 
(i.e., no public access) for general wildlife use, nesting, sensitive 
breeding sites, and plant populations by 2009. 

The Sacramento, Delevan, Colusa, and Sutter NWRs are located within the 
SPFC Planning Area and Systemwide Planning Area. Conservation 
Strategy actions may include fee simple land acquisitions or easement 
acquisitions that could preserve riparian and wetland habitat within 
Sacramento County. These actions could contribute to the conservation 
goals of the CCP EA by providing additional habitat for the species 
managed for in the four refuges. 

2.1.13 DWR’s Oroville Facility Federal Energy Regulatory 
Commission License Protection, Mitigation and 
Enhancement Measures 

The FERC license for DWR’s Oroville Facility (FERC license) contains 
Protection, Mitigation and Enhancement Measures (PMEs) that address 
impacts of implementing the Oroville Facility under the new project 
license’s 50 year license term (2006-2056) (DWR 2006). PMEs include the 
Lower Feather River Habitat Improvement Plan that describes programs for 
gravel supplementation and improvement, channel improvement, structural 
habitat supplementation and improvement, fish weir, riparian and 
floodplain improvement, and other programs in support of Chinook salmon 
and steelhead in the lower Feather River. Terrestrial species habitat 
improvements are provided for protection of giant garter snake and red 
legged frog, and vernal pool conservation. The PMEs and FERC license 
were subject to ESA consultation with NMFS and USFWS and CESA 
consultation with CDFG. Implementation of the lower Feather River 
Habitat Improvement Plan will provide beneficial coordination of the 
proposed measures in the lower Feather River.   

The Lower Feather River Habitat Improvement Plan overlaps with the 
SPFC Planning Area and Systemwide Planning Area. The Conservation 
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Strategy is unlikely to make a significant contribution to the PMEs required 
by the FERC license; however, it may benefit some of the covered species 
found within riparian and aquatic habitats in the lower Feather River and 
may be able to provide additional benefits above and beyond the PMEs. 

2.2 Regional Conservation Planning Efforts in 
Progress 

Regional conservation planning efforts in progress also include HCPs and 
HCP/NCCPs, large-scale conservation programs, and recovery plans that 
are described in more detail below, including any defined goals and 
measureable objectives. 

2.2.1 Bay-Delta Conservation Plan 
The Bay-Delta Conservation Plan (BDCP) describes an integrated 
conservation strategy to achieve ecosystem restoration and water supply 
reliability (BDCP, 2010). It will serve as an NCCP under California’s 
Natural Community Conservation Planning Act (NCCPA), and an HCP 
under Section 10 of the federal ESA. The BDCP will also provide the basis 
for biological assessments that support new ESA Section 7 consultations 
among Reclamation, USFWS, and NMFS. The BDCP is further intended to 
meet the standards set out in the recently enacted Sacramento-San Joaquin 
Delta Reform Act, which provides for incorporating the BDCP into a 
comprehensive management plan for the Delta (known as the “Delta 
Plan”). 

The BDCP planning area includes the statutory Delta, as defined in 
California Water Code Section 12220; Suisun Marsh; and the upper Yolo 
Bypass. The BDCP’s list of proposed covered species and habitat 
conservation targets includes several species of likely concern for the 
Conservation Strategy, such as Chinook salmon and steelhead, riparian 
woodrat, riparian brush rabbit, least Bell’s vireo, Delta button celery 
(Eryngium racemosum), Swainson’s hawk, yellow-billed cuckoo, giant 
garter snake, and VELB, as well as the aquatic, riparian, floodplain, and 
wetland habitats used by these species (BDCP, 2010). 
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BDCP goals related to habitat restoration and species conservation are as 
follows: 

• Provide for the conservation and management of covered species within 
the BDCP planning area. 

• Preserve, restore, and enhance aquatic, riparian, and associated 
terrestrial natural communities and ecosystems that support covered 
species within the BDCP planning area through conservation 
partnerships. This includes restoration of 400 acres of nontidal 
wetlands, 5,000 acres of riparian habitats, and 5,000 acres of tidal 
habitats throughout the BDCP planning area. 

• Allow for projects to proceed that restore and protect water supply, 
water quality, and ecosystem health within a stable regulatory 
framework. 

• Provide a means to implement covered activities in a manner that 
complies with applicable State and federal fish and wildlife protection 
laws, including the California and federal ESAs, and other 
environmental laws, such as the California Environmental Quality Act 
(CEQA) and National Environmental Policy Act (NEPA). 

• Provide a basis for permits necessary to lawfully take covered species. 

• Provide a comprehensive means to coordinate and standardize 
mitigation and compensation requirements for covered activities within 
the BDCP planning area. 

• Provide a less costly, more efficient project review process that results 
in greater conservation values than project-by-project, species-by-
species review. 

• Provide clear expectations and regulatory assurances regarding covered 
activities occurring within the BDCP planning area. 

With the exception of Suisun Marsh, the BDCP planning area is completely 
within the Systemwide Planning Area, and the Yolo Bypass lies within 
both the BDCP planning area and the SPFC Planning Area. The BDCP and 
the Conservation Strategy could be complementary pieces to a 
comprehensive conservation strategy for the entire Delta and Sacramento 
and San Joaquin valleys. It is likely that most, if not all, Conservation 
Strategy actions would contribute to the BDCP’s conservation objectives, 
particularly those that occur within the Yolo Bypass or Delta. Conservation 
Strategy actions that could contribute to the BDCP conservation objectives 
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include the preservation or restoration of habitat for riparian and aquatic 
species, such as Chinook salmon and steelhead, riparian woodrat, riparian 
brush rabbit, least Bell’s vireo, Delta button celery, Swainson’s hawk, 
western yellow-billed cuckoo, giant garter snake, and VELB. 

2.2.2 Solano Multi-Species Habitat Conservation Plan 
Similar to other HCPs, the Solano Multi-Species Habitat Conservation 
Plan (SMSHCP) establishes a framework for complying with State and 
federal endangered species regulations while accommodating future urban 
growth, infrastructure development, and ongoing O&M activities. The plan 
has a 30-year lifespan and covers approximately 585,000 acres, nearly all 
of which (577,000 acres) are in Solano County. The SMSHCP planning 
area extends into Yolo County to encompass facilities maintained by 
Reclamation District 2068, Dixon Resource Conservation District, and 
Dixon Regional Watershed Joint Powers Agency (JPA), as well as for 
restoration activities along Putah Creek (SCWA, 2009). The SMSHCP 
addresses 37 covered species, including salmonids, VELB, giant garter 
snake, and Swainson’s hawk, which are also of interest to the CVFPP. 
Covered habitats include riparian, stream, and freshwater marsh. 
Conservation goals include the preservation, restoration, and management 
of approximately 32 miles of stream and riparian habitat within the plan 
area, and the preservation and restoration of a minimum of 50 acres of 
riparian habitat (SCWA, 2009). 

The easternmost portions of the SMSHCP planning area along the 
Sacramento River and upper portions of the Delta overlap with the SPFC 
Planning Area and Systemwide Planning Area. Given the limited 
geographic overlap between the two planning efforts, the Conservation 
Strategy is unlikely to make a significant contribution to the conservation 
objectives of the SCMSHCP; however, it may benefit some of the covered 
species that would be found within riparian and aquatic habitats in the 
SCMSHCP planning area and adjacent parts of the SPFC Planning Area or 
Systemwide Planning Area (e.g., within the Lindsey Slough-Barker 
Slough-Cache Slough region). 

2.2.3 South Sacramento Habitat Conservation Plan 
The South Sacramento Habitat Conservation Plan (SSHCP) planning area 
will encompass approximately 374,000 acres within southern Sacramento 
County and include the cities of Elk Grove, Galt, and Rancho Cordova 
(County of Sacramento et al., 2010). Covered habitats include vernal pools, 
oak woodlands, grasslands, riparian, wetlands, and aquatic habitats, and 30 
proposed covered species (10 of which are threatened or endangered under 
the federal or California ESA) including giant garter snake, VELB, vernal 
pool plants and invertebrate species, and other bird, raptor, bat, reptile, and 
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amphibian species. The SSHCP will serve as an NCCP under California’s 
NCCPA, and an HCP under Section 10 of the federal ESA. 

The strategy for the SSHCP includes requirements to: 

• Create a reserve system over the permit term that will preserve a 
minimum of 41,923 acres and restore 1,786 acres of land that will 
benefit covered species, other native biota, and natural and naturalized 
land cover types. 

• Configure the reserve system to protect landscape-level ecological 
processes necessary for covered species and other native biota. 

• Integrate the reserve system into the existing network of open space 
(previously conserved lands) to a contiguous network of 9,500 acres of 
natural or naturalized habitats in the Urban Development Area (UDA). 

• Establish preserve linkages within the reserve system that maintain 
connectivity between preserves in the planning area to sustain and 
enhance opportunities for genetic exchange and movement of native 
biota in the planning area. 

• Guide preservation to primary conservation areas. 

• Protect streams and creeks in the UDA through the establishment of 
stream setbacks. 

• Establish a framework for long-term management of the reserve system 
for the benefit of covered species and other native biota 

The SSHCP planning area has some overlap with the SPFC Planning Area 
and Systemwide Planning Area. The focus of the SSHCP is to protect and 
enhance wetlands (primarily vernal pools) and upland habitats; thus, the 
Conservation Strategy may not contribute directly to the goals of the 
SSHCP. However, Conservation Strategy actions would contribute to the 
overall SSHCP conservation objectives if they result in preserving or 
restoring aquatic or riparian habitat for covered species, such as giant garter 
snake and VELB. 

2.2.4 Butte Regional Habitat Conservation Plan /Natural 
Community Conservation Plan 

The Draft Butte Regional Habitat Conservation Plan (BRHCP) and 
Natural Community Conservation Plan (NCCP) planning area will cover 
approximately 560,000 acres of lowland and foothill oak woodlands in 
Butte County and all portions of the SPFC Planning Area and Systemwide 
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Planning Area within Butte County (BCAG, 2011). Covered habitats 
include riparian areas, wetlands, and aquatic habitats. The 41 proposed 
BRHCP/NCCP covered species include fishes (e.g., salmonids), as well as 
riparian-associated wildlife (e.g., yellow-billed cuckoo, VELB, bank 
swallow, Swainson’s hawk), and wetland- associated species (e.g., giant 
garter snake) that would likely be Conservation Strategy targets. The draft 
plan identifies conservation objectives such as preserving covered species 
and their natural communities and ecosystems, contributing to the recovery 
of fish, wildlife, plant, and animal communities and species, and 
identifying and designating biologically sensitive areas. Measureable 
objectives for the draft plan include: 

• Protect 6,370 acres of existing unprotected cottonwood-willow riparian 
forest and valley oak riparian forest in minimum patch sizes of 25 acres 
along rivers and streams distributed within the planning area 

• Restore 536 acres of cottonwood/willow riparian forest, 140 acres of 
valley oak riparian forest, and 23 acres of willow scrub along rivers and 
streams distributed within the planning area 

• To the extent consistent with flood control requirements, protect 20 
linear miles of channel banks that support dynamic bank formation and 
erosion processes that create bank swallow nesting habitat along Big 
Chico Creek and Butte Creek 

However, the BRHCP/NCCP notes the following (BCAG, 2011): 

…although the Sacramento River and Feather River support habitat 
for several of the covered species in the Plan Area, BRCP goals, 
objectives, and conservation actions are not proposed for these 
rivers because the channels, banks, and flow of these rivers are 
controlled and managed predominately by state and federal 
agencies (e.g., California Department of Water Resources, U.S. 
Army Corps of Engineers, and Bureau of Reclamation). 

Thus, riparian areas that would likely be a major focus of the Conservation 
Strategy are not of central importance to meeting the conservation 
objectives of the BRHCP/NCCP. As an example, the plan targets just 11 
acres of riparian restoration along the Sacramento River. However, the 
BRHCP/NCCP also calls for salmonid aquatic habitat improvements, 
including protecting and improving 10 linear miles of steelhead habitat by 
removing passage barriers; the quality of spawning and rearing habitat is 
also a Conservation Strategy focus. 
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Any Conservation Strategy actions that involve restoration of riparian and 
wetland habitat, particularly along tributaries to the Sacramento River 
within Butte County (e.g., Butte Creek, Big Chico Creek, Sycamore Creek, 
Mud Creek), or that focus on removing fish passage barriers along these 
streams, may significantly contribute to the BRHCP/NCCP’s conservation 
objectives. Restoration of riparian and wetland habitats and natural river 
processes along the Sacramento and Feather rivers, although not a major 
focus of the BRHCP/NCCP, would also contribute to the plan’s 
conservation objectives by increasing the regional availability and quality 
of habitat for BRHCP/NCCP target species. 

2.2.5 Yuba/ Sutter County Natural Community 
Conservation Plan/Habitat Conservation Plan 

The Yuba/Sutter Natural Community Conservation Plan (YSNCCP) 
/Habitat Conservation Plan is in progress. To date, only the Report of the 
Independent Science Advisors (Spencer et al., 2006) is readily available. 
The proposed planning area comprises 200,100 acres and includes the 
majority of Sutter County and significant portions of western Yuba County 
as well as small portions of southern Butte County and northwestern Placer 
County (DFG, 2011). Twenty-one species are proposed (17 animals and 4 
plants) for coverage under the plan, including the VELB, giant garter 
snake, Swainson’s hawk, yellow-billed cuckoo, and bank swallow. 
YSNCCP/HCP covered natural communities and land cover types include 
riverine, riparian, and wetland habitats. 

This YSNCCP/HCP planning area significantly overlaps with both the 
SPFC Planning Area and Systemwide Planning Area. The YSNCCP/HCP 
has not yet been formally developed and conservation objectives are 
unknown. However, covered activities within the YSNCCP/HCP are 
expected to include flood control projects, road improvements, irrigation 
improvements, and future development. The Conservation Strategy could 
contribute to the objectives of the YSNCCP/HCP given the overlap in 
activities. However, given the geographic overlap between the two 
programs and the overlap in target species and habitats, Conservation 
Strategy actions are likely to significantly contribute to YSNCCP/HCP 
objectives of preserving and restoring riparian and wetland habitat, and the 
species of plants and animals found in these habitats. 

2.2.6 Yolo County Natural Heritage Program 
The Yolo County Natural Heritage Program (YNHP) is a county-wide plan 
designed to provide for long-term conservation and management of 
sensitive and at-risk species and the habitats upon which they depend, 
while accommodating other important land uses. The plan, which is still 
under development, will serve as an HCP and NCCP and will cover 



2012 Central Valley Flood Protection Plan 
Attachment 9E: Existing Conservation Objectives from Other Plans 

2-26 January 2011 
 Public Draft 

653,820 acres (YC HCP/NCCP JPA et al., 2004). The plan’s goals and 
objectives are also still under development. 

The YNHP HCP/NCCP will cover of a suite of species associated with 
riverine-lacustrine, emergent wetland, and riparian forest-scrub habitats; 
including VELB, yellow-billed cuckoo, bank swallow, and several riparian-
associated songbirds. YNHP covered habitats potentially related to the 
Conservation Strategy include both riparian and wetland habitats. No fish 
species are covered by the YNHP. 

The YNHP includes a Riparian Habitat Conservation Strategy, the goals of 
which are as follows: 

• Ensure that the full range of riparian habitat conditions are conserved 
throughout the planning area 

• Conserve lands and associated waterways that support natural or 
functional ecosystem processes, including hydrology, or where these 
processes can be restored or provided through management 

• Create a riparian habitat network connected to conserved upland areas 

• Incorporate a range of habitat patch sizes to provide for area-sensitive 
species and a “matrix” of conserved lands providing habitat within the 
working agricultural landscape 

• Restore riparian functions and desirable conditions in areas dominated 
by invasive nonnative species 

• Meet and maintain conservation goals for species covered under the 
YNHP 

• Maintain ecosystem functions of conserved lands through monitoring 
and adaptive management 

• Encourage landowner participation in riparian conservation through an 
incentive-based, collaborative program 

Eastern sections of the county, comprising seven YNHP conservation 
planning units within the Colusa Basin, Yolo Basin, and West Sacramento, 
are within the SPFC Planning Area, and three additional conservation 
planning units along Putah and Cache Creeks are within the Systemwide 
Planning Area. Based on the extensive geographic overlap, target species, 
and habitat coverage between the two plans, the Conservation Strategy will 
likely contribute to the goals of the YNHP. While no specific goals for 
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riparian habitat acreage have yet been established, the Conservation 
Strategy could significantly contribute to the YNHP riparian goals, 
especially in the vicinity of the Yolo Bypass through various actions such 
as habitat restoration, habitat acquisition, and restoration of natural fluvial 
geomorphic processes. 

2.2.7 Placer County Conservation Plan 
The Placer County Conservation Plan (PCCP) will provide a framework to 
protect, enhance and restore natural resources in western Placer County 
(PCCDRA, 2011). The PCCP will achieve conservation goals while 
complying with State and federal regulations and accommodating urban 
and rural growth. The PCCP includes a joint NCCP/HCP and a County 
Aquatic Resources Program that will protect streams, wetlands, and other 
water resources and fulfill the requirements of the federal Clean Water Act 
and analogous State laws and regulations. Proposed covered species 
include riparian and aquatic species such as Swainson’s hawk, bank 
swallow, giant garter snake, and salmonids. 

Overall goals of the PCCP that align closely with Conservation Strategy 
objectives include the following: 

• Sustain all natural communities that are currently present in the western 
Placer County landscape 

• Partially restore or enhance certain natural communities and ecosystem 
processes and functions (in particular, aquatic and wetland ecosystems 
and riparian habitats overlap with Conservation Strategy objectives) 

• Ensure population stability and sustainability of covered species and 
contribute to the recovery of those species 

• Maintain connectivity between habitats across the landscape 

Measureable objectives for conservation and management of riverine and 
riparian communities of the PCCP include: 

• Protect stream reaches within the planning area to promote habitat 
function (i.e., water temperature and shade conditions suitable for 
covered fish), and movement of animals and plants (i.e., dispersal of 
seeds of riparian species) along riverine and riparian corridors that 
traverse the planning area 

• Restore stream reaches that support covered fish, amphibians, and 
reptile species within the reserve system to improve natural community 
function, connectivity, and water quality 
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• Enhance stream reaches within the reserve system to maintain and 
improve ecosystem functions and connectivity between habitats 

• Protect valley foothill riparian habitat within the reserve system to 
promote habitat function within riparian and riverine habitats, and 
facilitate wildlife movement across the planning area landscape 

• Restore valley foothill riparian habitat within the reserve system to: 
connect fragmented riparian corridors; slow the movement of flood 
waters; allow the deposition of sediment to improve channel and bank 
formation processes; reduce sediment loading in river and stream 
systems; and improve habitat for covered species, including the 
creation of complex rearing habitat for covered fish species 

• Enhance functional valley foothill riparian communities that benefit 
covered species and promote native biodiversity 

PCCP covered activities include instream projects, infrastructure projects, 
O&M, and conservation strategy implementation. The initial permit term is 
proposed to be 50 years; 31 species are proposed to be covered (26 animals 
and 5 plants), including VELB, salmonids, giant garter snake, Swainson’s 
hawk, and bank swallow. PCCP actions include the creation of a 30,000- to 
50,000-acre reserve for the benefit of natural communities, covered 
species, biological diversity, and ecosystem function that, among other 
goals, will provide for timely restoration, protection, and management of 
riparian woodland and other wetlands. 

The PCCP planning area includes approximately 212,000 acres in western 
Placer County, the vast majority of which lies outside the SPFC Planning 
Area and Systemwide Planning Area. Small areas of overlap occur along 
the Bear River in extreme western Placer County and around Folsom 
Reservoir. Although geographic overlap is limited between the two 
planning efforts, Conservation Strategy actions may contribute to PCCP 
conservation objectives. Potentially relevant actions would be those that 
contribute to the reserve system or that preserve, restore, or enhance areas 
adjacent to PCCP reserves and those that benefit covered riparian aquatic 
species such as VELB, salmonids, giant garter snake, Swainson’s hawk, 
and bank swallow. 
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2.2.8 Butte Sink, Willow Creek-Lurline, and North 
Central Valley Wildlife Management Areas 
Comprehensive Conservation Plan 

The USFWS is preparing a CCP for Butte Sink, Willow-Creek-Lurline, and 
North Central Valley Wildlife Management Areas (WMA) located within 
the Central Valley (USFWS, 2010). The 10,260-acre Butte Sink WMA, 
5,795-acre Willow-Creek Lurline WMA, and the 14,740-acre North 
Central Valley WMA include both USFWS-owned lands and private lands 
protected with conservation easements. These WMAs were established 
primarily to preserve existing and restored wetlands for waterfowl and 
other wetland-dependent wildlife. The CCP planning area is located within 
the SPFC Planning Area and Systemwide Planning Area. The CCP’s goals 
and objectives are still under development; thus, it is unknown whether the 
Conservation Strategy would contribute to the goals and objectives of the 
CCP. 

2.2.9 Public Draft Recovery Plan for Evolutionarily 
Significant Units of Sacramento River Winter-Run 
Chinook Salmon and Central Valley Spring-Run 
Chinook Salmon and Distinct Population Segment 
of Central Valley Steelhead 

The NMFS Public Draft Recovery Plan for the Evolutionarily Significant 
Units of Sacramento River Winter-Run and Central Valley Spring-Run 
Chinook Salmon, and the Distinct Population Segment of Central Valley 
Steelhead, has been in draft form since 2009. Its primary goal is to improve 
the viability of these species and remove them from federal protection 
under the ESA. The draft recovery plan identifies recovery objectives and 
criteria based on attaining viable populations of each of the ESUs and 
district population segments (DPS) in specific geographic areas. Priority 
recovery actions include phased reintroduction of fish into primary 
candidate watersheds, restoration of ecological flows throughout the 
Sacramento and San Joaquin river basins and the Delta, large-scale Delta 
ecosystem restoration, restoration of ecological habitat function and 
decrease in nonnative fish predation, implementation of all phases of the 
Battle Creek Restoration Program and the SJRRP, and incentives for 
statewide water conservation, among other priorities. In addition, it 
specifies a recovery criterion of restoring and maintaining a continuous 
100-mile stretch of riparian habitat and functioning floodplains of an 
“appropriate science-based width to maintain ecologically viable flood-
prone lands along both banks of the Sacramento River between Colusa and 
Verona” (NMFS, 2009b). 

The draft recovery plan area overlaps the SPFC Planning Area and 
Systemwide Planning Area, but the recovery plan area is larger and 
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includes many more miles of rivers and tributary creeks that provide 
rearing, migration, or spawning habitat for these species. Conservation 
Strategy actions may contribute significantly to the draft recovery plan; 
such actions are those that (1) restore floodplain habitat to support juvenile 
Chinook salmon and steelhead rearing (e.g., constructing new flood 
bypasses, expanding existing bypasses, setting back existing levees), (2) 
increase instream habitat suitability and complexity (removing bank 
revetment, modifying O&M practices), and (3) increase availability of SRA 
habitat. 

2.3 Plans Identifying Specific Geographic Areas 
Without Quantifying Conservation Measures 

Plans that are spatially defined but lack quantitative objectives are 
described below, and include recovery plans and other geographically 
based planning efforts. 

2.3.1 Draft Recovery Plan for the Giant Garter Snake 
The Draft Recovery Plan for the Giant Garter Snake describes 
conservation actions that, if implemented, could contribute to delisting the 
federally threatened giant garter snake (USFWS, 1999). The draft recovery 
plan contains several conservation actions, including protection of existing 
giant garter snake populations and habitat and restoration of populations to 
former habitat. The draft recovery plan estimates that giant garter snake 
could be delisted by 2028 if recovery criteria are met. 

The draft recovery plan defines four recovery units in the Sacramento and 
San Joaquin valleys: (1) the Sacramento Valley Unit, extending from the 
vicinity of Red Bluff south to the confluence of the Sacramento and 
Feather rivers; (2) the Mid-Valley Unit, extending from the American and 
Yolo basins south to Duck Slough near the City of Stockton; (3) the San 
Joaquin Valley Unit, extending south from Duck Slough to the Kings 
River; and (4) the South Valley Unit, extending south from the Kings River 
to the Kern River Basin. Recovery Units 1 and 2 overlap with the SPFC 
Planning Area and Systemwide Planning Area as does the majority of 
Recovery Unit 3; Recovery Unit 4 lies outside the boundaries of both 
CVFPP planning areas. 

The giant garter snake and its habitat (i.e., marshes, sloughs, and other 
perennial waters dominated by emergent, herbaceous vegetation as well as 
suitable brumation habitat above floodwaters) are the focus of the draft 
recovery plan; however, species that use wetland and marsh habitats within 
the Sacramento and San Joaquin valleys, such as tricolored blackbird, 
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white-faced ibis (Plegadis chihi), western pond turtle, and various species 
of waterfowl, would also likely benefit from implementation of the draft 
recovery plan. 

Conservation Strategy actions that may contribute to the conservation 
objectives of the draft recovery plan include those that restore or enhance 
giant garter snake habitat outside floodways associated with major rivers of 
the Sacramento and San Joaquin valleys, and those that create suitable 
giant garter snake aquatic habitat by creating new flood bypasses or 
changing the operation of existing bypasses. 

2.3.2 Draft Recovery Plan for the Least Bell’s Vireo 
The Draft Recovery Plan for the Least Bell’s Vireo describes conservation 
actions that, if implemented, could contribute to reclassification of the least 
Bell's vireo from endangered to threatened, and ultimately, delisting 
(USFWS, 1998a). Instrumental to this strategy is securing and managing 
riparian habitat within the historical breeding range of the least Bell's vireo, 
annual monitoring and range-wide surveys, and research activities 
necessary to monitor and guide the recovery effort. A delisting target date 
was not projected in the draft recovery plan. 

Historically, least Bell's vireo was widespread throughout riparian 
woodlands in the Central Valley and low-elevation riverine valleys of 
California. The breeding distribution of the least Bell's vireo is currently 
restricted to areas outside the SPFC Planning Area and Systemwide 
Planning Area in Southern California and Baja California, although singing 
birds have recently been recorded within the historical breeding range, for 
example in Yolo County. Within CVFPP planning area, potential least 
Bell's vireo habitat includes Caswell Memorial State Park (Stanislaus 
River), Cosumnes River Preserve, Bobelaine Sanctuary (Feather River), 
Butte Sink, Big Chico Creek to the mouth of Pine Creek, and the 
Sacramento River (Hanson Island to Parrot Landing, River Miles (RM) 170 
to 181; Merrill's Landing at RM 212 to 215; and Woodson Bridge-Kopta 
Slough at RM 218 to 220). 

The least Bell's vireo typically inhabits structurally diverse riparian areas, 
including cottonwood-willow forests, oak woodlands, and mule fat 
(Baccharis salicifolia) scrub. While the draft recovery plan focuses on the 
least Bell's vireo, implementing actions contained in the draft recovery plan 
could benefit other sensitive species found in San Joaquin and Sacramento 
valley riparian ecosystems, including VELB, ye1low-billed cuckoo, bank 
swallow, and riparian brush rabbit. 

Conservation Strategy actions that restore or enhance riparian and wetland 
habitat along major rivers of the Sacramento and San Joaquin valley could 
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contribute to the conservation objectives of the draft recovery plan. 
Conservation Strategy actions may contribute to the availability of suitable 
least Bell's vireo habitat in the Sacramento and San Joaquin valleys, if 
those actions result in (1) restoration of natural fluvial and geomorphic 
processes, such as meander migration, bank erosion, sediment deposition, 
and riparian habitat disturbance and succession (e.g., construction of 
setback levees, removal of levees, removal of bank revetment), and (2) 
active restoration of riparian habitat (i.e., planting trees and shrubs). 
Successful reintroduction of least Bell's vireo to the Conservation 
Strategy’s SPFC Planning Area or Systemwide Planning Area may be 
enhanced by an expansion of potentially suitable riparian habitat. 

2.3.3 Valley Elderberry Longhorn Beetle Recovery Plan 
The Recovery Plan for the Valley Elderberry Longhorn Beetle (USFWS, 
1994) summarizes the current literature on VELB, prescribes actions 
necessary to acquire additional biological data, and recommends actions 
necessary for species preservation, maintenance, and recovery. Primary 
objectives of the recovery plan are to protect the three known localities that 
support the species (at the time of plan development), survey riparian 
vegetation along certain Central Valley rivers for remaining VELB 
colonies and habitat, provide protection to remaining habitat within its 
suspected historic range, and determine the number of sites and populations 
necessary to eventually delist the species. According to the recovery plan, 
information on VELB life history, distribution, and habitat requirements is 
insufficient and, therefore, precise recommendations for its recovery are 
not provided. Additionally, the conditions under which the species can be 
considered “recovered” are to be determined. 

Although the entire historical distribution of the VELB is unknown, 
extensive destruction of riparian forests of the Central Valley during the 
past 150 years strongly suggests that the species’ range has decreased and 
become fragmented. At the time that the recovery plan was prepared, the 
VELB was known from only four locations within SPFC Planning Area or 
Systemwide Planning Area. After the recovery plan was prepared, VELB 
were located in suitable riparian habitat throughout the Systemwide 
Planning Area and SPFC Planning Area, and occasionally in oak 
woodlands and other nonriparian areas supporting the species’ host plant, 
blue elderberry (Sambuccus mexicana). The USFWS is currently 
determining whether delisting is warranted based on additional information 
collected since the species was originally listed. 

The recovery plan calls for protection of VELB habitat throughout riparian 
areas within the Sacramento and San Joaquin valleys, an area that overlaps 
the entirety of the SPFC Planning Area and Systemwide Planning Area as 
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well as areas outside their boundaries (e.g., the lower Kern River). 
Conservation Strategy actions that result in the preservation, protection, 
and restoration, or enhancement of VELB habitat (i.e., elderberry scrub and 
riparian woodland) associated with the major rivers of the Sacramento and 
San Joaquin valleys would significantly contribute to the conservation 
objectives of the recovery plan. 

2.3.4 Bank Swallow Recovery Plan 
The Recovery Plan for the Bank Swallow (DFG, 1992) describes specific 
management strategies for recovery of the bank swallow. The primary 
recovery goal is the maintenance of a self-sustaining wild population. 
Objectives are to ensure that (1) the remaining population of this species 
does not suffer further declines in either range or abundance, and (2) 
sufficient habitat is available to ensure that the species will be able to 
survive as a member of California's native avifauna. Enhancing existing 
populations and reestablishing populations in target areas are additional 
objectives. Specific habitat protection objectives include maintaining 
riparian vegetation on the Sacramento River between Chico Landing and 
Red Bluff and habitat acquisitions in the Sacramento River NWR and the 
upper Sacramento River where there are abundant bank swallow colonies. 
Setback levees allowing channel meander have also been identified as 
alternative recovery actions. 

Conservation Strategy actions that result in the restoration or enhancement 
of riparian and wetland habitat associated with major rivers of the 
Sacramento and San Joaquin river valleys would potentially contribute to 
the conservation objectives of the recovery plan. Conservation Strategy 
actions may contribute to the availability of potentially suitable bank 
swallow nesting habitat in the Sacramento and San Joaquin river valleys, if 
those actions result in the restoration of natural fluvial and geomorphic 
processes, such as meander migration and bank erosion. 

2.3.5 California Red-Legged Frog Recovery Plan 
The Recovery Plan for the California Red-Legged Frog (USFWS, 2002) 
describes eight recovery units, so that recovery strategies can be tailored to 
each recovery unit to best meet the goal of delisting the species. The 
strategy for recovery includes: (1) protecting existing populations by 
reducing threats, (2) restoring and creating habitat that will be protected 
and managed in perpetuity, (3) surveying and monitoring populations and 
conduction research on the biology of and threats to the species, and (4) 
reestablishing populations of the subspecies within its historic range. 
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Two recovery units overlap with the SPFC Planning Area and Systemwide 
Planning Area: the Sierra Nevada foothills and Central Valley and the 
North Coast range foothills and western Central Valley recovery units. 
Core areas were identified within each recovery unit where recovery 
actions are focused. The core areas, when protected and managed for 
California red-legged frogs, will allow for long-term viability of existing 
populations and reestablishment of populations within the historic range. 
They were selected based on the following criteria: (1) occupied by 
California red-legged frogs, (2) where populations of California red-legged 
frogs are source populations, (3) areas that provide connectivity between 
source populations, and (4) that represent areas of ecological significance. 
Channelization and flood control maintenance degrade California red-
legged frog habitat. 

Conservation Strategy goals of increasing and improving the quantity, 
diversity, quality, and connectivity of riverine habitats through corridor 
management planning and easements in areas where recovery unit core 
areas have been identified (e.g., Yuba River, Feather River) could 
potentially contribute to the conservation objectives of the recovery plan. 
Conservation Strategy actions may contribute to the availability of 
potentially suitable California red-legged frog habitat in tributaries of the 
Sacramento River, if those actions protect suitable habitats and buffer areas 
long term though conservation easements, preserves, or mitigation banks. 

2.3.6 Recovery Plan for Upland Species of the San 
Joaquin Valley, California 

The riparian brush rabbit and riparian woodrat are addressed in the 
Recovery Plan for Upland Species of the San Joaquin Valley, California 
(USFWS, 1998b). Most of the 34 species addressed in the recovery plan 
occur in arid grasslands and shrublands; however, the riparian woodrat and 
riparian brush rabbit inhabit forested river corridors of portions of the San 
Joaquin River and its tributaries on the San Joaquin Valley floor. Potential 
conservation actions for the riparian brush rabbit include expansion of 
Caswell Memorial State Park and establishment of viable populations 
within the historical range through reintroduction, habitat restoration, and 
management of habitat. Potential conservation actions for the riparian 
woodrat include establishing habitat linkages between remnants of riparian 
habitat, reintroduction, habitat restoration, and habitat management. 
Conservation Strategy actions that include restoration or enhancement of 
riparian habitat in the San Joaquin Valley may contribute to the 
conservation of the riparian brush rabbit and riparian woodrat by increasing 
their population sizes and distribution in the San Joaquin Valley. 
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2.3.7 The Nature Conservancy Sacramento River Project 
Through the Sacramento River Project (SRP), TNC and its partners, which 
include local landowners, nonprofit organizations, the California 
Department of Parks and Recreation, DWR, USFWS, and U.S. Army 
Corps of Engineers (USACE), are implementing projects to protect and 
restore riparian habitat on the Sacramento River between Red Bluff and 
Colusa (TNC 2011). TNC intends to preserve an additional 6,000 acres of 
land by 2015 within this reach of the Sacramento River and to restore 
riparian habitat, where appropriate, on these lands. Focus species include 
those that use riparian areas and SRA habitat along the Sacramento River, 
including VELB, salmonids, bank swallow, least Bell’s vireo, yellow-billed 
cuckoo, and Swainson’s hawk. The SRP area is wholly contained within 
the SPFC Planning Area and Systemwide Planning Area. 

Conservation Strategy actions that may be implemented within this reach 
of the Sacramento River, such as construction of setback levees, removal of 
levees and bank revetment, habitat restoration, floodplain creation 
(including creation of off-channel habitats), and similar conservation 
actions, would make a significant contribution to TNC’s goals for the SRP. 

2.3.8 Sacramento River Conservation Area Forum 
The Sacramento River Conservation Area Forum (SRCAF) is a nonprofit 
organization that evolved from California Senate Bill 1086, which called 
for creating a management plan to protect, restore, and enhance fisheries 
and riparian habitat along the Sacramento River. Since passage of Senate 
Bill 1086 in 1986, SRCAF has published numerous planning documents, 
including the following: 

• Upper Sacramento River Fisheries and Riparian Habitat Management 
Plan, 1989 (USRFRHAC, 1989) 

• SRCAF Handbook, 2003 (SRAC, 2003) 

• Draft Programmatic Safe Harbor Agreement (ongoing, N.D.; SRCAF, 
2009) 

• Strategic Plan covering 2008 to 2011 (SRCAF, date unknown) 

The Sacramento River Conservation Area defined in the 2003 SRCAF 
Handbook includes the Sacramento River from Verona (the confluence of 
the Feather and Sacramento rivers), upstream to Keswick Dam north of 
Redding. This area overlaps completely with the Systemwide Planning 
Area with a small portion near Verona extending into the SPFC Planning 
Area. 
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The goal of SRCAF is to preserve remaining riparian habitat and 
reestablish a continuous riparian ecosystem along the Sacramento River 
between Redding and Chico, and to reestablish riparian vegetation below 
Chico to Verona wherever possible. In achieving those goals, six principles 
are to be followed as actions are planned and implemented. Main ideas of 
the principles are as follows: 

• Use an ecosystem approach that contributes to recovery of threatened 
and endangered species and that is sustainable by natural processes. 

• Use effective and least environmentally damaging bank protection 
measures, and, where appropriate, operate within the parameters of 
local, State, and federal flood control programs. 

• Operate within the parameters of local, State and federal flood control 
and bank protection programs. 

• Recognize that landowners’ participation is voluntary, never 
mandatory. 

• Give full consideration to landowner, public, and local government 
concerns. 

• Provide accurate and accessible information and education. 

Conservation Strategy actions that could contribute to the conservation 
objectives of the SRCAF are any related to riparian habitat acquisition and 
restoration along the Sacramento River above Verona, as well as 
restoration of natural fluvial and geomorphic processes that lead to the 
recruitment and sustainability of riparian communities. 

2.3.9 Comprehensive Management Plan for the 
Sacramento River Wildlife Area 

The Sacramento River Wildlife Area (SRWA) encompasses approximately 
3,770 acres of important riparian habitat located along a 70-mile reach of 
the Sacramento River. The SRWA includes 13 physically separate units 
that extend from RM 145 just north of the City of Colusa, upstream to RM 
215, which is three miles south of Woodson Bridge near Corning. 

Biological goals were developed in the Comprehensive Management Plan 
for the Sacramento River Wildlife Area to guide management based on 
maintaining natural riverine processes, and enhancing or restoring species 
populations or habitats (DFG, 2004). Biological element goals include: 
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• Preserving remaining riparian habitat and reestablishing a continuous 
riparian ecosystem along the Sacramento River between Red Bluff and 
Chico and reestablishing riparian vegetation along the river from Chico 
to Verona. 

• Maintaining and enhancing habitat for special status species. 

• Supporting natural processes that result in the creation and 
enhancement of habitat. 

• Maximizing habitat value of the SRWA. 

• Supporting scientific research and monitoring. 

• Supporting the conservation of wildlife habitat on privately owned land 
along the Sacramento River. 

Specific tasks were also identified to achieve the biological element goals. 
Management coordination element goals were also identified and include 
supporting the Hamilton City flood damage reduction and ecosystem 
restoration project. 

Conservation Strategy actions related to riparian habitat, as well as 
restoration of natural fluvial and geomorphic processes that would lead to 
the recruitment and sustainability of riparian communities and habitat for 
special status species, would contribute to the goals of the SRWA. 
Conservation Strategy actions may contribute to the overall goal of 
preserving remaining riparian habitat, reestablishing a continuous riparian 
ecosystem along the Sacramento River between Red Bluff and Chico and 
reestablishing riparian vegetation along the river from Chico to Verona, 
and supporting natural processes that result in the creation and 
enhancement of habitat. 

2.3.10 Yolo Bypass Wildlife Area Land Management Plan 
The Yolo Bypass Wildlife Area (YBWA) is composed of approximately 
16,770 acres of managed wildlife habitat and agricultural land within the 
Yolo Bypass. The Yolo Bypass conveys seasonal high flows from the 
Sacramento River to help control river stage and protect the cities of 
Sacramento, West Sacramento, and Davis and other local communities, 
farms, and lands from flooding. 

Biological goals were developed in the Yolo Bypass Wildlife Area Land 
Management Plan (LMP) to address specific biological elements, such as 
(1) including management and maintenance of habitat supporting the 
following species guilds: waterfowl, shorebird/wading birds, upland game 
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birds, raptors, cavity-nesting birds, neotropical birds, waterbird species 
associated with emergent marsh vegetation, and (2) maintaining and 
enhancing foraging opportunities for breeding colonies of bats (DFG and 
Yolo Basin Foundation, 2008). The goal for nonnative invasive species is 
to prevent introduction and spread of species that have no benefit to 
wildlife or impacts to special-status plants. 

The goals include maintaining and enhancing communities for native 
species diversity and abundance, and restoring and enhancing communities 
to conditions that provide desired ecological functions. These goals apply 
to seasonal and permanent wetlands, riparian, grassland and upland 
vegetative communities, and aquatic ecosystems. 

Management goals include coordinating federal, state, and local agencies 
regarding plans and projects that may affect habitats and/or management at 
the YBWA, and coordinating with flood control agencies regarding flood 
control and management in the Yolo Bypass. 

The Conservation Strategy may contribute to the LMP goals, based on the 
extensive geographic overlap and target species and habitat coverage 
between the two plans. While no specific goals for riparian habitat acreage 
have yet been established, the Conservation Strategy actions may 
significantly contribute to the wildlife area’s riparian goals in the Yolo 
Bypass through various actions such as habitat restoration, habitat 
acquisition, and restoration of natural fluvial geomorphic processes. 
Conservation Strategy actions may also contribute to increasing seasonal 
and permanent wetland habitats important for supporting the LMP’s 
biological goals (species guilds). 

2.3.11 California Water Plan 
The California Water Plan (CWP), last updated in 2009, provides a 
planning framework for elected officials, agencies, tribes, water and 
resource managers, businesses, academia, stakeholders, and the public for 
making informed decisions about California’s water future (DWR, 2009). 
The CWP is updated every five years and presents the status and trends of 
California's water-dependent natural resources; water supplies; and 
agricultural, urban, and environmental water demands for a range of 
plausible future scenarios. The CWP also evaluates different combinations 
of regional and statewide resource management strategies to reduce water 
demand, increase water supply, reduce flood risk, improve water quality, 
and enhance environmental and resource stewardship. Objectives of the 
CWP that may be relevant to the Conservation Strategy include: 
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• Promote, improve, and expand Integrated Regional Water 
Management to create and build on partnerships that are essential 
for California water resources planning, sustainable watershed and 
floodplain management, and increasing regional self-sufficiency. 

• Use water more efficiently with significantly greater water 
conservation, recycling, and reuse to help meet future water 
demands and adapt to climate change. 

• Advance and expand conjunctive management of multiple water 
supply sources with existing and new surface and groundwater 
storage to prepare for future droughts, floods, and climate change. 

• Protect and restore surface water and groundwater quality to 
safeguard public and environmental health and secure California’s 
water supplies for beneficial uses. 

• Practice, promote, improve, and expand environmental stewardship 
to protect and enhance the environment by improving watershed, 
floodplain, and instream functions and to sustain water and flood 
management systems. 

• Promote and practice integrated flood management to provide 
multiple benefits including better emergency preparedness and 
response, higher flood protection, more sustainable flood and water 
management systems, and enhanced floodplain ecosystems. 

• Set as co-equal goals a healthy Delta ecosystem and a reliable water 
supply for California and recognize the Delta as a unique and 
valued community and ecosystem to promote and practice 
management for a sustainable California Delta. 

The CWP includes the entire state of California which, therefore, includes 
the entire SPFC Planning Area and Systemwide Planning Area. The 
Conservation Strategy would contribute to the objectives of the CWP 
because the objectives of both plans include flood management while 
promoting floodplain and instream protection and enhancement. The CWP 
can be used as a guide for developing recommended actions within the 
Conservation Strategy. As the Conservation Strategy is being developed, 
synergies between it and the CWP will be explored. 
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2.3.12 State and Regional Water Board Plans 
The California State and Regional Water Boards are involved in several 
efforts within the Systemwide Planning Area, including the Water Quality 
Control Plan for the Sacramento River and San Joaquin River Basins (Hart 
et al., 2011), Water Quality Control Plan for the San Francisco 
Bay/Sacramento-San Joaquin Delta Estuary (Kapahi et al., 2006), and the 
Wetland and Riparian Protection Policy (DFG and SWRCB, 2011). 

The Water Quality Control Plan for the Sacramento River and San Joaquin 
River Basins (Hart et al., 2006) provides numerical and narrative water 
quality objectives for fish and wildlife beneficial uses, and for agriculture, 
silviculture, recreational, fishing, municipal and industrial beneficial uses. 
The plan overlaps spatially with the SPFC and SPA, but its objectives are 
based on water quality, rather than habitat. 

The Water Quality Control Plan for the San Francisco Bay/Sacramento-
San Joaquin Delta Estuary (Kapahi et al., 2006) provides numerical and 
narrative water quality objectives for fish and wildlife beneficial uses, and 
for agriculture, municipal and industrial beneficial uses. Implementation 
measures include flow-based objectives: Delta outflows, river flows on the 
Sacramento River at Rio Vista, river flows on the San Joaquin River at 
Airport Way Bridge, Vernalis, export limits, Delta Cross Channel gates 
operation; and salinity objectives. The plan overlaps spatially with the 
SPFC and SPA, but its objectives are based on flows and water quality, 
rather than habitat. 

The Wetland and Riparian Protection Policy 5-year coordinated work plan 
for wetlands conservation (DFG and SWRCB, 2011) describes a state-wide 
approach to wetlands conservation to be conducted by each agency. The 
WRCB identifies adoption of the Wetland and Riparian Protection Policy, 
which is under development, to occur in late 2012, providing the 
foundation for additional phases: 

• Phase 1 includes developing a wetland definition, a regulatory 
mechanism for discharge of dredge and fill material to State waters, 
including wetlands, and an assessment method for collecting water 
quality and wetland data to monitor progress toward water quality and 
wetland protection and evaluate program development.  

• Phase 2 expands the scope of the policy to protect wetlands from all 
other activities potentially impacting water quality, and includes 
identification of water quality objectives to support beneficial uses. 

• Phase 3 will identify, protect, and promote restoration of riparian areas 
and their functioning to support water quality and beneficial uses, 
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including a definition for riparian areas and identification of water 
quality objectives to support beneficial uses.  

As the Conservation Strategy is being developed, synergies between it and 
the Wetland and Riparian Protection Policy will be explored. 
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AFRP ................................... Anadromous Fish Restoration Program 
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BDCP ................................... Bay-Delta Conservation Plan 

BO ........................................ biological opinion 

BRHCP ................................ Butte Regional Habitat Conservation Plan 
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CEQA ................................... California Environmental Quality Act 
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Framework 

Conservation Strategy .......... Central Valley Flood System Conservation 
Strategy 

Covered species ................... Species covered by an Habitat Conservation 
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CRPMP ................................ Cosumnes River Preserve Management 
Plan 

CVFPP ................................. Central Valley Flood Protection Plan 

CVJV .................................... Central Valley Joint Venture 

CVP ...................................... Central Valley Project 

CVPIA .................................. Central Valley Project Improvement Act 

CWP ..................................... California Water Plan 

Delta ..................................... Sacramento-San Joaquin Delta 

DFG……………………………California Department of Fish and Game 

DPS ...................................... distinct population segment 

DWR .................................... California Department of Water Resources 
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ECCCHCP ........................... East Contra Costa County Habitat 
Conservation Plan 

ESA ...................................... Endangered Species Act 

ESU ...................................... ecologically significant unit 

HCP ..................................... Habitat Conservation Plan 

HRP……………………………Habitat Restoration Program 

JPA ...................................... Joint Powers Agency 

LMP ...................................... Land Management Plan 

LWD……………………………large woody debris 

MSCS ................................... Multi-Species Conservation Strategy 

NBHCP ................................ Natomas Basin Habitat Conservation Plan 

NCCP ................................... Natural Communities Conservation Plan 

NCCPA ................................ Natural Community Conservation Planning 
Act 

NEPA ................................... National Environmental Policy Act 

NMFS ................................... National Marine Fisheries Service 

NWR .................................... National Wildlife Refuge 

O&M ..................................... operations and maintenance 

OCAP ................................... Operations Criteria and Plan 

PCCP ................................... Placer County Conservation Plan 

PG&E………………………….Pacific Gas & Electric Company 

PG&E HCP……………………Pacific Gas & Electric Company, Habitat 
Conservation Plan 

Reclamation ......................... U.S. Department of the Interior, Bureau of 
Reclamation 

RM ....................................... river mile 

RPA ...................................... reasonable and prudent alternative 

SJMSCP............................... San Joaquin County Multi-Species HCP 

SJRRP ................................. San Joaquin River Restoration Program 

SMSHCP .............................. Solano Multi-Species Habitat Conservation 
Plan 

SPFC ................................... State Plan of Flood Control 

SRA ...................................... shaded riverine aquatic 

SRCAF ................................. Sacramento River Conservation Area Forum 

SRP ...................................... Sacramento River Project 
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SRWA .................................. Sacramento River Wildlife Area 

SSHCP ................................. South Sacramento Habitat Conservation 
Plan 

SWP ..................................... State Water Project 

TNBC………………………….The Natomas Basin Conservancy 

TNC ...................................... The Nature Conservancy 

UDA ..................................... Urban Development Area 

USACE ................................. US Army Corps of Engineers 

USFWS ................................ U.S. Fish and Wildlife Service 

VELB .................................... valley elderberry longhorn beetle 

WAP………………………….. Water Acquisition Program 

WMA .................................... Wildlife Management Area 

YBWA .................................. Yolo Bypass Wildlife Area 

YNHP ................................... Yolo County Natural Heritage Program 

YSNCCP .............................. Yuba/Sutter Natural Community 
Conservation Plan 

YSNCCP/HCP ...................... Yuba/Sutter Natural Community 
Conservation Plan and Habitat Conservation 
Plan 
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1.0 Introduction 

This section provides an overview of the attachment and document 

organization. 

1.1 Overview 

Ecosystem restoration is a key component of the Central Valley Flood 

Protection Plan (CVFPP), and actions related to ecosystem restoration have 

been proposed as part of the CVFPP. This report documents an analysis of 

the potential for ecosystem restoration of floodplains within the 

Systemwide Planning Area of the State Plan of Flood Control (SPFC) 

(Figure 1-1). 

To support the identification, development, and implementation of specific 

restoration actions, a Floodplain Restoration Opportunity Analysis (FROA) 

was conducted, which is summarized in this report. This FROA identifies 

areas with greater and/or more extensive potential opportunities for 

ecological restoration of floodplains. It does so by considering physical 

suitability; and opportunities and constraints related to existing land cover 

and land uses, locations and physical condition of levees, locations of other 

major infrastructure, conservation status of land, and locations that 

stakeholders are interested in restoring. 

To evaluate physical suitability, the concept of floodplain inundation 

potential (FIP) was applied in a geographic information system (GIS) 

analysis of corridors along the Sacramento and San Joaquin rivers and their 

major tributaries. This analysis was selected because of the importance of 

floodplain inundation for ecosystem functions. To assess physical 

suitability for restoration actions, the FIP analysis adapted concepts from 

the U.S. Army Corps of Engineers (USACE) Hydrologic Engineering 

Center (USACE-HEC) (USACE-HEC, 2009), the Frequently Activated 

Floodplain concept of Williams et al. (2009), and the Height Above River 

(HAR) GIS tool of Dilts et al. (2010). FIP analysis identifies areas of 

floodplain, both directly connected to the river and disconnected from the 

river (e.g., behind natural or built levees or other flow obstructions) that 

could be inundated by particular floodplain flows. The flows evaluated by 

the FROA included a spring flow sustained for at least 7 days and 

occurring in 2 out of 3 years (a 77 percent chance event), and 50 and 10 

percent chance peak flows. 
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Figure 1-1.  Central Valley Flood Protection Plan Planning Area 
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This analysis adapted existing models and hydrologic data, and thus, the 

FROA is limited to those reaches of the Sacramento and San Joaquin rivers 

and their tributaries for which such resources were available. Consequently, 

the FROA includes the Sacramento River from Woodson Bridge State 

Recreation Area to Collinsville, the San Joaquin River from Friant Dam to 

Stockton, the lower Feather River, and the lowermost reaches of other 

major tributaries of the Sacramento and San Joaquin rivers (i.e., the Bear, 

Yuba, American, Stanislaus, Tuolumne, and Merced rivers). It does not 

include smaller tributaries. The Sutter and Yolo bypasses are also included. 

For the included river reaches and bypasses, oopportunities and constraints 

based on existing land use and land cover, major infrastructure locations, 

and conservation status were determined from existing and available 

geospatial data for existing wetland and riparian vegetation, Important 

Farmland (as defined by DOC, 2011), and urban areas; locations of major 

roads, highways, and railways; and land ownership and management. Four 

primary categories of existing land use and land cover were considered: 

developed, irrigated agricultural, open water, and natural; with natural land 

cover subdivided into wetland, riparian, and upland. 

Stakeholder interest in restoration actions was compiled through focused 

outreach and review of existing reports. Stakeholders were interviewed to 

document potential ecosystem restoration projects previously identified by 

various CVFPP stakeholder groups throughout the Systemwide Planning 

Area. Specific information regarding potential restoration projects 

identified by stakeholders has been considered confidential. In addition to 

these interviews, existing reports that identified potential ecosystem 

restoration opportunities were also reviewed. Projects in reviewed reports 

that were located within the Systemwide Planning Area and that would 

provide ecosystem benefits were included with the group of stakeholder-

identified projects and areas of interest. 

The relationships among areas of physical suitability and opportunities and 

constraints were used to characterize river reaches and identify reaches 

with greater and/or more extensive potential opportunities for restoration. 

Reach boundaries were at junctions with tributaries and other frequently 

recognized boundaries (e.g., reach boundaries used by the San Joaquin 

River Restoration Program (SJRRP)). 

The results of the FROA are intended to support the subsequent 

identification, prioritization, and further development of specific restoration 

opportunities. Through this subsequent planning, specific opportunities 

would be identified and prioritized on the basis of their potential 

ecological, flood management, and other benefits (e.g., reduced 

maintenance and regulatory compliance costs); cost; and regulatory, 
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institutional, technological, and operational feasibility. This process for 

identifying and prioritizing opportunities would be both part of the 

continuing development of the overall CVFPP and of the development of 

species-focused conservation planning and corridor management strategies. 

The following report summarizes the methods, results, and 

recommendations of the FROA. 

1.2 Report Organization 

The remainder of this attachment is organized into the following sections: 

 Section 2.0, Methods 

 Section 3.0, Results of the Floodplain Restoration Opportunities 

Analysis 

 Section 4.0, Floodplain Restoration Opportunities: Conclusions and 

Recommendations 

 Section 5.0, References 

 Section 6.0, Abbreviations and Acronyms 

 Appendix A, Floodplain Inundation and Ecosystem Functions Model 

Pilot Studies 

 Appendix B, Investigation of USGS 10-Meter DEM Accuracy 

 Appendix C, CVFED LiDAR Terrain Data Comparisons 

 Appendix D, Levee Realignment Methodology 

 Appendix E, Synthetic vs. Observed Hydrographs 

 Appendix F, HEC-EFM Ecosystem Functional Relationships 

 Appendix G, RAS/EFM Analysis FIP-based Mapping 
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2.0 Methods 

2.1 Overview 

This chapter describes the general approach and methods of the FROA, 

which was based in part on the results and conclusions of two pilot studies 

conducted on the lower Feather River.  The specific method used to 

determine FIP is described in detail in Appendix A, which provides the 

methods, results, and conclusions of the two pilot studies conducted on the 

lower Feather River to evaluate the suitability of FIP (an expanded version 

of the HAR method) (Dilts et al., 2010) and USACE-HEC-FEM (USACE-

HEC, 2009) analyses for use in the FROA. 

Traditional approaches for analyzing the inundation characteristics of river 

channel-floodplain land areas typically involve hydraulic models that rely 

on one-dimensional cross sections to describe the land surface. In addition 

to the limitations of cross sections to describe land surfaces, these 

traditional approaches also generally involve a significant amount of time 

to develop and use. However, because of the large geographic area covered 

by the CVFPP and the number of potential ecosystem restoration activities 

within this region, a computational tool capable of rapidly identifying and 

quantifying habitat restoration opportunities was desired.  

Therefore, for this planning-level study, a simplified approach was 

preferred to understand the spatial extent of floodplain land areas that are 

connected and disconnected from the river channel for certain flow 

conditions. The FIP method is a GIS-based approach that does this, 

requires limited field data, is based on simple concepts, and is 

computationally efficient (Dilts et al., 2010). The FIP approach uses readily 

available topographic and hydrologic data sets and GIS analyses to identify 

floodplains potentially inundated under more frequent, ecologically 

valuable flow events (e.g., 50 and 10 percent chance events). Thus, GIS 

layers based on the results of the FIP analysis show floodplains that are 

connected, or could be more readily reconnected, to the river during 

specific flow events. The FIP method is not intended to be a 

replacement for detailed hydraulic models; instead, it is considered a 

viable tool for relatively quickly assessing areas that are physically suitable 

for restoration. 

For the purpose of this work, the “FIP method” is the term used to describe 

the application of GIS tools provided within the ArcGIS Riparian 

Topography Toolbox, as described by Dilts et al. (2010). The ArcGIS 



2012 Central Valley Flood Protection Plan 
Attachment 9F: Floodplain Restoration Opportunity Analysis 

2-2 January 2012 

 Public Draft 

Riparian Topography Toolbox is distributed by Environmental Systems 

Research Institute, Inc. (ESRI) (ESRI, 2011). This GIS software uses 

digital terrain models and water surface elevations from hydraulic 

modeling to calculate the relative height of terrain above a water surface 

and the depth of terrain below a water surface (and thus FIP). It also 

determines the inundated areas that are connected or disconnected from a 

river channel by levees or other obstructions for a given flow event.  

The Floodplain Inundation Pilot Study on the lower Feather River 

(Appendix A) evaluated the adaptation of the HAR tool for use in this FIP 

analysis. It found that the FIP method is a relatively effective way to 

quickly and easily find features on the land surface that are either above or 

below a specified water-surface profile. Color ramping of GIS layers of FIP 

output showing height increments both above the river (i.e., water surface) 

and below can provide a rapid visualization of the low-lying land areas 

physically connected to a river channel, or capable of being connected, and 

the relative depth of these topographic depressions. The results can also be 

used to guide qualitative assessments of potential levee setback locations. 

Although the FIP method is not a substitute for detailed hydraulic 

modeling, it does provide an ability to relatively quickly understand flood 

characteristics across the floodplain landscape. 

The FROA is focused on identifying potential restoration areas based on 

the ecological functions that could be provided by inundated or potentially 

inundated floodplains. Initially, the Ecosystem Functions Model (HEC-

EFM), developed by the USACE-HEC, was considered as a potential tool 

for identifying the ecological functions provided by inundated and 

potentially inundated floodplains. HEC-EFM allows criteria (e.g., timing 

and duration of inundation) to be defined for eco-hydrologic relationships. 

By applying these criteria to stage and flow hydrographs produced by the 

HEC’s River Analysis System (HEC-RAS), HEC-EFM identifies specific 

stages and flows providing specific ecological functions to be identified 

and visualized. 

Consequently, a second pilot study, the HEC-EFM Pilot Study, was 

conducted along the lower Feather River to evaluate use of the HEC-EFM 

in the FROA. For this pilot study, criteria were developed for the 

relationship of cottonwood regeneration and salmonid rearing to flow 

conditions. These criteria were adapted from a previous application of 

HEC-EFM to support the Sacramento-San Joaquin Comprehensive Study 

(Comprehensive Study) (USACE and The Reclamation Board, 2002) and 

from criteria included as part of the Sacramento River Ecological Flows 

Tool (SacEFT) (ESSA Technologies, 2009). These functions were selected 

because of their relationship to lower stage floodplains and the limited 
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extent of these habitat functions throughout the Sacramento and San 

Joaquin river systems. 

The methods, results, and conclusions of this pilot study are provided in 

Appendix A. The study identified several limitations of HEC-EFM for use 

in the FROA: 

 Constraints on the realism of habitat evaluations: (1) use of a single set 

of criteria as opposed to a range that distinguishes optimal from 

suboptimal conditions, (2) lack of coupling of relationships (e.g., 

cottonwood seedling recruitment depends on suitable conditions for 

germination in spring followed by minimal inundation during the 

winter), and (3) the potential for varied relationships between 

ecological functions and hydrologic conditions among the Sacramento 

and San Joaquin rivers and their tributaries. 

 Lack of functional distinctions among evaluated areas: potential habitat 

for the ecological functions selected was largely absent, resulting in 

similar habitat attributes; similar results could occur throughout the 

Sacramento and San Joaquin river systems, 

 Cost of application: the time required to apply the HEC-EFM model 

would limit analysis to selected reaches of the Sacramento and San 

Joaquin river system. 

Consequently, a more generalized approach was developed for identifying 

floodplain areas where inundation could provide desired ecological 

functions: four types of flows were used in conjunction with the FIP 

method to distinguish floodplain areas that could be physically suitable for 

providing different types or amounts of multiple ecological functions. This 

approach is described in the following section. 

2.2 Floodplain Restoration Opportunity Analysis 
Approach 

As diagrammed in Figure 2-1, the FROA approach consists of three steps: 

 Identify Areas of Physical Suitability. 

 Identify Opportunities and Constraints. 

 Identify Potential Restoration Opportunities. 

The methodology of each of these steps is described in the following 

sections. 
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Figure 2-1.  FROA Approach 

2.2.1 Step 1: Identify Areas of Physical Suitability 

To evaluate physical suitability for restoration actions, the FIP method was 

applied in a GIS analysis of corridors along the Sacramento and San 

Joaquin rivers and their major tributaries. This analysis was selected 

because of the importance of floodplain inundation for ecosystem 

functions, and because, at this planning level of investigation, the FIP 

method provided a relatively rapid approach for assessing floodplain 

inundation, as compared to the alternative use of more detailed hydraulic 

modeling. Furthermore, the pilot project application of the FIP method on 

the Feather River indicated its feasibility for application to the larger 

Sacramento and San Joaquin river systems. 

The FIP analysis provides a spatial representation of floodplain inundation 

areas, and depths, relative to a varying water-surface profile. The FIP 

analysis “projects” a designated water-surface profile laterally from a 

stream centerline through levees or other obstructions out to a 

predetermined distance from a river centerline to provide an estimate of 

floodplain extent and depths if these obstructions were not present. It is 

acknowledged, however, that the actual water surface resulting from the 

removal of a levee or other obstruction would differ from that presented in 

the FIP analysis, but at this planning level the representation of potential 
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floodplain inundation provided by the FIP analysis was deemed acceptable. 

The analysis was based on the results and conclusions of the pilot projects 

(Appendix A). It adapted concepts from the USACE HEC-EFM (USACE-

HEC, 2009), the Frequently Activated Floodplain concept of Williams et 

al. (2009), and the HAR GIS tool of Dilts et al. (2010). 

Several flows and associated water-surface profiles were evaluated using 

the FIP analysis, including: 

 Water-surface profiles at the time of the CVFED (Central Valley 

Floodplain Evaluation and Delineation) Light Detection and Ranging 

(LiDAR) flights in March 2008 representing a low-water baseflow 

condition; termed the “Baseflow” FIP. Areas with Baseflow FIP would 

provide aquatic (riverine or lacustrine) habitats if hydrologically 

connected to a river. 

 Seasonal flows and water-surface profiles derived using HEC-EFM 

representing a spring flow sustained for at least 7 days and occurring in 

2 out of 3 years; termed the “67 percent chance Sustained Spring” FIP. 

Floodplains experiencing such sustained spring inundation would 

provide a variety of ecological functions, and greater aquatic foodweb 

productivity and fish utilization benefits than other floodplains 

(Williams et al. 2009). 

 Peak flows and water-surface profiles associated with the 50 percent 

chance recurrence intervals; termed “50 percent chance” FIP. 

Floodplains inundated by these relatively frequent events would 

regularly sustain fluvial geomorphic processes (such as sediment scour 

and deposition) and provide inputs to the aquatic ecosystem (e.g., 

organic matter, including large woody material), among other 

functions, even where not experiencing sustained spring inundation.  

 Peak flows and water-surface profiles associated with the 10 percent 

chance recurrence interval; termed the “10 percent chance” FIP. 

Floodplains inundated by these less-frequent events but not by 50 

percent chance events would provide ecological functions similar to 

those inundated by more frequent events, but less frequently. 

The analysis of FIP within the Systemwide Planning Area along the 

Sacramento and San Joaquin rivers and their major tributaries required 

topographic and hydraulic data. These data and the specific methods of the 

FIP analysis are described in the following sections. 
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Topographic Data 

Accurate topographic data were required to evaluate FIP for these areas. 

AECOM completed an evaluation of readily available U.S. Geological 

Survey (USGS) 10-meter digital elevation models (DEM), and found that 

the data were not sufficiently detailed for this purpose. 

The CVFED program recently mapped topography throughout the Central 

Valley, using LiDAR. AECOM received the raw LiDAR data files from the 

CVFED program in the fall of 2010. However, the raw data files were not 

usable for the Step 3 analysis, and creation of suitable files from the raw 

data (i.e., a digital terrain model) would duplicate work being completed by 

CVFED, which is not feasible from a cost or time standpoint. 

As a solution to the lack of suitable topographic data, third-party software, 

Global Mapper, was used with the raw CVFED LiDAR data to create 

unprocessed digital terrain models. AECOM completed a test conversion of 

these digital terrain models to ArcGIS format, and found that the resultant 

topographic surface was usable for the FIP analysis, with minor 

modification and post-processing. 

Hydraulic Data 

For the various FIP analyses described above, hydraulic data were required 

to obtain water-surface profiles, with the exception of the Baseflow FIP 

analysis, which simply relied upon the water surfaces at the time of the 

CVFED LiDAR flight. 

Hydraulic data for the 67 percent chance Sustained Spring FIP analysis 

were obtained from an analysis similar to the Feather River HEC-

EFM/HEC-RAS pilot study; with a few differences that are noted and in 

Appendix A.  Similar to the pilot study, HEC-EFM was used to query 

synthetic flow records for the Sacramento and San Joaquin river basins 

based on an ecosystem function relationship (EFR).  The EFR included 

user-defined criteria such as a season, duration, and frequency. However, 

while the pilot study involved a HEC-EFM analysis of flow and stage time 

series produced by unsteady HEC-RAS modeling, findings from the study 

indicated this was not necessary and the remainder of the FROA effort 

simply used CalSim-derived synthetic flows that were queried directly by 

HEC-EFM.  Comprehensive Study and Common Features HEC-RAS 

models were then used in a steady-flow analysis to model the flows 

identified by HEC-EFM, and the FIP tool was used to map the HEC-RAS 

water surface elevations (i.e., stages) at model cross-section locations. 

Major differences between the large-scale HEC-EFM/HEC-RAS analyses 

and the pilot-study analysis included: 
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1. Flow Estimation – CalSim-derived synthetic flows were queried 

directly by HEC-EFM after converting the Excel-based time series flow 

data to USACE-HEC’s Data Storage System (HEC-DSS) format.  For 

the pilot study, the flows were used as boundary conditions to an 

unsteady-flow HEC-RAS model developed by AECOM from the 

Comprehensive Study and Common Features models, and the flows 

and stage time series produced by unsteady HEC-RAS were queried 

using HEC-EFM.  It was initially believed that using HEC-RAS would 

improve the estimate of flows and would also provide useful stage data.  

Following the pilot study however, it was agreed that this step was 

unnecessary and potentially misleading, as it could be perceived that 

using HEC-RAS unsteady flow provided an improvement in the 

estimate of flow rates. Because of the nature of the CalSim-derived 

flows, it was agreed that HEC-RAS would not provide any 

improvement in the estimate of flows (primarily because the flows were 

originally based on a monthly time step). In addition, the hydrographs 

produced by unsteady HEC-RAS for areas with strong backwater 

influence produced significant hysteresis (see HEC-EFM), resulting in 

large run-times for HEC-EFM and major errors in the resulting HEC-

EFM rating curves. Lastly, because the EFR used in the final analysis 

did not require stage data, the CalSim-derived flows alone were 

sufficient for completing the HEC-EFM analysis.  The consensus 

decision by the project team was that this approach provided reasonable 

results consistent with the level of detail provided by the CalSim-

derived flows. 

2. HEC-RAS Modeling – The Sacramento and San Joaquin river basins 

were modeled in HEC-RAS as a single basin-wide model (as opposed 

to subdividing the models into individual rivers). The flow rates 

selected by HEC-EFM were applied at the nearest river station and a 

steady-flow analysis was performed. The main purpose of modeling the 

entire basin as a single model was to provide consistent water surfaces 

at tributary confluences.  A secondary benefit was that the 

Comprehensive Study and Common Features models were originally 

developed as basin-wide models and this reduced the level of effort 

required to subdivide the models. In addition, since the HEC-EFM 

analysis was performed using the CalSim-derived flows directly, 

individual Habitat Analysis Areas (HAA) were not needed (see Section 

2.3.1 for an explanation of HAAs). Additional details regarding the 

HEC-RAS modeling include the following: 

a. Flow regimes were developed in HEC-EFM for each CalSim-

derived node and for those hydrographs developed for tributaries 

not included in the CalSim-derived flow hydrographs. For the San 

Joaquin River, flow regimes were based on the restoration flows 
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required by the San Joaquin River Restoration Settlement (as 

described in Reclamation, 2011). These flow regimes were 

developed by editing the HEC-EFM data file directly with a text-

editor, as opposed to entering them individually in HEC-EFM. Also 

note that the stage data “required” by HEC-EFM is not necessary if 

stage results are not desired; thus, the flow hydrograph was used for 

both the flow and stage data source. 

b. Where CalSim-derived flows were unavailable (e.g., Bear River, 

Yuba River, and Fresno Slough) flow hydrographs were developed 

by taking the difference between the upstream and downstream 

CalSim-derived hydrographs.  This approach was used in the Lower 

Feather River Pilot Study and considered to be a reasonable 

estimate of the tributary flows. At confluences farther upstream on 

these tributaries (e.g., Union Pacific Interceptor Canal (UPIC), Dry 

Creek and Bear Creek (upstream from UPIC/Dry Creek)), the same 

approach could not be used and flows were not available; therefore, 

these areas were not mapped. For other areas where flows were 

unavailable, such as flood control bypasses and diversions and 

sloughs within the northern Sacramento-San Joaquin Delta (Delta), 

these areas were removed from the HEC-RAS models and not 

mapped. 

c. The vertical datum of each model was not revised and was left in 

National Geodetic Vertical Datum of 1929 (NGVD 29). The stages 

output from the GIS extension to the HEC’s River Analysis System 

(HEC-GeoRAS) and used during the FIP were adjusted to North 

American Vertical Datum 1988 (NAVD 88) using the same 

approach as was used for the conversion of the 50 percent and 10 

percent chance stages. 

d. The Sacramento and San Joaquin models were converted to HEC-

RAS 4.1.0 to simplify the export of results to HEC-GeoRAS and 

ArcGIS. 

e. The Sacramento River upstream from River Mile (RM) 143.24 was 

taken from the Sacramento Comprehensive Study model and added 

to the Sacramento River basin-wide Common Features model. The 

Common Features model did not include the Sacramento River 

upstream from RM 143.24. The Comprehensive Study river stations 

were revised to match the Common Features model by subtracting 

0.8812 mile. 
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f. The Mean Tidal Level (MTL) at the Port Chicago tide gage was 

used for a constant downstream stage boundary condition for the 

Sacramento and San Joaquin rivers. This approach was discussed 

by the project team and considered reasonable. Tidal data were 

obtained from the National Oceanic and Atmospheric 

Administration (NOAA) Center for Operational Oceanographic 

Products and Services (NOAA, 2011). The gage’s MTL datum and 

NAVD datum values and the NGVD-to-NAVD conversion factor 

were applied, as follows: 

MTL(NGVD) = (MTL – NAVD) – (NAVD NGVD Conversion 

Factor) 

MTL(NGVD) = (6.56 – 2.89) – (2.613205) 

MTL(NGVD) = 1.0558 feet 

g. The existing HEC-RAS model cross sections were not updated 

because the official DWR review of the new CVFED Task Order 20 

LiDAR-derived DEMs was not complete at the time of this work. 

h. Additional consideration was given to whether alternative analyses 

of sustained spring flows should be performed using either a 

higher/lower frequency, extended duration, or different season.  It 

was agreed that the 67 percent chance relationship used for this 

study was the best suited to identifying potential habitat areas and 

was consistent with past work by others. 

Hydraulic data (flows and stages) for the 50 percent chance and 10 percent 

chance recurrence interval FIP analyses were derived directly from the 

Comprehensive Study UNET models. Each pair of flow and stage values 

represents a discrete reach within the Sacramento and San Joaquin river 

systems. 

An important point to clarify is the difference between the 50 percent 

chance and 10 percent chance recurrence interval FIP analyses versus the 

67 percent chance Sustained Spring FIP analysis. The 50 percent chance 

and 10 percent chance water-surface profile elevations (stages) used for the 

FIP analysis correspond to peak flow conditions derived from a statistical 

flood frequency analysis of a series of maximum annual flows. The stages 

developed for the 67 percent chance Sustained Spring FIP analysis, while 

corresponding to a 67 percent chance frequency, are limited to those events 

that occur between March 15 and May 15 and for no less than 7 days. As a 

result, the 67 percent chance Sustained Spring events are significantly 

smaller flow events than the 50 percent chance and 10 percent chance 



2012 Central Valley Flood Protection Plan 
Attachment 9F: Floodplain Restoration Opportunity Analysis 

2-10 January 2012 

 Public Draft 

events and may correspond to non-storm conditions. For example, 

67 percent chance Sustained Spring FIP on the lower American River and 

Sacramento River downstream from the American River correspond to 

flows of approximately 2,900 to 3,100 cubic feet per second (cfs) and 

21,000 cfs, respectively, which are less than mean monthly winter flows. 

The 67 percent chance Sustained Spring FIP analysis primarily identifies 

potential habitat during spring (e.g., salmonid rearing habitat), while the 50 

percent chance and 10 percent chance provides information about more 

general inundated floodplain habitat attributes. 

FIP Analysis 

The FIP analysis methodology established during the Feather River pilot 

study was applied to the remainder of the Sacramento and San Joaquin 

river systems.  All aspects of this approach remained the same except that 

the CVFED pre-processed LiDAR and breakline data, which were used in 

the pilot study, were not available for the remainder of the Systemwide 

Planning Area study area. Therefore, the analysis used the unprocessed 

digital terrain models developed with the Global Mapper software. 

Based on the results of this analysis, in combination with the data regarding 

opportunities and constraints described in Section 2.4.2 below, reaches 

were identified with greater and/or more extensive potential opportunities 

for restoration, as described below in Section 2.4.3. 

2.2.2 Step 2: Identify Opportunities and Constraints 

The identification of other opportunities and constraints besides physical 

suitability relied on readily available geospatial data layers, except for 

information on the location of existing interest in restoration, which was 

compiled from stakeholders for this analysis. 

As part of the CVFPP planning process, existing datasets potentially of use 

in development of the CVFPP and related documents and appendices were 

reviewed (AECOM, 2010a). The intent of this review was to document 

those readily available and public-domain geospatial datasets that would be 

used for the CVFPP, subject to a defined set of selection rules. Included 

among these rules were the following: 

 Data had to be freely available on the Internet or available from a 

CVFPP participant (i.e., DWR, MWH, or AECOM). 

 Data had to cover the entirety of the study area, or as much of the area 

as possible. 
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 Where a choice between data currency and data detail (i.e., spatial 

resolution) was available, more current data were preferred over more 

detailed data unless it was felt that enhanced data resolution (either 

spatial or attribute) was essential. 

Data collected to help identify areas with opportunities and/or constraints, 

subject to these rules, are described below. 

 Agricultural and Natural Land Use/Land Cover – Land use/land 

cover data were compiled for Important Farmland (as defined by DOC, 

2011) from the California Department of Conservation’s Farmland 

Mapping and Monitoring Program (DOC, 2008) and wetlands and 

riparian vegetation (DWR, 2012). 

 Urban Areas – These data were developed by DWR (2010a) using 

data provided by the California Department of Conservation’s 

Farmland Mapping and Monitoring Program. 

 Major Infrastructure – Major infrastructure consisted of data showing 

the locations of major roads and highways (U.S. Census Bureau, 2007), 

railways (Caltrans, 2009), and levees and levee condition (developed by 

DWR during the CVFPP planning process, and under development by 

DWR’s Urban and Non-Urban Levee Evaluation projects). 

 Terrestrial Sensitive Species Occurrences – Occurrences of terrestrial 

sensitive species, meaning species considered to be threatened, 

endangered, rare, fully protected, or species with similar status that are 

tracked by the California Department of Fish and Game (DFG) in the 

California Natural Diversity Database (CNDDB). The January 2011 

version of the database (DFG, 2011) was used for this analysis. 

 Salmonid Spawning Reaches – Reaches of rivers known to support 

spawning of fall-late-fall-run, winter-run, and spring-run Chinook 

salmon (Oncorhynchus tshawytscha), as well as Central Valley 

steelhead (Oncorhynchus mykiss), were mapped from the CalFish 

abundance database (DFG, 2005). 

 Conservation Status – Locations of preserved and protected habitat 

were based on the California protected areas database (GreenInfo 

Network, 2010). 

Because of the nature of these data and known data gaps, limitations, or 

inaccuracies, these data were not considered to conclusively indicate areas 

that would be more suitable for ecological restoration relative to other 

areas. For example, the CNDDB only records positive sightings of species 
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based on field surveys. It does not document the actual distribution of 

species, because additional populations of species tracked by CNDDB may 

be found in areas that have not been surveyed. This does not indicate that 

these data have no value in identifying potential ecosystem restoration 

opportunities, but it does underscore the inherent limitations of these data 

for use in evaluations of potential ecosystem restoration sites, particularly 

without considering the physical suitability of potential sites and other 

applicable data. 

In addition to these selected geospatial datasets, information on existing 

interest in restoring particular areas was compiled from stakeholders. 

Focused outreach was conducted throughout the study area to document 

potential ecosystem restoration projects previously identified by various 

CVFPP stakeholders. Meetings were held with the stakeholder groups 

listed below. 

 The Nature Conservancy (Northern Central Valley, California Water 

Program, San Joaquin Valley Project) 

 American Rivers 

 DWR Northern Regional Office 

 DWR South Central Regional Office 

 River Partners 

 San Joaquin River Conservancy 

 DFG (Central Region) 

 U.S. Department of the Interior, Bureau of Reclamation (SJRRP) 

 San Joaquin River Parkway and Conservation Trust 

 Natural Resources Defense Council 

 NewFields River Basin Services, LLC 

 ESA PWA, Inc. 
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Owing to time constraints, not all potential ecosystem restoration 

stakeholders in the study area were interviewed. 

Each interview consisted of a facilitated discussion, lead by DWR staff, to 

solicit stakeholder input on previously identified ecosystem restoration 

projects. Specific information provided by stakeholders regarding their 

planned projects has been treated as confidential. For each identified 

project, stakeholders were asked to provide the following information: 

 Location of the potential project site, along with geospatial data 

depicting the project footprint, if available 

 Project purpose, including ecosystem functions targeted for restoration 

 Specific restoration activities proposed for the project, including a 

formal restoration plan, if available 

 Current biological and physical conditions on the site, including an 

existing conditions report, if available 

 Name and contact information for the project proponent 

 Funding sources for the project 

 Sources of the information described above 

In addition to stakeholder interviews, existing reports that identified 

potential ecosystem restoration opportunities were also reviewed. These 

included the Sutter Basin Feasibility Study (USACE, 2010) and the Final 

Database of Potential Multi-Objective Flood Damage Reduction Actions 

(CBDA, 2004). Projects located within the study area and that would 

provide ecosystem benefits were included with the group of stakeholder-

identified projects. 

As previously described, these areas will be considered as potential 

restoration opportunities in the identification of reaches to be analyzed in 

more detail. 

2.2.3 Step 3: Evaluate Potential for Restoration 

The potential for restoration was determined by evaluating relationships 

among physically suitable areas and the locations of opportunities and 

constraints. This evaluation was based on the review and combination of 

geospatial data layers with ESRI’s ArcGIS software. Through it, reaches 

with greater and/or more extensive potential opportunities for restoration 

were identified. 
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The Sacramento and San Joaquin river systems were subdivided into 29 

reaches. Boundaries between reaches were located at discontinuities in 

river or floodplain morphology, and/or to major junctions with tributaries, 

bypasses, or canals. In the upper Sacramento and San Joaquin river basins, 

reaches correspond to those established by the Sacramento River 

Conservation Area Forum and the SJRRP, respectively. 

For each reach, four combinations of physically suitable conditions and 

suitable land use/land cover representing different restoration opportunities 

were mapped and their acreages tabulated: 

 Nonurban floodplain with 67 percent chance Sustained Spring Flow or 

50 percent chance FIP hydrologically connected to the river with 

riparian vegetation 

 Nonurban floodplain with 67 percent chance Sustained Spring Flow or 

50 percent chance FIP hydrologically connected to the river without 

riparian vegetation 

 Nonurban floodplain with 67 percent chance Sustained Spring Flow 

FIP hydrologically disconnected from the river 

 Nonurban floodplain with 50 percent chance FIP hydrologically 

disconnected from the river 

Additional information regarding the location and extent of opportunities 

and constraints was also compiled for each reach. 
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3.0 Results of Floodplain 
Restoration Opportunities 
Analysis 

For river reaches and bypasses included in the FROA, results are 

summarized in narrative descriptions, tables, and maps. FROA includes the 

Sacramento River from Woodson Bridge State Recreation Area to 

Collinsville, the San Joaquin River from Friant Dam to Stockton, the lower 

Feather River, and the lowermost reaches of other major tributaries of the 

Sacramento and San Joaquin rivers (i.e., the Bear, Yuba, American, 

Stanislaus, Tuolumne, and Merced rivers). It does not include smaller 

tributaries. The Sutter and Yolo bypasses are also included. 

Narrative descriptions of reaches are provided in Sections 3.1 through 3.5. 

Maps and tables are provided in Section 3.6. Maps and tables are provided 

in a separate section to facilitate ease of use, particularly for comparisons 

of multiple maps.  

In the reach descriptions, information is provided for the approximately 

2-mile-wide corridors modeled along each river (with the exception of the 

Yolo Bypass where a 14,000-foot-wide corridor was modeled to account 

for levees that are set more than 2 miles apart). This information includes 

physical conditions (FIP and hydrologic connectivity), land use/land cover, 

infrastructure, conservation status, and occurrences of sensitive species. 

Information in the narrative descriptions was primarily derived from the 

data sources displayed on the maps in this chapter, and previously 

described in Section 2.4. In addition, some supporting information from the 

following sources was also incorporated: 

 Status and Trends of the Riparian and Riverine Ecosystems of the 

Systemwide Planning Area (DWR, 2011); 

 State Plan of Flood Control Descriptive Document (DWR, 2010b); 

 California Natural Diversity Database (DFG, 2011); 
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 Sacramento River Conservation Area Forum Handbook (Sacramento 

River Conservation Area Forum, 2003); and  

 Draft Program Environmental Impact Statement/Environmental Impact 

Report San Joaquin River Restoration Program (Reclamation, 2011). 

Several terms are used repeatedly in describing the reaches. “Corridor” 

refers to the extent of the modeled area, which generally extends 

approximately 1 mile from the river’s centerline. “Connected” and 

“disconnected” refer to hydrologic connection to the river during a 50 

percent chance event (i.e., connected areas would be inundated during a 50 

percent chance event). Also, throughout this text, 67 percent chance 

Sustained Spring FIP refers to a floodplain area 1 foot or more above the 

water surface of a 67 percent chance spring flow sustained for at least 7 

days, but at a lower elevation than the 50 percent chance water surface. 

Similarly, 50 percent chance FIP refers to floodplain areas 1 foot or more 

above the 50 percent chance water surface and below the water surface of 

the 10 percent chance flow. As described in Section 2.2.9, the process used 

to estimate water surface elevations resulted in elevations that varied within 

1 foot of true elevations. Figure 3-1 illustrates the relationship between 

these different water surfaces and the elevation zones corresponding to 

areas with a different FIP. 

 
Figure 3-1.  Hypothetical Cross Section with Boundary Water Surfaces of 
FIP Categories 
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3.1 Sacramento River Reach Descriptions 

3.1.1 Woodson Bridge State Recreation Area to Chico 

Landing 

From Woodson Bridge State Recreation Area (SRA) to Chico Landing, the 

Sacramento River actively meanders through the valley floor along much 

of this reach. (The majority of the banks along this reach are natural (i.e., 

without revetment) (DWR, 2011).) The active channel is fairly wide in 

some stretches and the river splits into multiple forks at many different 

locations, creating gravel islands, often with riparian vegetation. Historic 

bends in the river are visible throughout this reach and are remainders of 

historical channel locations with the riparian corridor and oxbow lakes still 

present in many locations.  

In this reach, the corridor along the river is relatively evenly distributed 

among areas with 50 percent chance, 10 percent chance, and greater than 

10 percent chance FIP. Most areas with 50 percent chance FIP are 

connected to the river. Only a small percentage of the floodplain has Below 

Baseflow FIP, and there are almost no areas with 67 percent chance 

Sustained Spring FIP. 

Nearly 25 percent of the corridor along this reach of the Sacramento River 

has been conserved. Conserved areas include portions of the Sacramento 

River National Wildlife Refuge, Sacramento River Wildlife Area, Butte 

Sink Wildlife Management Area, and Bidwell-Sacramento River State 

Park; the Woodson Bridge SRA; Merrill’s Landing Wildlife Area; 

Westermann, Brattan, Kaplan, and Verschagin preserves; and Bureau of 

Land Management-managed land. 

Natural vegetation covers one-third of the corridor along this reach, and 

riparian/wetland vegetation approximately an eighth of the corridor. 

Riparian and wetland-associated sensitive species documented along this 

reach include Sacramento anthicid beetle (Anthicus sacramento), Valley 

elderberry longhorn beetle (VELB) (Desmocerus californicus dimorphus), 

Swainson’s hawk (Buteo swainsoni), colonies of bank swallow (Riparia 

riparia), yellow-billed cuckoo (Coccyzus americanus), western red bat 

(Lasiurus blossevilli), and western mastiff bat (Eumops perotis). This reach 

also provides habitat for several sensitive fish: foraging adult green 

sturgeon (Acipenser medirostris); migrating, holding, and rearing steelhead 

and winter- and fall-/late-fall-run Chinook salmon; and migrating and 

rearing spring-run Chinook salmon. 

Developed land uses occupy only a very small portion of the corridor along 

this reach (less than 2 percent), primarily in the vicinity of Hamilton City. 
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Other than levees, there is very little major infrastructure along this reach 

of the Sacramento River except between RM 196 and 197, where State 

Route (SR) 32, a natural gas pipeline, and an electrical transmission line 

cross the river.  

Along this reach, several nonproject levees (i.e., levees that are not part of 

the SPFC) protect portions of both banks. This reach does not have project 

levees. 

Stakeholders identified potential restoration opportunities along this reach 

of the Sacramento River. 

3.1.2 Chico Landing to Colusa 

From Chico Landing to Colusa, the Sacramento River actively meanders 

through the valley floor, actively eroding banks, producing oxbows and 

meander scrolls on the floodplain along much of this reach. (The majority 

of the banks along this reach are natural (i.e., without revetment) (DWR, 

2011).) In this reach, it also historically overflowed into floodbasins. 

Currently, during flood flows, water from the Sacramento River enters the 

Butte Basin at the 3Bs natural overflow, the M&T and Goose Lake flood 

relief structures, and at Moulton and Colusa weirs. 

In this reach, more than two-thirds of the corridor along the river has 50 

percent chance FIP, and more than half of this area is connected to the 

river. Only a very small area has 67 percent chance Sustained Spring FIP. 

Natural vegetation covers more than one-third of the corridor along this 

reach, and riparian/wetland vegetation approximately an eighth of the 

corridor. Riparian and wetland-associated sensitive species documented 

along this reach include woolly rose-mallow (Hibiscus lasiocarpus var. 

occidentalis), several beetles (Antioch Dunes anthicid beetle (Anthicus 

antiochensis), Sacramento anthicid beetle, Sacramento Valley tiger beetle 

(Cicindela hirticollis abrupta), VELB), giant garter snake (Thamniopsis 

gigas), colonies of bank swallow, Swainson’s hawk, colonies of tricolored 

blackbirds (Agelaius tricolor), yellow-billed cuckoo, western mastiff bat, 

and western red bat. This reach also provides habitat for several sensitive 

fish including foraging adult green sturgeon; migrating, holding, and 

rearing steelhead and winter- and fall-/late-fall-run Chinook salmon; and 

migrating and rearing spring-run Chinook salmon. 

Nearly 15 percent of the corridor along this reach of the Sacramento River 

has been conserved. Conserved areas along this reach include portions of 

the Sacramento River National Wildlife Refuge, Bidwell-Sacramento River 

State Park, Sacramento River Wildlife Area, and Butte Sink Wildlife 
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Management Area; the Colusa Bypass Wildlife Area; and the Hartley 

Island, Jensen, and Cannell preserves. 

Developed land uses occupy only a small portion of the corridor along this 

reach (only about 1 percent), primarily at Colusa. Other than levees, there 

is little major infrastructure along this reach of the Sacramento River. 

Natural gas pipelines cross near RMs 184, 174, and 162. SR 162 crosses 

the river near RM 166, and natural gas pipelines and electrical transmission 

lines are along the river corridor at several hundred to several thousand feet 

from the river. 

At Ord Ferry on the west bank and 7.5 miles downstream from Ord Ferry 

on the east bank, SPFC levees border the river downstream along this 

reach, but are often as far as 1 mile apart.  The physical condition of these 

levees is of medium concern, except for a 10- to 12-mile-long stretch 

upstream from Colusa where levee physical condition is of higher concern.  

Upstream from these SPFC levees are several nonproject levees on portions 

of the reach. 

Stakeholders identified potential restoration opportunities along this reach 

of the Sacramento River. 

3.1.3 Colusa to Verona 

The general character of the Sacramento River changes downstream from 

Colusa from a dynamic and active meandering channel to a confined, 

narrow channel generally restricted from migration along the majority of its 

length. (DWR, 2011). While levees exist along portions of the river 

upstream from Colusa, levees are located much closer to the river edge as 

the river continues south to the Delta. The channel width is fairly uniform 

and river bends are static as a result of confinement by levees. 

From Colusa to Verona, more than half of the corridor along the river has 

50 percent chance FIP, but only a small portion of this area remains 

connected to the river. There also are large areas with Below Base Flow 

FIP. Most of these areas represent historical floodbasins that are 

disconnected from the river. Along this reach, about 10 percent of 

evaluated floodplain has a 67 percent chance Sustained Spring FIP, almost 

all of which is disconnected from the river. 

Natural vegetation covers approximately one-eighth of the corridor along 

this reach, and riparian/wetland vegetation covers about 3 percent of the 

corridor. Riparian and wetland-associated sensitive species documented 

along this reach include woolly rose-mallow, Sacramento tiger beetle, 

VELB, giant garter snake, colonies of bank swallows, Swainson’s hawk, 

colonies of tricolored blackbirds, yellow-billed cuckoo, and western red 
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bat. This reach also provides habitat for several sensitive fish, including 

Sacramento splittail (pogonichthys macrolepidotus), foraging adult green 

sturgeon; migrating, holding, and rearing steelhead and winter- and fall-

/late-fall-run Chinook salmon; and migrating and rearing spring-run 

Chinook salmon. 

Along this reach of the Sacramento River, very little of the land has been 

conserved (about 1 percent of the corridor). Conserved areas along this 

reach of the Sacramento River include the Rohleder Preserve, Collins Eddy 

Wildlife Area, and the Fremont Weir Wildlife Area. 

Developed land uses occupy only a small portion of the corridor along this 

reach (only about 2 percent), primarily in the vicinity of Colusa. However, 

there is more major infrastructure along this reach of the Sacramento River 

than along upstream reaches. The Colusa Highway crosses the river 

between RMs 134 and 133, and SR 113 crosses near RM 90. Natural gas 

pipelines cross the river near RMs 140, 127, 126; and electrical 

transmission lines cross the river near RMs 134, 121, 92, 86, and 80. Also, 

major roads, natural gas pipelines, and electrical transmission lines are 

located within 1 mile of the river at a number of locations.  

There are SPFC levees along both river banks in this reach. The physical 

condition of these levees is of higher concern, except for several miles of 

levee east of the river downstream from Colusa. 

Stakeholders identified potential restoration opportunities along this reach 

of the Sacramento River. 

3.1.4 Verona to American River 

From Verona to the American River, about two-thirds of the corridor along 

the river has 50 percent chance FIP and about a quarter has 67 percent 

chance Sustained Spring FIP. Almost all of this floodplain is disconnected 

from the river. 

Natural vegetation covers more than 20 percent of the corridor along this 

reach, but riparian/wetland vegetation only covers about 3 percent of the 

corridor. Riparian and wetland-associated sensitive species documented 

along this reach include woolly rose-mallow, VELB, giant garter snake, 

western pond turtle, rookeries of wading birds, colonies of tricolored 

blackbird, and Swainson’s hawk. This reach also provides habitat for 

several sensitive fish, including Sacramento splittail, foraging adult green 

sturgeon; migrating, holding, and rearing steelhead and winter- and fall-

/late-fall-run Chinook salmon; and migrating and rearing spring-run 

Chinook salmon. 
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Less than 10 percent of the corridor along this reach of the Sacramento 

River has been conserved. Conserved areas along this reach include 

Elkhorn Regional County Park, Sacramento Bypass Wildlife Area, several 

Natomas Basin Conservancy reserves, and Discovery Park at the 

downstream end of the American River Parkway. 

Developed land uses only occupy about 15 percent of the corridor along 

this reach. However, at the southern end of this reach, where the river 

enters Sacramento and West Sacramento, developed land uses occupy most 

of the 2-mile-wide corridor. Along this reach of the Sacramento River, 

Interstate (I)-5 crosses the river near RM 71 and crosses the American 

River at its junction with the Sacramento, and I-80 crosses the river near 

RM 63. Natural gas pipelines cross near RMs 67 and 64, and an electrical 

transmission line crosses near RM 63. In addition to major infrastructure 

facilities crossing the river, the Sacramento International Airport is within 

2 miles of this reach of the river, and consequently is an important 

constraint on the restoration of habitat.  

There are SPFC levees along both banks. The physical condition of these 

levees varies from lower concern where sections of the Natomas levees 

have recently been improved and medium concern for approximately 

3.5 miles of the west levee south of the I-5 crossing, to higher concern 

elsewhere. 

Stakeholders identified potential restoration opportunities along this reach 

of the Sacramento River. 

3.1.5 American River to Freeport 

From the American River to Freeport, about 20 percent of the corridor 

along the river has Below Baseflow FIP, nearly 30 percent has 67 percent 

chance Sustained Spring FIP, and more than 40 percent has 50 percent 

chance FIP. This FIP distribution reflects the varied landforms along this 

reach that include historical floodbasins and natural levees along the river 

channel. Almost all of this floodplain is disconnected from the river. In this 

tidally influenced reach, the Sacramento River enters the legal Delta. 

Natural vegetation covers nearly 20 percent of the corridor along this reach, 

but riparian/wetland vegetation only covers about 1 percent of the corridor. 

Riparian and wetland-associated sensitive species documented along this 

reach include Sanford’s arrowhead (Sagittaria sanfordii), VELB, and 

Swainson’s hawk. This reach also provides habitat for several sensitive 

fish, including Sacramento splittail, foraging adult green sturgeon; 

migrating, holding, and rearing steelhead and winter- and fall-/late-fall-run 

Chinook salmon; and migrating and rearing spring-run Chinook salmon; 
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and this reach contains delta smelt (Hypomesus transpacificus)-designated 

critical habitat. 

Along this reach of the Sacramento River, only a small amount of land has 

been conserved (less than 5 percent of the corridor). Conserved areas along 

this reach are limited to smaller city and county parks and several other 

public-owned parcels. 

Developed land uses occupy nearly two-thirds of the floodplain along this 

reach. Because this reach of the Sacramento River passes through the city 

of Sacramento, the corridor along the river has a high density of 

infrastructure, particularly from RMs 60 to 57. In addition to multiple 

major road, pipeline, and transmission line crossings, there are a number of 

Cortese sites (which have hazardous materials issues) and refineries. In 

addition, Sacramento Executive Airport is within 2 miles of this reach of 

the river.  

There are SPFC levees along both banks of the river. The physical 

condition of these levees is generally of higher concern, but the physical 

condition of several sections of the west levee is of lower concern. 

Stakeholders identified potential restoration opportunities along this reach 

of the Sacramento River. 

3.1.6 Freeport to Delta Cross Channel 

From Freeport to the Delta Cross Channel, approximately 60 percent of the 

corridor along the river has a Below Baseflow FIP, and of the remainder, 

most has a 67 percent chance Sustained Spring FIP. This FIP distribution 

reflects both historical landforms, and historical and ongoing changes to 

landforms (e.g., subsidence of areas with drained, organic soils). Almost all 

of this floodplain is isolated from the river. This Delta reach of the 

Sacramento River is tidally influenced. 

Natural vegetation covers nearly 20 percent of the corridor along this reach, 

and riparian/wetland vegetation covers about 3 percent of the corridor. 

Riparian and wetland-associated sensitive species documented along this 

reach include woolly rose-mallow, Sanford’s arrowhead, several plants 

characteristic of sloughs and tidal marshes (e.g., Suisun Marsh aster 

(Symphyotrichum lentum), Delta tule pea (Lathyrus jepsonii), and Mason’s 

lilaeopsis (Lilaeopsis masonii)) VELB, giant garter snake, western pond 

turtle (Emys marmorata), wading bird rookeries, white-tailed kite (Elanus 

leucurus), and Swainson’s hawk, among others. This reach also provides 

habitat for several sensitive fish, including Sacramento splittail, delta smelt; 

foraging adult green sturgeon; migrating, holding, and rearing steelhead 
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and winter- and fall-/late-fall-run Chinook salmon; and migrating and 

rearing spring-run Chinook salmon. 

Less than 10 percent of the corridor along this reach of the Sacramento 

River has been conserved. Conserved lands include sanitation district and 

county open space land, Delta Meadows State Park, and a portion of Stone 

Lakes National Wildlife Refuge. 

Along this reach, there are small areas of developed land uses at Cortland 

and near Walnut Grove, but developed land uses only occupy several 

percent of the corridor along this reach. Besides levees, there is little major 

infrastructure along this reach. SR 160 runs along the east bank of the river, 

and an electrical transmission line crosses the river between RMs 31 and 

32.  

SPFC levees are along both river banks. In the upstream half of this reach, 

the physical condition of the levees is generally of higher concern, but in 

the downstream half of this reach, their physical condition is generally of 

medium concern.  

Stakeholders identified potential restoration opportunities along this reach 

of the Sacramento River. 

3.1.7 Delta Cross Channel to Deep Water Ship Channel 

From the Delta Cross Channel to the Deep Water Ship Channel, almost all 

of the corridor along the river has a Below Baseflow FIP, and is 

disconnected from the river. This floodplain consists of Delta islands 

bordered by sloughs, and that have been leveed and drained, and are in 

agricultural use. Consequently, the organic soils of these islands have been 

oxidizing and the land surface subsiding. There are only a few hundred 

acres along this reach with either 67 percent chance Sustained Spring FIP 

or 50 percent chance FIP, most of which is connected to the river. This 

Delta reach of the Sacramento River is tidally influenced. 

Natural vegetation covers more than 10 percent of the corridor along this 

reach, but riparian/wetland vegetation only covers about 2 percent of the 

corridor. Riparian and wetland-associated sensitive species documented 

along this reach include woolly rose-mallow, several plants characteristic 

of sloughs and tidal marshes, Sacramento anthicid beetle, VELB, western 

pond turtle, Swainson’s hawk, and western red bat. This reach also 

provides habitat for several sensitive fish: delta smelt; foraging adult green 

sturgeon; migrating, holding, and rearing steelhead and winter- and fall-

/late-fall-run Chinook salmon; and migrating and rearing spring-run 

Chinook salmon. 
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Very little of the corridor along this reach of the Sacramento River has 

been conserved (less than 2 percent of the corridor). Conserved land along 

this reach is limited to a small area of state land near RM 15. 

Along this reach there are small areas of developed land uses at Walnut 

Grove and Isleton, but developed land uses only account for several percent 

of the corridor along this reach. SR 160 runs along the river bank, and other 

major infrastructure includes an electrical transmission line that crosses the 

river near RM 17, and natural gas pipelines that cross the river near RMs 

21, 20, and 15.  

SPFC levees are along both river banks.  The physical condition of the west 

levee is of medium concern; the physical condition of the west levee is of 

medium concern from the Delta Cross Channel to approximately RM 20, 

and of higher concern from near RM 20 to the junction with the Deep 

Water Ship Channel. 

Stakeholders identified potential restoration opportunities along this reach 

of the Sacramento River. 

3.1.8 Deep Water Ship Channel to Collinsville 

From the Deep Water Ship Channel to Collinsville, the corridor along the 

river consists of Delta islands with a Below Base Flow FIP but 

disconnected from the river, and an area of uplands downstream from Rio 

Vista. There are only a few hundred acres along this reach with either 67 

percent chance Sustained Spring FIP or 50 percent chance FIP, most of 

which is disconnected from the river. This Delta reach of the Sacramento 

River is strongly tidally influenced. 

Natural vegetation covers more than two-thirds of the corridor along this 

reach, but riparian/wetland vegetation only covers about 1 percent of the 

corridor. Riparian and wetland-associated sensitive species documented 

along this reach include woolly rose-mallow, several plants characteristic 

of sloughs and tidal marshes, Antioch Dunes and Sacramento anthicid 

beetles, VELB, giant garter snake, Swainson’s hawk, and western red bat. 

This reach also provides habitat for several sensitive fish, including delta 

smelt; foraging adult green sturgeon; migrating, holding, and rearing 

steelhead and winter- and fall-/late-fall-run Chinook salmon; and migrating 

and rearing spring-run Chinook salmon. 

Approximately 5 percent of the corridor along this reach of the Sacramento 

River has been conserved. Conserved areas along this reach include 

Brannan Island SRA, Decker Island Wildlife Area, and Lower Sherman 

Island Wildlife Area. 
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A small portion of this reach has developed land uses at Rio Vista. In 

addition to levees, this reach has a high density of other major 

infrastructure. At Rio Vista, SR 12 crosses the river, as do two natural gas 

pipelines, and the Rio Vista Municipal Airport is within 1 mile of the river. 

Also, near the downstream end of this reach, from approximately RMs 7 to 

4, nine natural gas pipelines and electrical transmission lines cross the 

river. 

SPFC levees are on the east river bank for the entire length of the reach and 

on the west bank at RMs 13 to 14 (near Rio Vista). The physical condition 

of these levees is of higher concern. 

Stakeholders did not identify potential restoration opportunities along this 

reach of the Sacramento River. 

3.2 Sacramento River Tributary Reach 
Descriptions 

The lowermost reaches of the Feather, Yuba, Bear, and American rivers 

were evaluated. These reaches begin approximately 1 mile upstream from 

the tributary’s junction with the Sacramento River because the corridor 

along the Sacramento River extends 1 mile from the centerline of the 

Sacramento River. 

3.2.1 Feather River – Thermalito Afterbay to Yuba River 

Along the Feather River from Thermolito Afterbay to the Yuba River, the 

floodplain has almost no areas with 67 percent chance Sustained Spring 

FIP. Areas with 50 percent chance FIP, however, account for more than 40 

percent of the corridor along the river, with the remainder evenly divided 

between 10 percent chance and greater than 10 percent chance FIP. More 

than two-thirds of areas with 50 percent chance FIP are connected to the 

river. A series of remnant gravel pit pools/ponds connect to the main 

channel in this reach. (Connected gravel pits can affect flows and water 

temperatures, disrupt sediment transport, and provide habitat for nonnative 

fish that compete with and prey on native species.) 

Natural vegetation covers about one-quarter of the corridor along this 

reach, and riparian/wetland vegetation covers nearly 10 percent of the 

corridor. Riparian and wetland-associated sensitive species documented 

along this reach include VELB, giant garter snake, colonies of bank 

swallows, western yellow-billed cuckoo, and Swainson’s hawk. This reach 

also provides habitat for several sensitive fish species, including foraging 

adult green sturgeon; migrating, holding, spawning, and rearing fall-run 
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Chinook salmon; migrating, holding, and rearing steelhead; and migrating 

and rearing spring-run Chinook salmon. 

More than 10 percent of the corridor along this reach of the Feather River 

has been conserved. Unlike most other reaches, the majority of conserved 

area is disconnected from the river. Conserved areas in this reach include 

the Oroville Wildlife Area and a portion of the Feather River Wildlife 

Area. 

Less than 10 percent of the corridor along this reach has developed land 

uses, and most of this reach has only small amounts of developed land uses 

and major infrastructure: three gravel mines are near RMs 58 and 55 to 56, 

and a low, notched rock dam spans the river near RM 39. However, Yuba 

City and Marysville are at the downstream end of this reach, and along the 

river, developed land uses are extensive from about RM 31 to the end of 

the reach at RM 27. A number of pipelines, roads, and electrical 

transmission lines cross the river in this area. Also, there is a community 

airport at Yuba City within 1 mile of the river. 

SPFC facilities in this reach include a levee throughout the reach on the 

west bank, the Sutter-Butte Canal Headgate, a levee extending downstream 

from Honcutt Creek on the east side of the river, and a ring levee around 

Marysville. The physical condition of these levees is of higher concern. 

There are also several nonproject levees. 

Stakeholders identified potential restoration opportunities along this reach 

of the Feather River. 

3.2.2 Feather River – Yuba River to Bear River 

Between the Yuba and Bear rivers, most of the corridor along the Feather 

River has 50 percent chance FIP. More than two-thirds of these areas are 

disconnected from the river. 

Natural vegetation covers nearly one-third of the corridor along this reach, 

and riparian/wetland vegetation covers approximately 10 percent of the 

corridor. Riparian and wetland-associated sensitive species documented 

along this reach include VELB, giant garter snake, colonies of bank 

swallows, and Swainson’s hawk. This reach also provides habitat for 

several sensitive fish species, including foraging adult green sturgeon; 

migrating, holding, and rearing fall-run Chinook salmon; migrating, 

holding, and rearing steelhead; and migrating and rearing spring-run 

Chinook salmon. 
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Nearly 15 percent of the corridor along this reach of the Feather River has 

been conserved. A portion of the Feather River Wildlife Area is along this 

reach. 

Developed land uses occupy about 10 percent of the corridor along this 

reach. The Yuba City and Marysville areas extend along the upstream end 

of this reach (RMs 24 to 27), and developed land uses are extensive in 

these areas, an electrical transmission line and a natural gas pipeline cross 

the river, and a power plant is adjacent to the river. Also, both the Yuba 

City and Yuba County airports are within 2 miles of the river. However, 

downstream from the Yuba City and Marysville areas, there is little 

developed land or major infrastructure except for an electrical transmission 

line that crosses the river near RM 23 and levees that extend along both 

banks. 

SPFC levees are on both sides of the river and are spaced from about 0.5- 

to 1-mile apart.  The physical condition of most of the west levee is of 

higher concern; the physical condition of the east bank levee is of lower 

concern. 

Stakeholders identified potential restoration opportunities along this reach 

of the Feather River. 

3.2.3 Feather River – Bear River to Sutter Bypass 

From the Bear River to the Sutter Bypass, most of the corridor along the 

Feather River has 50 percent chance FIP. About two-thirds of these areas 

are disconnected from the river. 

Natural vegetation covers nearly half of the corridor along this reach, and 

riparian/wetland vegetation covers approximately 10 percent of the 

corridor. Riparian and wetland-associated sensitive species documented 

along this reach include Antioch Dunes and Sacramento anthicid beetles, 

VELB, giant garter snake, western pond turtle, colonies of bank swallows, 

western yellow-billed cuckoo, and Swainson’s hawk. This reach also 

provides habitat for several sensitive fish, including Sacramento splittail, 

foraging adult green sturgeon; migrating, holding, and rearing fall-run 

Chinook salmon; migrating, holding, and rearing steelhead; and migrating 

and rearing spring-run Chinook salmon. 

Nearly 15 percent of the corridor along this reach of the Feather River has 

been conserved. A portion of the Feather River Wildlife Area is along this 

reach. 

This reach has only a small amount of developed land (less than 2 percent 

of the corridor), primarily near Nicolaus (near RM 10). SR 99 crosses the 
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river near RM 9, and electrical transmission lines cross the river near RMs 

9 and 10. 

SPFC levees are on both banks along this reach.  The physical condition of 

these levees is of higher concern except for approximately 2 miles of the 

north levee (from RM 10 to the junction with the Sutter Bypass). 

Stakeholders identified potential restoration opportunities along this reach 

of the Feather River. 

3.2.4 Feather River – Sutter Bypass to Sacramento River 

Similar to upstream reaches, from the Sutter Bypass to the Sacramento 

River, most of the corridor along the Feather River has 50 percent chance 

FIP. However, this reach has more areas with 67 percent chance Sustained 

Spring FIP than upstream reaches (12 percent versus 1 percent or less). 

Connectivity of these areas to the river is also greater along upstream 

reaches.  In this reach, the Feather River has a relatively straight channel 

located along the eastern edge of the floodway. 

Natural vegetation covers more than 20 percent of the corridor along this 

reach, but riparian/wetland vegetation only covers several percent of the 

corridor. Riparian and wetland-associated sensitive species documented 

along this reach include Sacramento Valley tiger beetle, giant garter snake, 

colonies of bank swallows and tricolored blackbirds, and Swainson’s hawk. 

Along this reach of the Feather River, there are no conserved areas. This 

reach also provides habitat for several sensitive fish, including Sacramento 

splittail, foraging adult green sturgeon; migrating, holding, and rearing fall-

run Chinook salmon; migrating, holding, and rearing steelhead; and 

migrating and rearing spring-run Chinook salmon. 

This reach has only a small amount of developed land (less than 2 percent 

of the corridor), and no major infrastructure crosses the river, although an 

electrical transmission line is located near the east riverbank, where the 

Garden Highway also is located adjacent to the levee. 

SPFC levees are on both river banks along this reach.  The physical 

condition of these levees is of higher concern. 

Stakeholders did not identify potential restoration opportunities along this 

reach of the Feather River. 
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3.2.5 Yuba River 

The lower reach of the Yuba River is a relatively narrow floodplain 

constrained by nearby terraces and other uplands. Consequently, more than 

half of the corridor along the river has a greater than 10 percent chance FIP. 

More than 10 percent of the floodplain corridor had 50 percent chance FIP, 

about half of which is connected to the river. Very little floodplain had 67 

percent chance Sustained Spring FIP. South of the river, a portion of the 

Yuba Goldfields is within the corridor. This extensive disturbed area 

contains numerous small water features and patches of riparian vegetation. 

Natural vegetation covers approximately 60 percent of the corridor along 

this reach, but riparian/wetland vegetation only covers about 2 percent of 

the corridor. Riparian and wetland-associated sensitive species documented 

along this reach include VELB, western pond turtle, California black rail 

(Laterallus jamaicensis coturniculus), colonies of tricolored black birds, 

and Swainson’s hawk. This reach also provides habitat for several sensitive 

fish, including migrating, holding, and rearing steelhead and fall-run 

Chinook; and migrating and rearing spring-run Chinook. 

Approximately 7 percent of the corridor along this reach has been 

conserved. Conserved areas along this reach of the Yuba River are limited 

to several Bureau of Land Management-managed parcels (mostly upstream 

from RM 10) and City of Marysville open space approximately 1 mile 

upstream from the junction with the Feather River. 

Developed land uses occupy less than 10 percent of the corridor along this 

reach. However, Marysville is at the downstream end of this reach where 

developed land uses are extensive. Upstream from Marysville, there is little 

developed land or major infrastructure. From about RM 8 to RM 10 there 

are two gravel mines and two electrical transmission lines that cross the 

river, and further upstream is Daguerre Point Dam. 

SPFC levees are widely spaced on both sides of the river. There is also a 

nonproject levee around RMs 6 to 8. The physical condition of segments of 

these levees varies from lower to higher concern. 

Stakeholders identified potential restoration opportunities along this reach 

of the Yuba River. 

3.2.6 Bear River 

Along the lowest reach of the Bear River, almost half of the corridor along 

the river had 67 percent chance Sustained Spring FIP or 50 percent chance 

FIP. Most of this area (85 percent or more) is disconnected from the river. 
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Natural vegetation covers nearly one-third of the corridor along this reach, 

and riparian/wetland vegetation covers several percent of the corridor. 

Riparian and wetland-associated sensitive species documented along this 

reach include VELB, giant garter snake, western pond turtle, and 

Swainson’s hawk. This reach also provides habitat for migrating, holding, 

and rearing steelhead; and opportunistic/intermittent migrating, holding, 

spawning, and rearing for fall-run Chinook salmon. 

Only a very small portion of the corridor along this reach of the Bear River 

has been conserved (approximately 1 percent of the corridor). Conserved 

areas along this reach are limited to several water district-owned parcels. 

Developed land uses occupy less than 5 percent of the corridor along this 

reach, and are concentrated near Wheatland (near RMs 9 to 11). Major 

infrastructure includes river crossings by SRs 65 and 70 (near RMs 4 and 

10, respectively), and crossings by electrical transmission lines and natural 

gas pipelines near those major road crossings. 

There are SPFC levees on both banks for approximately the first 7 miles of 

this reach, and the south bank levee continues along Dry Creek.  The 

physical condition of the north levee is of lower concern; the physical 

condition of the south levee is of higher concern. 

Stakeholders did not identify potential restoration opportunities along this 

reach of the Bear River. 

3.2.7 American River 

Along the lowest reach of the American River, only about 1 percent of the 

corridor along the river has 67 percent chance Sustained Spring FIP, and 

only 14 percent has 50 percent chance FIP. Most of these areas are 

connected to the river. 

Natural vegetation covers more than 20 percent of the corridor along this 

reach, and riparian/wetland vegetation covers about 8 percent of the 

corridor. Riparian and wetland-associated sensitive species documented 

along this reach include Sanford’s arrowhead, VELB, western pond turtle, 

wading bird rookeries, colonies of bank swallows, white-tailed kite, and 

Swainson’s hawk. This reach also provides habitat for migrating, holding, 

and rearing steelhead; and migrating, holding, spawning, and rearing fall-

run Chinook salmon. 

More than 20 percent of the corridor along this reach of the American 

River has been conserved. This reach has the largest percentage of 

conserved area among reaches of the Sacramento and San Joaquin river 
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systems. Conserved areas along this reach of the American River include 

the American River Parkway and associated county parks. 

Because this reach passes through the Sacramento Metropolitan Area, 

developed land uses occupy more than three-quarters of the land along this 

reach. There also is a high density of major infrastructure along the river, 

particularly from RMs 0 to 9. Multiple major roads and railroads, natural 

gas pipelines, and electrical transmission lines cross the river. 

SPFC levees are on both sides of the river for the first 10 miles of this 

reach and extend further along the north side.  The physical condition of 

these levees is of lower concern, except for the section of the north levee 

between the river and the Natomas Basin, whose physical condition is of 

higher concern. 

Stakeholders did not identify potential restoration opportunities along this 

reach of the American River. 

3.3 Sutter and Yolo Bypass Descriptions 

3.3.1 Sutter Bypass 

The Sutter Bypass is a wide flood channel that carries floodwater diverted 

from the Sacramento River at several weirs north of the Sutter Buttes to the 

confluence of the Feather and Sacramento rivers, and then on to the Yolo 

Bypass. From the west, Butte Creek (Butte Slough) enters the bypass. It is 

inundated in most years by water diverted out of the Sacramento River. 

The Sutter Bypass is used mainly for agriculture, and there are only small 

amounts of natural vegetation. Riparian and wetland-associated sensitive 

species documented along this reach include woolly rose-mallow, giant 

garter snake, western pond turtle, California black rail, yellow-headed 

blackbird (Xanthocephalus xanthocephalus), colonies of tricolored 

blackbirds, and Swainson’s hawk. Sutter National Wildlife Refuge extends 

throughout this reach of the Sutter Bypass. The Sutter Bypass also provides 

extremely productive inundated floodplain habitat that exports nutrients 

and food items to the downstream river system (Sommer et al., 2001). 

Inundated floodplain also provides rearing habitat for steelhead and 

Chinook salmon, and spawning habitat for Sacramento splittail. 

There is no developed land within the Sutter Bypass, and major 

infrastructure is limited to just several road crossings (most notably SR 

113), several interconnected electrical transmission lines, and two major 

water supply canals, the West Borrow Canal and East Borrow Canal, which 



2012 Central Valley Flood Protection Plan 
Attachment 9F: Floodplain Restoration Opportunity Analysis 

3-18 January 2012 

 Public Draft 

are immediately adjacent to the waterside toes of the western and eastern 

Sutter Bypass levees, respectively. 

The Sutter Bypass levees are project levees whose physical condition is 

generally of higher concern. 

Stakeholders identified potential restoration opportunities in the Sutter 

Bypass. 

3.3.2 Yolo Bypass 

To the north and east, the Yolo Bypass is bordered by the natural levees of 

the Sacramento River and its distributary channels, on the west by the 

alluvial fans of Putah Creek and Cache Creek, and to the south by the tidal 

sloughs and islands of the Delta. During flood flows, water enters the Yolo 

Bypass from the Sacramento River from the north, and Cache Creek, Putah 

Creek, and Willow Slough from the west; and drains south to the northern 

Delta.  During about 70 percent of years, the bypass is inundated one to 

several times for 0 to 135 days during May through November (DFG, 

2008). 

Land cover in the Yolo Bypass consists of a mosaic of agricultural and 

natural vegetation that includes row crops, seasonal wetlands managed as 

habitat (primarily for waterfowl), permanent wetlands, and uplands. 

Riparian and wetland-associated sensitive species documented along this 

reach include giant garter snake, California black rail, and Swainson’s 

hawk. Also, as described for the Sutter Bypass, the Yolo Bypass provides 

extremely productive inundated floodplain habitat that benefit downstream 

ecosystems and provide rearing habitat for steelhead and Chinook salmon, 

and spawning habitat for Sacramento splittail. A substantial portion of the 

bypass is included in the Yolo Bypass Wildlife Area. 

There is no developed land in the Yolo Bypass. Infrastructure in and 

adjacent to the Yolo Bypass includes levees and several major 

transportation features. The Sacramento Deep Water Ship Channel is east 

of the bypass. There are a variety of small interior levees and berms 

constructed for local agricultural development that prevent the inundation 

of particular areas from tidal fluctuations and small floods. In addition, 

causeways and bridge crossings of the bypass include I-80, I-5, portions of 

the abandoned Sacramento North Railroad, and the Southern Pacific 

Railroad. 

The Yolo Bypass is surrounded completely on the east and partially on the 

west by SPFC levees. The physical condition of these levees is of higher to 

medium concern. 
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Stakeholders identified potential restoration opportunities in the Yolo 

Bypass. 

3.4 San Joaquin River Reach Descriptions 

3.4.1 Friant Dam to SR 99 

Along this reach, the San Joaquin River is confined by bluffs and between 

the bluffs by low terraces. Consequently, the corridor along the river 

predominantly has greater than 10 percent chance FIP. Along the river are 

the pits of active and abandoned aggregate mines. A number of these pits 

have been captured by (i.e., become connected to) the river. (These 

captured pits are of conservation concern because of the potential for fish 

stranding and predation by warm-water fish.) 

Natural vegetation covers nearly half of the corridor along this reach, and 

riparian/wetland vegetation covers about 8 percent of the corridor. Invasive 

plant species are abundant in this riparian vegetation (e.g., red sesbania 

(Sesbania punicea), blue gum (Eucalyptus globulus), and giant reed 

(Arundo donax)). Riparian and wetland-associated sensitive species 

documented along this reach include VELB and rookeries of wading birds. 

More than 15 percent of the corridor along this reach has been conserved. 

Conserved areas include the San Joaquin River Ecological Reserve, Camp 

Pashayan Ecological Preserve, and several county parks and land managed 

by the San Joaquin River Parkway and Conservation Trust. 

Developed land uses occupy nearly 30 percent of the corridor along this 

reach, and are most extensive south of the river. Because of its proximity to 

Fresno, this reach has major infrastructure throughout, particularly near 

SR 99, where natural gas pipelines, electrical transmission lines, and a 

railroad cross the river. Electrical transmission lines also cross the river 

near RMs 250 and 254, and SR 41 crosses the river near RM 252. In 

addition, there are a number of historical and several active gravel mines 

along this reach. Also, Sierra Sky Park Airport is within 1 mile of the river. 

In addition to increasing spring–fall river flows, potential restoration 

actions identified for this reach by the SJRRP include isolating/eliminating 

selected gravel pits, modifying side channels, controlling invasive species 

and fish predators, modifying road crossings, and augmenting spawning 

gravel. 

Stakeholders identified potential restoration opportunities along this reach 

of the San Joaquin River. 
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3.4.2 SR 99 to Gravelly Ford 

From SR 99 to Gravelly Ford, the San Joaquin River is confined between 

bluffs. At the downstream end of this reach, the bluffs diminish in height 

and gradually merge with floodplain surfaces. Despite this change, along 

this entire reach of river, the evaluated corridor primarily has greater than 

10 percent chance FIP. 

Natural vegetation covers only about one-eighth of the corridor along this 

reach, and riparian/wetland vegetation covers several percent of the 

corridor. Riparian and wetland-associated sensitive species have not been 

documented along this reach in the CNDDB. 

Very little of the corridor along this reach has been conserved (less than 

1 percent of the corridor). A county park (Skaggs Bridge Park) is the only 

conserved area along this reach of the San Joaquin River. 

Developed land uses occupy less than 1 percent of the corridor along this 

reach. Except for a natural gas pipeline that is along the length of this reach 

and crosses the river twice between RMs 238 and 240, there is no major 

infrastructure along this reach of the San Joaquin River. 

In addition to increasing spring–fall river flows, potential restoration 

actions identified for this reach by the SJRRP include isolating/eliminating 

selected gravel pits, controlling invasive plant species, and modifying road 

crossings. Stakeholders also identified potential restoration opportunities 

along this reach of the San Joaquin River. Stakeholders did not identify 

potential restoration opportunities along this reach of the San Joaquin 

River. 

3.4.3 Gravelly Ford to Chowchilla Bypass 

From Gravelly Ford to Chowchilla Bypass, the San Joaquin River is sand 

bedded and meandering. Through lateral migration and avulsion the 

channel actively moves within the levees. The SJRRP is restoring year-

round flow to this reach that, because of diversions, has had only seasonal 

flow. The FIP of the corridor along this reach varies considerably, with 

about 40 percent having 67 percent chance Sustained Spring or 50 percent 

chance FIP. Most of these areas are disconnected from the river. 

Natural vegetation covers more than 10 percent of the corridor along this 

reach, and riparian/wetland vegetation covers approximately 5 percent of 

the corridor. Riparian and wetland-associated sensitive species documented 

along this reach include VELB and Swainson’s hawk. There are no 

conserved areas along this reach of the San Joaquin River. 
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Developed land uses occupy much less than 1 percent of the corridor along 

this reach. There is very little major infrastructure along this reach of the 

San Joaquin River. A natural gas pipeline is within 1,000 feet of the river at 

RMs 219 to 220. 

SPFC levees are along both river banks.  The physical condition of these 

levees is of higher concern. 

Stakeholders identified a potential restoration opportunity along this reach 

of the San Joaquin River. 

3.4.4 Chowchilla Bypass to Mendota Dam 

From Chowchilla Bypass to Mendota Dam, FIP varies considerably. 

However, nearly half of the corridor has 67 percent chance Sustained 

Spring or 50 percent chance FIP. Most of these areas are disconnected from 

the river. 

The backwater of Mendota Pool occupies the lower few miles of this reach. 

This backwater is an extensive area of open water bordered by riparian and 

emergent wetland vegetation. The Mendota Pool is formed by Mendota 

Dam at the confluence of the San Joaquin River and Fresno Slough. The 

primary source of water to the Mendota Pool is conveyed from the Delta 

through the Delta-Mendota Canal. Most of the Mendota Pool is less than 

10 feet deep, with the deepest areas no more than 20 feet deep and 

averaging about 400 feet wide. Inflows to and outflows from the pool are 

balanced so that the pool remains at a relatively constant depth. The pool 

must remain above 14.5 feet at the Mendota Dam gage for users at the 

southern end of the pool to be able to draw water. 

Along this reach of the San Joaquin River, there are almost no conserved 

lands. However, the Mendota Wildlife Area is along the James Bypass, at 

the southern end of the Mendota Pool. 

Natural vegetation covers nearly 15 percent of the corridor along this reach, 

and riparian/wetland vegetation covers about 5 percent of the corridor. 

Riparian and wetland-associated sensitive species documented along this 

reach include Sanford’s arrowhead, giant garter snake, western pond turtle, 

and Swainson’s hawk. 

Developed land uses occupy only about 1 percent of the corridor along this 

reach. Although San Mateo Road crosses the river in this reach and a 

natural gas pipeline repeatedly crosses the river between RMs 203 and 208, 

Mendota Dam and the diversions associated with Mendota Dam account 

for most major infrastructure along this reach. Also, there is a community 

airport at Mendota within 2 miles of the river. 
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There are nonproject levees on both banks of this reach. There are no 

project levees along this reach. 

The SJRRP includes constructing a bypass channel around Mendota Pool, 

and setting back levees to create a floodplain between 500 and 3,700 feet 

wide. It also identifies modifying the San Mateo Road crossing as a 

potential restoration action. Stakeholders also identified a potential 

restoration opportunity along this reach of the San Joaquin River. 

3.4.5 Mendota Dam to Sack Dam 

Along this reach, regulated flows for water deliveries from the Delta-

Mendota Canal are conveyed through the San Joaquin River channel to 

Sack Dam for diversion to Arroyo Canal. 

From Mendota Dam to Sack Dam, about two-thirds of the corridor along 

the river has 50 percent chance FIP, and most of the remainder (mostly 

located near Firebaugh) has greater than 10 percent chance FIP. Along this 

reach, nearly 90 percent of areas with 50 percent chance FIP are 

disconnected from the river. 

Natural vegetation covers about an eighth of the corridor along this reach, 

and riparian/wetland vegetation covers less than 4 percent of the corridor. 

Riparian and wetland-associated sensitive species documented along this 

reach include giant garter snake, western pond turtle, Swainson’s hawk, 

and western red bat. There is almost no conserved area along this reach of 

the San Joaquin River. 

Developed land uses occupy about 5 percent of the corridor along this 

reach, and are extensive in the vicinity of Firebaugh on the west bank. 

Major infrastructure along this reach includes a crossing by Avenue 7 ½; 

electrical transmission line crossings near RMs 184, 185, and 195; a natural 

gas pipeline crossing near RM 192; and a gravel mine near RM 188. There 

is also a community airport at Firebaugh that is within 1 mile of the river. 

For most of its length, this reach is bounded on both sides by man-made 

structures, including irrigation canals and project and nonproject levees. 

There are no project levees along this reach. At some locations, lands 

within the floodway are actively used for agricultural production, and are 

protected by local or interior levees. During the 2006 flood, a number of 

these parcels were inundated. 

The SJRRP has not planned or identified any restoration actions along this 

reach other than modification of facilities to improve fish passage, and the 

previously described Mendota Pool Bypass, which would reconnect to the 



 3.0 Results of Floodplain Restoration Opportunities Analysis 

January 2012 3-23 
Public Draft 

river at the beginning of this reach. Stakeholders, however, identified a 

potential restoration opportunity along this reach of the San Joaquin River. 

3.4.6 Sack Dam to Sand Slough Control Structure 

From Sack Dam to the Sand Slough Control Structure, the geomorphology 

of the San Joaquin River is transitional from the meandering river channel 

and associated floodplain of upstream reaches to the numerous sloughs and 

extensive floodbasins downstream. Many sloughs originate in this and the 

immediately downstream reach of the San Joaquin River. 

This reach normally carries only seepage water from Sack Dam and from 

adjacent agricultural areas. At its downstream end, any water in the channel 

flows through Sand Slough and into the Eastside Bypass. 

Along this reach, the floodway is only about 300 feet wide. Outside of this 

floodway, the corridor along the river consists predominantly of areas with 

50 percent chance FIP, which are disconnected from the river. 

Natural vegetation covers about an eighth of the corridor along this reach, 

but riparian/wetland vegetation covers less than 2 percent of the corridor. 

Swainson’s hawk has been documented along this reach. There are no 

conserved lands along this reach of the San Joaquin River. 

The floodplain of this reach is almost entirely in agricultural use. It 

virtually lacks developed land uses and has relatively little major 

infrastructure: SR 152 crosses the river at RM 173, an electrical 

transmission line crosses the river at RM 173, and a natural gas pipeline 

crosses the river near Sack Dam.  

Nonproject levees are close to the river along all of this reach except at the 

northern end, where there are SPFC levees. The physical condition of these 

project levees is of higher concern. 

The SJRRP includes projects to modify Sack Dam (to improve fish 

passage) and to screen the intake of the Arroyo Canal. Stakeholders did not 

identify potential restoration opportunities along this reach of the San 

Joaquin River. 

3.4.7 Sand Slough Control Structure to Mariposa 
Bypass 

In this reach, the channel of the San Joaquin River historically was 

connected to sloughs and floodbasins. Consequently, more than two-thirds 

of the corridor along the river has 67 percent chance FIP, and most of the 

remainder has Below Baseflow FIP. This reach has the largest percentage 

of 67 percent chance FIP among reaches of the San Joaquin and 
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Sacramento river systems. About 60 percent of these areas are disconnected 

from the river. 

Natural vegetation covers nearly 15 percent of the corridor along this reach, 

and riparian/wetland vegetation covers approximately 3 percent of the 

corridor. Riparian and wetland-associated sensitive species documented 

along this reach include Delta button-celery (Eryngium racemosum), giant 

garter snake, northern harrier (Circus cyaneus), and Swainson’s hawk. 

More than 5 percent of the corridor along this reach has been conserved. 

This conserved land is part of the San Luis National Wildlife Refuge. 

This reach virtually lacks developed land uses. Other than the Sand Slough 

Control Structure and the Mariposa Bypass at the ends of this reach, and 

several levees, this reach also has almost no major infrastructure. SPFC 

levees are on both banks at the northern end of this reach, and nonproject 

levees are at two locations farther upstream. The physical condition of the 

SPFC levees is of higher concern. 

The SJRRP includes increasing conveyance in this reach, potentially with 

setback levees, modifying road crossings, and modifying the San Slough 

Control Structure to improve fish passage and the San Joaquin River 

Headgate to allow improve conveyance. 

Stakeholders identified potential restoration opportunities along this reach 

of the San Joaquin River. 

3.4.8 Mariposa Bypass to Bear Creek 

From the Mariposa Bypass to Bear Creek, the San Joaquin River was 

historically connected to sloughs and floodbasins. Approximately 90 

percent of the corridor along this reach has 50 percent chance FIP. Most of 

this area is disconnected from the river. 

Natural vegetation covers more than 90 percent of the corridor along this 

reach, and riparian/wetland vegetation covers nearly 15 percent of the 

corridor. Riparian and wetland-associated sensitive species documented 

along this reach include Delta button-celery, northern harrier, and 

Swainson’s hawk. 

More than 70 percent of the corridor along this reach of the San Joaquin 

River has been conserved. Unlike most reaches, the majority of this 

conserved land is disconnected from the river. Conserved areas along this 

reach include a portion of the San Luis National Wildlife Refuge. 
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This reach virtually lacks developed land uses. There is very little major 

infrastructure along this reach other than an electrical transmission line that 

crosses the river at RM 142. 

SPFC levees are on both banks along this reach.  The physical condition of 

these levees is of higher concern. 

Stakeholders identified potential restoration opportunities along this reach 

of the San Joaquin River. 

3.4.9 Bear Creek to Merced River 

From Bear Creek to the Merced River, the San Joaquin River has more 

sinuosity than in upstream reaches; and oxbow, side channel, and remnant 

channel landforms are present. About half of the corridor along the river 

has a 50 percent chance FIP, and most of these areas are connected to the 

river. 

Natural vegetation covers more than 70 percent of the corridor along this 

reach, and riparian/wetland vegetation covers nearly 10 percent of the 

corridor. Riparian and wetland-associated sensitive species documented 

along this reach include Delta button-celery, western pond turtle, colonies 

of tricolored blackbirds, northern harrier, Swainson’s hawk, western red 

bat, and pallid bat (Antrozous pallidus). 

More than 50 percent of this reach of the San Joaquin River has been 

preserved. Conserved areas along this reach include the North Grasslands 

Wildlife Area, Great Valley Grasslands State Park, and San Luis National 

Wildlife Refuge. 

Developed land uses occupy only about 2 percent of the corridor along this 

reach. There is little major infrastructure along this reach: an electrical 

transmission line is located near the river at RM 116, SR 140 crosses the 

river near RM 123, and Lander Avenue crosses the river near RM 130.   

An SPFC levee is located along the river’s east side, and extends for 

several miles along the west side.  The physical condition of the east levee 

is of medium concern; the physical condition of the west levee is of higher 

concern. 

Stakeholders identified potential restoration opportunities along this reach 

of the San Joaquin River. 
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3.4.10 Merced River to Tuolumne River 

Between the Merced and Tuolumne rivers, the San Joaquin River is 

sinuous and in some areas is actively meandering. The corridor along this 

reach of the San Joaquin River includes abandoned sloughs, channel 

portions, and oxbow cutoffs. In this reach, more than half of the corridor 

along the San Joaquin River has a 10 percent chance or greater than a 

10 percent chance FIP. A 50 percent chance FIP accounts for almost 

40 percent of the corridor, and about half of these areas are disconnected 

from the river. 

Natural vegetation covers more than 30 percent of the corridor along this 

reach, and riparian/wetland vegetation covers about 6 percent of the 

corridor. Riparian and wetland-associated sensitive species documented 

along this reach include Delta button-celery, VELB, wading bird rookeries, 

least Bell’s vireo (Vireo bellii pusillus), colonies of tricolored blackbirds, 

Swainson’s hawk, pallid bat, and western red bat. This reach also provides 

habitat for Sacramento splittail; and migrating, holding, and rearing, 

steelhead and fall-run Chinook salmon. 

Only a small portion of the corridor along this reach of the San Joaquin 

River has been conserved (approximately 5 percent of the corridor). 

However, there are several conserved areas along this reach, including the 

West Hilmar Wildlife Area, a portion of the San Joaquin National Wildlife 

Refuge, and several county and regional parks and open space areas. 

Developed land uses occupy about 5 percent of the corridor along this 

reach. However, major infrastructure is widely dispersed along this reach. 

Electrical transmission lines cross the river near RMs 85, 87, and 101, and 

pipelines cross the river near RMs 101 and 107. In addition to these 

crossings, a wastewater treatment facility is on the east bank at RMs 94 and 

93, and an aggregate mine is near RM 107. 

SPFC levees are along most of the east bank and portions of the west bank, 

but neither connects to other SPFC levees upstream or downstream from 

this reach. The physical condition of these levees is of higher concern, 

except for a west levee at the junction with the Tuolumne River, whose 

physical condition is of medium concern.  There are several nonproject 

levees in intervening areas. 

Stakeholders identified potential restoration opportunities along this reach 

of the San Joaquin River. 

3.4.11 Tuolumne River to Stanislaus River 

The San Joaquin River is actively meandering in portions of this reach, and 

the river corridor includes floodplain with complex topography, including 

oxbows, swales, and other products of channel migration. Between the 
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Tuolumne and Stanislaus rivers, nearly half of the corridor along the San 

Joaquin River has a 50 percent chance FIP, and most of the remainder has 

either 10 percent chance or greater than a 10 percent chance FIP. 

Approximately 60 percent of areas with a 50 percent chance FIP are 

disconnected from the river. 

Natural vegetation covers nearly half of the corridor along this reach, and 

riparian/wetland vegetation covers more than 10 percent of the corridor. 

Riparian and wetland-associated sensitive species documented along this 

reach include VELB, least Bell’s vireo, colonies of tricolored blackbirds, 

Swainson’s hawk, riparian woodrat (Neotoma fuscipes riparia), and 

riparian brush rabbit (Sylvilagus bachmani riparius). This reach also 

provides habitat for migrating, holding, and rearing, steelhead and fall-run 

Chinook salmon. 

More than one-third of the corridor along this reach of the San Joaquin 

River has been conserved. This conserved land is part of the San Joaquin 

National Wildlife Refuge. 

This reach virtually lacks developed land uses. Along this reach, there is 

little major infrastructure except for levees: between RM 78 and RM 75, 

Maze Boulevard, and an electrical transmission line cross the river. 

There are SPFC levees on portions of both banks and nonproject levees 

connecting to and/or inside of the SPFC levees.  The physical condition of 

these levees is of higher concern. 

Stakeholders identified potential restoration opportunities along this reach 

of the San Joaquin River. 

3.4.12 Stanislaus River to Stockton 

The San Joaquin River is actively migrating in portions of this reach, and 

the corridor along the river includes floodplains with complex topography 

and oxbow lakes. From the Stanislaus River to Stockton, about 40 percent 

of the corridor along the San Joaquin River has a 50 percent chance FIP, 

and most of the remainder is distributed relatively evenly between areas 

with Below Base Flow, a 67 percent chance Sustained Spring, and a 10 

percent chance FIP. About 90 percent of areas with a 67 percent chance 

Sustained Spring or 50 percent chance FIP are disconnected from the river. 

In this tidally influenced reach, the San Joaquin River enters the legal 

Delta. 

Natural vegetation covers approximately 10 percent of the corridor along 

this reach, and riparian/wetland vegetation covers approximately 2 percent 

of the corridor. Riparian and wetland-associated sensitive species 

documented along this reach include Sanford’s arrowhead, Delta button-

celery, several plants associated with marshes and sloughs (e.g., slough 
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thistle (Cirsium crassicaule)), Suisun song sparrow (Melospiza melodia 

maxillaris), colonies of tricolored blackbirds, Swainson’s hawk, riparian 

woodrat, and riparian brush rabbit. This reach also provides habitat for 

several sensitive fish species, including foraging adult green sturgeon; and 

migrating, holding, and rearing steelhead and fall-run Chinook salmon; and 

this reach contains delta smelt designated critical habitat. 

Only a very small portion of the corridor along this reach has been 

conserved (approximately 1 percent of the corridor). The only conserved 

area along this reach is a small preserve near Vernalis. 

Developed land uses are extensive, occupying more than one-quarter of the 

corridor along this reach. This reach of the San Joaquin River has a high 

density of major infrastructure that not only includes major road and 

railroad, natural gas pipeline, and electrical transmission line crossings, but 

also aggregate mines and refineries. However, there is no major 

infrastructure between RMs 43 and 46, RMs 47 and 56, and RMs 61 and 

65. 

Except for an upstream portion of the west bank, there are SPFC levees on 

both banks along this reach. The physical condition of these levees is 

predominantly of higher concern, but there are sections on both banks (that 

total several miles in length) whose physical condition is of medium or 

lower concern. 

Stakeholders identified a potential restoration opportunity along this reach 

of the San Joaquin River. 

3.5 San Joaquin River Tributary Reach 
Descriptions 

The lowermost reach of the Merced, Tuolumne, and Stanislaus rivers were 

evaluated. These reaches begin approximately 1 mile upstream from the 

tributary’s junction with the Sacramento River because the corridor along 

the Sacramento River extends 1 mile from the centerline of the Sacramento 

River. 

3.5.1 Merced River 

The lowermost reach of the Merced River has a relatively narrow 

floodplain constrained by uplands of higher elevation. Consequently, 

almost three-quarters of the corridor along this reach has a greater than 10 

percent chance FIP. Only a very small area of floodplain has a 50 percent 

chance FIP or a 67 percent chance Sustained Spring FIP, most of which is 

connected to the river. 
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Natural vegetation covers nearly 10 percent of the corridor along this reach, 

and riparian/wetland vegetation covers about 2 percent of the corridor. 

Riparian and wetland-associated sensitive species documented along this 

reach include VELB, Swainson’s hawk, pallid bat, and western red bat. 

This reach also provides habitat for migrating, holding, and rearing, 

steelhead and fall-run Chinook salmon. 

Only a very small portion of the corridor along this reach of the Merced 

River has been conserved (less than 1 percent of the corridor). Conserved 

areas along this reach are limited to the George J. Hatfield State Recreation 

Area and a county park. 

Developed land uses occupy about 8 percent of the corridor along this 

reach. Although dispersed throughout the reach, they are more extensive 

near Livingston at the upstream end of the reach. Major infrastructure 

along this reach includes a gravel mine near RM 17, and road crossings by 

Landers Avenue at RM 12 and SR 99 near RM 21. Additionally, a natural 

gas pipeline, an oil pipeline, and an electrical transmission line cross the 

river within this reach.  

There also are nonproject levees on the south bank of this reach at several 

locations, but no project levees. 

Stakeholders identified potential restoration opportunities along this reach 

of the Merced River. 

3.5.2 Tuolumne River 

Similar to the Merced River, the lowermost reach of the Tuolumne River 

has a relatively narrow floodplain constrained by uplands of higher 

elevation. Consequently, nearly 90 percent of the corridor along this reach 

has a greater than 10 percent chance FIP. Only a very small area of 

floodplain has a 50 percent chance FIP or a 67 percent chance Sustained 

Spring FIP, about half of which is connected to the river. 

Natural vegetation covers nearly an eighth of the corridor along this reach, 

and riparian/wetland vegetation covers about 2 percent of the corridor. 

Riparian and wetland-associated sensitive species documented along this 

reach include VELB, colonies of tricolored blackbirds, and Swainson’s 

hawk. This reach also provides habitat for migrating, holding, and rearing, 

steelhead and fall-run Chinook salmon. 

Only a small portion of this reach of the Tuolumne River has been 

conserved (nearly 5 percent of the corridor). Conserved areas along this 

reach include the Tuolumne River and Ceres River Bluff regional parks. 

Developed land uses occupy more than one-third of the corridor along this 

reach. Although located throughout the reach, developed land uses and 

major infrastructure are most extensive at Modesto (from RMs 10 to 22). 
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Major infrastructure is concentrated between approximately RM 13 and 

RM 22. In that stretch there are major road and railroad, electrical 

transmission line, and natural gas pipeline crossings. The Modesto City-

County Airport is also located within 1 mile of the river in this area.  

There are several nonproject levees on portions of each bank along this 

reach, but no project levees. 

Stakeholders identified potential restoration opportunities along this reach 

of the Tuolumne River. 

3.5.3 Stanislaus River 

Similar to the Merced and Tuolumne rivers, the lowermost reach of the 

Stanislaus River has a relatively narrow floodplain constrained by uplands 

of higher elevation. Consequently, more than half of the corridor along this 

reach has a greater than 10 percent chance FIP, and most of the remainder 

has a 10 percent chance FIP. Only a very small area of floodplain has a 

50 percent chance FIP or a 67 percent chance Sustained Spring FIP, more 

than two-thirds of which is disconnected from the river. 

Natural vegetation covers more than 15 percent of the corridor along this 

reach, but riparian/wetland vegetation accounts for about half of that land 

cover. Riparian and wetland-associated sensitive species documented along 

this reach include VELB, Swainson’s hawk, riparian woodrat, and riparian 

brush rabbit. This reach also provides habitat for migrating, holding, and 

rearing, steelhead and fall-run Chinook salmon. 

Nearly 15 percent of the corridor along this reach of the Stanislaus River 

has been conserved. Conserved areas along this reach of the Stanislaus 

River include Caswell State Park and San Joaquin National Wildlife 

Refuge. 

Developed land uses occupy about 9 percent of the corridor along this 

reach. Although some developed land uses are located throughout the 

reach, they are extensive at Ripon (RMs 12 to 14). Along this reach, there 

is little major infrastructure besides project and nonproject levees. Natural 

gas pipelines cross the river near RM 4 and RM 15.  

SPFC levees are on both banks for about the first 10 river miles. The 

physical condition of these project levees is of higher concern. Nonproject 

levees extend upstream discontinuously along both sides of the river.  

Stakeholders identified potential restoration opportunities along this reach 

of the Stanislaus River. 
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3.6 Maps and Tables of Results 

This section provides a set of maps (Figures 3-2 through 3-26) and tables 

(Tables 3-1 through 3-12) for 2-mile-wide corridors along (1) Sacramento 

River reaches, (2) Sacramento River tributary and bypass reaches, (3) 

upper San Joaquin River reaches, and (4) lower San Joaquin River reaches. 

Each set includes maps of FIP, land use/land cover, conserved areas, and 

major infrastructure. Each set also includes a map of nonurban floodplain 

areas with a 67 percent chance Sustained Spring or a 50 percent chance FIP 

classified by their connectivity to the river system and their land use/land 

cover. (Areas with a 67 percent chance Sustained Spring or a 50 percent 

chance FIP represent those areas with the greatest potential for providing 

inundated floodplain habitats.) This map represents different types of 

restoration opportunities. Each set of tables summarizes information 

displayed on the maps by reach, including FIP and connectivity, and land 

cover and conservation status for selected areas. 
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Figure 3-2.  Floodplain Inundation Potential of Major River Corridors in the Upper  
Sacramento Basin 
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Figure 3-3.  Land Use/Land Cover of River Corridors in the Upper 
Sacramento Basin 
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Figure 3-4.  Conserved Areas of River Corridors in the Upper Sacramento Basin 
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Figure 3-5.  Major Infrastructure in River Corridors in the Upper 
Sacramento Basin 
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Figure 3-6.  Connectivity of FlP-Land Cover Types in the Upper Sacramento Basin 
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Figure 3-7.  Depth of 50 Percent Chance Floodplain Inundation 
Potential in the Sutter and Yolo Bypasses 



2012 Central Valley Flood Protection Plan 
Attachment 9F: Floodplain Restoration Opportunity Analysis 

3-38 January 2012 

 Public Draft 

 
Figure 3-8.  Land Use/Land Cover of River Corridors in the Sutter and Yolo Bypasses 
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Figure 3-9.  Conserved Areas of River Corridors in the Sutter and 
Yolo Bypasses 
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Figure 3-10.  Major Infrastructure in River Corridors in the Sutter and Yolo Bypasses 
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Figure 3-11.  Connectivity of FlP-Land Cover Types in the Sutter and 
Yolo Bypasses 
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Figure 3-12.  Floodplain Inundation Potential of Major River Corridors in the Lower  
Sacramento Basin 
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Figure 3-13.  Land Use/Land Cover of River Corridors in the Lower 
Sacramento Basin 
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Figure 3-14.  Conserved Areas of River Corridors in the Lower Sacramento Basin 
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Figure 3-15.  Major Infrastructure in River Corridors in the Lower 
Sacramento Basin 
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Figure 3-16.  Connectivity of FlP-Land Cover Types in Lower Sacramento Basin 
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Figure 3-17.  Floodplain Inundation Potential of River Corridors in the 
Upper San Joaquin Basin 
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Figure 3-18.  Land Use/Land Cover of River Corridors in the Upper  
San Joaquin Basin 
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Figure 3-19.  Conserved Areas of River Corridors in the Upper San 
Joaquin River Basin 
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Figure 3-20.  Major Infrastructure in River Corridors in the Upper San Joaquin Basin 
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Figure 3-21. Connectivity of FlP-Land Cover Types in the Upper San 
Joaquin Basin 
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Figure 3-22.  Floodplain Inundation Potential of River Corridors in the Lower  
San Joaquin Basin 
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Figure 3-23.  Land Use/Land Cover of River Corridors in the Lower San Joaquin 
Basin 
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Figure 3-24.  Conserved Areas of River Corridors in the Lower San Joaquin Basin 
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Figure 3-25.  Major Infrastructure in River Corridors in the Lower San Joaquin Basin 
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Figure 3-26.  Connectivity of FlP-Land Cover Types in Lower San Joaquin Basin 
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Table 3-1.  Floodplain Inundation Potential of Sacramento River 

Reach 
Modeled 

Area
1
 

(Acres) 

Floodplain Inundation Potential
2
 

(Percent of Modeled Area) 

< Base 
Flow

3
 

67% 
Chance 
Spring

4
 

50% 
Chance

5
 

10% 
Chance

6
 

< 10% 
Chance

7
 

Total 

Upper Sacramento Valley 

Woodson Bridge State 
Recreation Area–Chico Landing 

26,800 7 <1 32 32 28 100 

Chico Landing–Colusa 56,400 6 <1 71 12 11 100 

Lower Sacramento Valley 

Colusa–Verona 71,400 27 10 61 0 2 100 

Verona–American River 24,700 5 25 66 1 2 100 

American River–Freeport 17,000 20 28 43 4 4 100 

Freeport–Delta Cross Channel 24,800 61 31 5 1 2 100 

Delta Cross Channel–Deep 
Water Ship Channel 

16,200 93 3 2 1 2 100 

Deep Water Ship Channel–
Collinsville 

14,600 60 0 3 1 35 100 

Source: Data generated for this analysis by AECOM, 2011 

Notes: 
1
  Data are for a corridor extending 1 mile from each river bank of evaluated rivers; acreages are rounded to the nearest 100 acres 

and percentages are rounded to the nearest percent. 
2
  Based on potential hydrologic regime using categories described by Williams et al., 2009, as indicated by floodplain inundation 

potential (FIP) determined using technique of Dilts et al., 2010, and AECOM, 2011.  
3
  Elevation below or at water surface elevation of March 2008 base flow (i.e., LiDAR FIP ≤1 foot.). 

4
  Elevation above water surface of base flow but at or below that of 67 percent chance spring flow sustained for at least 7 days (i.e., 

LiDAR FIP > 1 foot, and 67 percent chance Sustained Spring FIP ≤1 foot.); 67 percent chance Sustained Spring FIP corresponds 
to Frequently Activated Floodplain of Williams et al., 2009, and Salmonid FIP of pilot study.  

5
  Elevation above water surface of 67 percent chance spring flow sustained for at least 7 days but below that of 50 percent chance 

flow (i.e., 67 percent chance Sustained Spring FIP >1 foot. and 50 percent chance FIP ≤1 foot.).  
6
  Elevation above water surface of 50 percent chance flow but below that of 10 percent chance flow (i.e., 50 percent chance FIP >1 

foot. and 10 percent chance FIP ≤1 foot). 
7
  Elevation above water surface of 10 percent chance flow (i.e., 10 percent chance FIP >1 foot). 
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Table 3-2.  Nonurban Floodplain Connectivity Percentages for the Sacramento River 

Reach 

Floodplain Inundation Potential
2
 

67% Chance Sustained Spring
4
 50% Chance

5
 

Extent 
(Acres) 

Connectivity
6
 

(Percent) Extent 
(Acres) 

Connectivity
6
 

(Percent) 

Connected Disconnected Connected Disconnected 

Upper Sacramento Valley 

Woodson Bridge State 
Recreation Area–Chico 
Landing 

<100 100 0 7,600 86 14 

Chico Landing–Colusa 200 98 2 37,900 41 59 

Lower Sacramento Valley 

Colusa–Verona 6,800 6 94 42,400 12 88 

Verona–American River 5,600 4 96 13,400 5 95 

American River–Freeport 2,200 5 95 1,600 10 90 

Freeport–Delta Cross 
Channel 

7,100 3 97 1,000 7 93 

Delta Cross Channel–
Deep Water Ship 
Channel 

400 22 78 200 56 44 

Deep Water Ship 
Channel–Collinsville 

<100 75 25 400 71 29 

Source: Data generated for this analysis by AECOM, 2011 

Notes: 
1  Data are for a corridor extending 1 mile from each river bank of evaluated rivers; acreages are rounded to the nearest 100 acres 

and percentages are rounded to the nearest percent. 
2  Based on potential hydrologic regime using categories described by Williams et al., 2009, as indicated by floodplain inundation 

potential (FIP) determined using technique of Dilts et al., 2010, and AECOM, 2011. Connectivity not modeled for areas with 10 
percent chance and > 10 percent chance FIP. 

3  Elevation below or at water surface elevation of March 2008 base flow (i.e., LiDAR FIP ≤1 foot.). 
4  Elevation above water surface of base flow but at or below that of 67 percent chance spring flow sustained for at least 7 days (i.e., 

LiDAR FIP > 1 foot, and 67 percent chance Sustained Spring FIP ≤1 foot.); 67 percent chance Sustained Spring FIP corresponds 
to Frequently Activated Floodplain of Williams et al., 2009, and Salmonid FIP of EFM (used in pilot study).  

5  Elevation above water surface of 67 percent chance spring flow sustained for at least 7 days but below that of 50 percent chance 
flow (i.e., 67 percent chance Sustained Spring FIP >1 foot. and 50 percent chance FIP ≤1 foot). 

6  Connected to or disconnected (“Discon.”) from river system during a 50 percent chance flow (i.e., modeled as inundated by flood 
flows under existing conditions). 
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Table 3-3.  Sacramento River Distribution of Nonurban 67 Percent Chance 
Sustained Spring and 50 Percent Chance FIP by Connectivity, Land Use, and 
Conservation Status1 

Landscape Category 

Percentage of Evaluated Corridor by Reach
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Conserved-Riparian/Wetland 7 5 <1 1 <1 <1 <1 <1 

Conserved-Natural Upland 1 2 1 1 <1 <1 0 <1 

Conserved-Agricultural 1 2 <1 <1 0 <1 <1 <1 

Not Conserved-Riparian/Wetland 4 8 2 2 1 <1 <1 <1 

Not Conserved-Natural Upland 2 4 1 <1 <1 <1 <1 1 

Not Conserved-Agricultural 9 6 3 <1 <1 <1 <1 <1 

Connected Subtotal 24 28 8 4 2 1 1 2 

Disconnected
3
 

Conserved-Riparian/Wetland <1 <1 <1 <1 <1 <1 <1 0 

Conserved-Natural Upland <1 <1 <1 <1 <1 1 <1 <1 

Conserved-Agricultural 1 <1 <1 4 0 1 <1 <1 

Not Conserved-Riparian/Wetland <1 1 1 3 <1 <1 <1 <1 

Not Conserved-Natural Upland <1 <1 2 4 8 3 <1 <1 

Not Conserved-Agricultural 2 37 57 61 11 26 2 <1 

Disconnected Subtotal 4 39 61 73 20 32 2 1 

Total 28 68 69 77 22 33 3 3 

Source: DFG 1997, DOC 2008, DWR 2010, and Data generated for this analysis by AECOM, 2011 

Notes: 
1
  Based on potential hydrologic regime using categories described by Williams et al., 2009, as indicated by floodplain 

inundation potential (FIP) determined using technique of Dilts et al., 2010, and AECOM, 2011. 67 percent chance 
Sustained Spring FIP represents elevations above water surface of base flow (i.e., March 2008 flows; LiDAR FIP) but at or 
below that of 67 percent chance spring flow sustained for at least 7 days (i.e., LiDAR FIP > 1 foot. and 67 percent chance 
Sustained Spring FIP ≤1 foot.). 50 percent chance FIP represents elevations above water surface of 50 percent chance 
flow but below that of 10 percent chance flow (i.e., 50 percent chance FIP >1 foot, and 10 percent chance FIP ≤1 foot.). 

2
  Data are for a corridor extending 1 mile from each river bank of evaluated rivers; percentages are rounded to the nearest 

percent. 
3
  Connected to or disconnected from river system during a 50 percent chance flow (i.e., modeled as inundated by flood 

flows under 2008 infrastructure and topography). 
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Table 3-4.  Floodplain Inundation Potential of Sacramento River Tributaries 

Reach 
Modeled 

Area
1
 

(Acres) 

Floodplain Inundation Potential
2
 

(Percent of Modeled Area) 

< Base 
Flow

3
 

67% 
Chance 
Spring

4
 

50% 
Chance

5
 

10% 
Chance

6
 

< 10% 
Chance

7
 

Total 

Feather River 

Thermalito Afterbay–
Yuba River 

35,800 4 0 41 28 27 100 

Yuba River–Bear River 18,600 5 1 86 6 2 100 

Bear River–Sutter 
Bypass 

5,800 6 1 89 1 2 100 

Sutter Bypass–
Sacramento River 

8,600 4 12 83 1 1 100 

Other Tributaries 

Yuba River 15,400 8 1 11 26 54 100 

Bear River 14,600 3 12 37 35 14 100 

American River 26,500 4 1 14 28 53 100 

Source: Data generated for this analysis by AECOM, 2011 

Notes: 
1
  Data are for a corridor extending 1 mile from each river bank of evaluated rivers; acreages are rounded to the nearest 100 

acres and percentages are rounded to the nearest percent. 
2
  Based on potential hydrologic regime using categories described by Williams et al., 2009, as indicated by floodplain 

inundation potential (FIP) determined using technique of Dilts et al., 2010, and AECOM, 2011.  
3
  Elevation below or at water surface elevation of March 2008 base flow (i.e., LiDAR FIP ≤1 foot.). 

4
  Elevation above water surface of base flow but at or below that of 67 percent chance spring flow sustained for at least 7 

days (i.e., LiDAR FIP > 1 foot, and 67 percent chance Sustained Spring FIP ≤1 foot.); 67 percent chance Sustained Spring 
FIP corresponds to Frequently Activated Floodplain of Williams et al., 2009, and Salmonid FIP of pilot study.  

5
  Elevation above water surface of 67 percent chance spring flow sustained for at least 7 days but below that of 50 percent 

chance flow (i.e., 67 percent chance Sustained Spring FIP >1 foot. and 50 percent chance FIP ≤1 foot.).  
6
  Elevation above water surface of 50 percent chance flow but below that of 10 percent chance flow (i.e., 50 percent chance 

FIP >1 foot. and 10 percent chance FIP ≤1 foot). 
7
  Elevation above water surface of 10 percent chance flow (i.e., 10 percent chance FIP >1 foot). 
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Table 3-5.  Nonurban Floodplain Connectivity Percentages for Sacramento River 
Tributaries 

Reach 

Floodplain Inundation Potential
2
 

67% Chance Sustained Spring
4
 50% Chance

5
 

Extent 
(Acres) 

Connectivity
6
 

(Percent) Extent 
(Acres) 

Connectivity
6
 

(Percent) 

Connected Disconnected Connected Disconnected 

Feather River 

Thermalito Afterbay–
Yuba River 

100 100 <1 11,900 69 31 

Yuba River–Bear River 200 70 30 14,200 31 69 

Bear River–Sutter 
Bypass 

100 87 13 5,100 35 65 

Sutter Bypass–
Sacramento River 

1,000 57 43 7,000 57 43 

Other Tributaries 

Yuba River 100 38 62 1,200 47 53 

Bear River 1,200 14 86 5,200 15 85 

American River 200 98 2 1,100 84 16 

Source: Data generated for this analysis by AECOM, 2011  

Notes: 
1
  Data are for a corridor extending 1 mile from each river bank of evaluated rivers; acreages are rounded to the nearest 100 

acres and percentages are rounded to the nearest percent. 
2
  Based on potential hydrologic regime using categories described by Williams et al., 2009, as indicated by floodplain inundation 

potential (FIP) determined using technique of Dilts et al., 2010, and AECOM, 2011. Connectivity not modeled for areas with 10 
percent chance and > 10 percent chance FIP. 

3
  Elevation below or at water surface elevation of March 2008 base flow (i.e., LiDAR FIP ≤1 foot.). 

4
  Elevation above water surface of base flow but at or below that of 67 percent chance spring flow sustained for at least 7 days 

(i.e., LiDAR FIP > 1 foot, and 67 percent chance Sustained Spring FIP ≤1 foot.); 67 percent chance Sustained Spring FIP 
corresponds to Frequently Activated Floodplain of Williams et al., 2009, and Salmonid FIP of EFM (used in pilot study).  

5
  Elevation above water surface of 67 percent chance spring flow sustained for at least 7 days but below that of 50 percent 

chance flow (i.e., 67 percent chance Sustained Spring FIP >1 foot. and 50 percent chance FIP ≤1 foot).  
6
  Connected to or disconnected (“Discon.”) from river system during a 50 percent chance flow (i.e., modeled as inundated by 

flood flows under existing conditions). 
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Table 3-6.  Sacramento River Tributaries Distribution of Nonurban 67 Percent 
Chance Sustained Spring and 50 Percent Chance FIP by Connectivity, Land 
Use, and Conservation Status1 
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Percentage of Evaluated Corridor by Reach
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Conserved-Riparian/Wetland 1 8 4 0 <1 <1 2 

Conserved-Natural Upland 1 3 9 0 <1 <1 1 

Conserved-Agricultural <1 1 <1 0 <1 <1 0 

Not Conserved-Riparian/Wetland 4 7 9 6 1 3 <1 

Not Conserved-Natural Upland 2 2 8 9 2 2 <1 

Not Conserved-Agricultural 14 4 2 37 <1 1 <1 

Connected Subtotal 23 25 32 53 4 7 4 

Disconnected
3
 

Conserved-Riparian/Wetland 3 0 0 0 <1 <1 <1 

Conserved-Natural Upland 1 <1 <1 0 <1 <1 <1 

Conserved-Agricultural <1 <1 <1 0 0 0 0 

Not Conserved-Riparian/Wetland <1 1 <1 <1 <1 1 <1 

Not Conserved-Natural Upland 1 3 7 1 2 7 <1 

Not Conserved-Agricultural 5 49 49 38 1 30 <1 

Disconnected Subtotal 10 53 57 40 5 38 1 

Total 33 78 89 93 9 44 5 

Source: DFG 1997, DOC 2008, DWR 2010, and Data generated for this analysis by AECOM, 2011 

Notes: 
1
  Based on potential hydrologic regime using categories described by Williams et al., 2009, as indicated by 

floodplain inundation potential (FIP) determined using technique of Dilts et al., 2010, and AECOM, 2011. 67 
percent chance Sustained Spring FIP represents elevations above water surface of base flow (i.e., March 2008 
flows; LiDAR FIP) but at or below that of 67 percent chance spring flow sustained for at least 7 days (i.e., 
LiDAR FIP > 1 foot, and 67 percent chance Sustained Spring FIP ≤1 foot). 50 percent chance FIP represents 
elevations above water surface of 50 percent chance flow but below that of 10 percent chance flow (i.e., 50 
percent chance FIP >1 foot. and 10 percent chance FIP ≤1 foot). 

2
  Data are for a corridor extending 1 mile from each river bank of evaluated rivers; percentages are rounded to 

the nearest percent. 
3
  Connected to or disconnected from river system during a 50 percent chance flow (i.e., modeled as inundated 

by flood flows under 2008 infrastructure and topography). 
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Table 3-7.  Floodplain Inundation Potential of Upper San Joaquin River 

Reach 
Modeled 

Area
1
 

(Acres) 

Floodplain Inundation Potential
2
 

(Percent of Modeled Area) 

< Base 
Flow

3
 

67% 
Chance

4
 

50% 
Chance

5
 

10% 
Chance

6
 

< 10% 
Chance

7
 

Total 

Friant Dam–State Route 99 22,500 9 1 1 4 85 100 

State Route 99–Gravelly Ford  19,400 2 1 2 2 92 100 

Gravelly Ford–Chowchilla 
Bypass 

10,500 6 13 29 18 34 100 

Chowchilla Bypass–Mendota 
Dam 

8,400 31 26 22 14 7 100 

Mendota Dam–Sack Dam 23,800 4 3 66 1 27 100 

Sack Dam–Sand Slough 
Control Structure 

14,900 2 10 83 1 5 100 

Sand Slough Control 
Structure–Mariposa Bypass 

19,200 20 69 9 0 1 100 

Mariposa Bypass–Bear Creek 9,700 2 6 90 1 1 100 

Bear Creek–Merced River 16,00 4 4 52 19 20 100 

Source: Data generated for this analysis by AECOM, 2011 

Notes: 
1
  Data are for a corridor extending 1 mile from each river bank of evaluated rivers; acreages are rounded to the nearest 100 

acres and percentages are rounded to the nearest percent. 
2
  Based on potential hydrologic regime using categories described by Williams et al., 2009, as indicated by floodplain inundation 

potential (FIP) determined using technique of Dilts et al., 2010, and AECOM, 2011.  
3
  Elevation below or at water surface elevation of March 2008 base flow (i.e., LiDAR FIP ≤1 foot.). 

4
  Elevation above water surface of base flow but at or below that of 67 percent chance spring flow sustained for at least 7 days 

(i.e., LiDAR FIP > 1 foot, and 67 percent chance Sustained Spring FIP ≤1 foot.); 67 percent chance Sustained Spring FIP 
corresponds to Frequently Activated Floodplain of Williams et al., 2009, and Salmonid FIP of pilot study. 

5
  Elevation above water surface of 67 percent chance Sustained Spring FIP but below that of 50 percent chance flow (i.e., 67 

percent chance Sustained Spring FIP >1 foot. and 50 percent chance FIP ≤1 foot).  
6
  Elevation above water surface of 50 percent chance flow but below that of 10 percent chance flow (i.e., 50 percent chance FIP 

>1 foot. and 10 percent chance FIP ≤1 foot). 
7
  Elevation above water surface of 10 percent chance flow (i.e., 10 percent chance FIP >1 foot). 
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Table 3-8.  Nonurban Floodplain Connectivity Percentages for Upper San Joaquin River 

Reach 

Floodplain Inundation Potential
2
 

67% Chance Sustained Spring
4
 50% Chance

5
 

Extent 
(Acres) 

Connectivity
6
 

(Percent) Extent 
(Acres) 

Connectivity
6
 

(Percent) 

Connected Disconnected Connected Disconnected 

Friant Dam–State Route 99 200 69 31 200 88 12 

State Route 99–Gravelly 
Ford  

300 100 0 300 96 4 

Gravelly Ford–Chowchilla 
Bypass 

1,400 19 81 2,800 11 89 

Chowchilla Bypass–Mendota 
Dam 

2,100 35 65 900 23 77 

Mendota Dam–Sack Dam 600 68 32 9,300 13 87 

Sack Dam–Sand Slough 
Control Structure 

1,100 17 83 11,700 1 99 

Sand Slough Control 
Structure–Mariposa Bypass 

5,800 39 61 1,700 10 90 

Mariposa Bypass–Bear 
Creek 

500 57 43 4,800 21 79 

Bear Creek–Merced River 700 99 1 7,800 84 16 

Source: Data generated for this analysis by AECOM, 2011  

 Notes: 
1
  Data are for a corridor extending 1 mile from each river bank of evaluated rivers; acreages are rounded to the nearest 100 acres 

and percentages are rounded to the nearest percent. 
2
  Based on potential hydrologic regime using categories described by Williams et al., 2009, as indicated by floodplain inundation 

potential (FIP) determined using technique of Dilts et al., 2010, and AECOM, 2011. Connectivity not modeled for areas with 10 
percent chance and > 10 percent chance FIP. 
3
  Elevation below or at water surface elevation of March 2008 base flow (i.e., LiDAR FIP ≤1 foot.). 

4
  Elevation above water surface of base flow but at or below that of 67 percent chance spring flow sustained for at least 7 days (i.e., 

LiDAR FIP > 1 foot, and 67 percent chance Sustained Spring FIP ≤1 foot.); 67 percent chance Sustained Spring FIP corresponds to 
Frequently Activated Floodplain of Williams et al., 2009, and Salmonid FIP of EFM (used in pilot study). 
5
  Elevation above water surface of 67 percent chance spring flow sustained for at least 7 days but below that of 50 percent chance 

flow (i.e., 67 percent chance Sustained Spring FIP >1 foot. and 50 percent chance FIP ≤1 foot).  
6
  Connected to or disconnected (“Discon.”) from river system during a 50 percent chance flow (i.e., modeled as inundated by flood 

flows under existing conditions). 
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Table 3-9.  Upper San Joaquin Valley Distribution of Nonurban 67 Percent Chance 
Sustained Spring and 50 Percent Chance FIP by Connectivity, Land Use, and  
Conservation Status1 

Landscape Category 

Percentage of Evaluated Corridor by Reach
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3
 

Conserved-Riparian/Wetland 0 0 0 <1 0 0 <1 3 12 

Conserved-Natural Upland <1 <1 0 0 0 0 <1 5 24 

Conserved-Agricultural 0 0 0 0 0 0 0 <1 0 

Not Conserved-
Riparian/Wetland 

1 1 <1 <1 2 1 1 1 2 

Not Conserved-Natural Upland <1 1 4 1 2 1 1 3 5 

Not Conserved-Agricultural <1 <1 1 10 3 <1 11 0 1 

Connected Subtotal 1 3 5 11 7 2 13 13 44 

Disconnected
3
 

Conserved-Riparian/Wetland 0 0 0 0 0 0 4 25 2 

Conserved-Natural Upland <1 0 0 0 0 0 2 16 3 

Conserved-Agricultural 0 0 0 0 0 0 0 <1 <1 

Not Conserved-
Riparian/Wetland 

0 0 <1 <1 1 1 <1 <1 1 

Not Conserved-Natural Upland <1 <1 <1 1 1 6 <1 <1 1 

Not Conserved-Agricultural <1 <1 34 24 33 77 20 0 2 

Disconnected Subtotal <1 <1 34 25 35 84 26 41 8 

Total 1 3 42 48 42 92 39 54 52 

Source: DFG 1997, DOC 2008, DWR 2010, and Data generated for this analysis by AECOM, 2011 

Notes: 
1 
 Based on potential hydrologic regime using categories described by Williams et al., 2009, as indicated by floodplain 
inundation potential (FIP) determined using technique of Dilts et al,. 2010, and AECOM, 2011. 67 percent chance Sustained 
Spring FIP represents elevations above water surface of base flow (i.e., March 2008 flows; LiDAR FIP) but at or below that of 
67 percent chance spring flow sustained for at least 7 days (i.e., LiDAR FIP > 1 foot, and 67 percent chance Sustained Spring 
FIP ≤1 foot). 

2  
Data are for a corridor extending 1 mile from each river bank of evaluated rivers; percentages are rounded to the nearest 
percent. 

3  
Connected to or disconnected from river system during a 50 percent chance flow (i.e., modeled as inundated by flood flows 
under 2008 infrastructure and topography). 
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Table 3-10.  Floodplain Inundation Potential of Lower San Joaquin River and 
Tributaries 

Reach 
Modeled 

Area
1
 

(Acres) 

Floodplain Inundation Potential
2
 

(Percent of Modeled Area) 

< Base 
Flow

3
 

67% 
Chance

4
 

50% 
Chance

5
 

10% 
Chance

6
 

< 10% 
Chance

7
 

Total 

San Joaquin River 

Merced River–Tuolumne 
River 

32,900 3 3 38 20 36 100 

Tuolumne River–
Stanislaus River 

9,100 4 3 47 18 28 100 

Stanislaus River–Stockton 35,200 18 15 40 19 9 100 

Tributaries 

Merced River 18,800 1 1 4 21 73 100 

Tuolumne River 25,700 1 1 5 5 88 100 

Stanislaus River 10,700 2 <1 4 37 57 100 

Source: Data generated for this analysis by AECOM, 2011 

Notes: 
1
  Data are for a corridor extending 1 mile from each river bank of evaluated rivers; acreages are rounded to the nearest 100 

acres and percentages are rounded to the nearest percent. 
2
  Based on potential hydrologic regime using categories described by Williams et al., 2009, as indicated by floodplain 

inundation potential (FIP) determined using technique of Dilts et al., 2010, and AECOM, 2011.  
3
  Elevation below or at water surface elevation of March 2008 base flow (i.e., LiDAR FIP ≤1 foot). 

4
  Elevation above water surface of base flow but at or below that of 67 percent chance spring flow sustained for at least 7 

days (i.e., LiDAR FIP > 1 foot, and 67 percent chance Sustained Spring FIP ≤1 foot.); 67 percent chance Sustained Spring 
FIP corresponds to Frequently Activated Floodplain of Williams et al., 2009, and Salmonid FIP of pilot study.  

5
  Elevation above water surface of 67 percent chance spring flow sustained for at least 7 days but below that of 50 percent 

chance flow (i.e., 67 percent chance Sustained Spring FIP >1 foot. and 50 percent chance FIP ≤1 foot.).  
6
  Elevation above water surface of 50 percent chance flow but below that of 10 percent chance flow (i.e., 50 percent chance 

FIP >1 foot. and 10 percent chance FIP ≤1 foot). 
7
  Elevation above water surface of 10 percent chance flow (i.e., 10 percent chance FIP >1 foot). 
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Table 3-11.  Nonurban Floodplain Connectivity Percentages for Lower 
San Joaquin River and Tributaries 

Reach 

Floodplain Inundation Potential
2
 

67% Chance Sustained Spring
4
 50% Chance

5
 

Extent 
(Acres) 

Connectivity
6
 

(Percent) Extent 
(Acres) 

Connectivity
6
 

(Percent) 

Connected Disconnected Connected Disconnected 

San Joaquin River 

Merced River–Tuolumne 
River 

1,100 82 18 11,300 52 48 

Tuolumne River–
Stanislaus River 

300 68 32 4,000 40 60 

Stanislaus River–
Stockton 

4,200 9 91 9,300 11 89 

Tributaries 

Merced River 100 96 4 500 38 62 

Tuolumne River 200 85 15 1,000 49 51 

Stanislaus River <100 83 17 300 30 70 

Source: Data generated for this analysis by AECOM, 2011  

Notes: 
1
  Data are for a corridor extending 1 mile from each river bank of evaluated rivers; acreages are rounded to the nearest 100 acres 

and percentages are rounded to the nearest percent. 
2
  Based on potential hydrologic regime using categories described by Williams et al., 2009, as indicated by floodplain inundation 

potential (FIP) determined using technique of Dilts et al., 2010, and AECOM, 2011. Connectivity not modeled for areas with 10 
percent chance and > 10 percent chance FIP. 

3
  Elevation below or at water surface elevation of March 2008 base flow (i.e., LiDAR FIP ≤1 foot). 

4
  Elevation above water surface of base flow but at or below that of 67 percent chance spring flow sustained for at least 7 days (i.e., 

LiDAR FIP > 1 foot, and 67 percent chance Sustained Spring FIP ≤1 foot.); 67 percent chance Sustained Spring FIP corresponds 
to Frequently Activated Floodplain of Williams et al., 2009, and Salmonid FIP of EFM (used in pilot study).  

5
  Elevation above water surface of 67 percent chance spring flow sustained for at least 7 days but below that of 50 percent chance 

flow (i.e., 67 percent chance Sustained Spring FIP >1 foot. and 50 percent chance FIP ≤1 foot.).  
6
  Connected to or disconnected (“Discon.”) from river system during a 50 percent chance flow; i.e., modeled as inundated by flood 

flows under existing conditions). 
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Table 3-12.  Lower San Joaquin Valley Distribution of Nonurban 67 
Percent Chance Sustained Spring and 50 Percent Chance FIP by 
Connectivity, Land Use, and Conservation Status1 

Landscape Category 

Percentage of Evaluated Corridor by 
Reach

2
 

San Joaquin River Tributaries 
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Conserved-Riparian/Wetland 1 9 0 <1 <1 <1 

Conserved-Natural Upland 1 5 <1 <1 <1 <1 

Conserved-Agricultural 0 0 <1 0 0 0 

Not Conserved-Riparian/Wetland 7 3 2 1 2 1 

Not Conserved-Natural Upland 6 1 <1 <1 <1 <1 

Not Conserved-Agricultural 5 1 1 <1 <1 <1 

Connected Subtotal 21 20 4 2 3 1 

Disconnected
3
 

Conserved-Riparian/Wetland 1 3 0 0 <1 1 

Conserved-Natural Upland <1 2 <1 0 0 <1 

Conserved-Agricultural 0 5 <1 0 0 <1 

Not Conserved-Riparian/Wetland 1 3 1 <1 <1 <1 

Not Conserved-Natural Upland 1 2 1 <1 <1 <1 

Not Conserved-Agricultural 14 12 32 1 1 1 

Disconnected Subtotal 17 28 34 2 2 2 

Total 38 48 42 4 5 3 

Source: DFG 1997, DOC 2008, DWR 2010, and Data generated for this analysis by AECOM, 2011 

Notes: 
1
  Based on potential hydrologic regime using categories described by Williams et al., 2009, as indicated 

by floodplain inundation potential (FIP) determined using technique of Dilts et al., 2010, and AECOM, 
2011. 67 percent chance Sustained Spring FIP represents elevations above water surface of base flow 
(i.e., March 2008 flows; LiDAR FIP) but at or below that of 67 percent chance spring flow sustained for 
at least 7 days (i.e., LiDAR FIP > 1 foot, and 67 percent chance Sustained Spring FIP ≤1 foot.). 50 
percent chance FIP represents elevations above water surface of 50 percent chance flow but below 
that of 10 percent chance flow (i.e., 50 percent chance FIP >1 foot. and 10 percent chance FIP ≤1 
foot). 

2
  Data are for a corridor extending 1 mile from each river bank of evaluated rivers; percentages are 

rounded to the nearest percent. 
3
  Connected to or disconnected from river system during a 50 percent chance flow (i.e., modeled as 

inundated by flood flows under 2008 infrastructure and topography). 
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4.0 Floodplain Restoration 
Opportunities: Conclusions and 
Recommendations 

This chapter summarizes the relative extent of potential restoration 

opportunities identified along river reaches based on their physical 

suitability and existing land cover, and makes general recommendations for 

the future use of FROA results. 

4.1 Conclusions 

Restoration opportunities are widespread throughout the 2-mile-wide 

corridors evaluated along the Sacramento and San Joaquin river systems. 

Outside of urban areas, there are more than 320,000 acres of floodplain 

with a 67 percent chance Sustained Spring FIP or a 50 percent chance FIP 

under the existing flow regime of the Sacramento River system and the 

flow regime planned by the SJRRP for the San Joaquin River system. 

These floodplain areas (which have the potential for frequent inundation) 

are most limited along several of the major tributaries (e.g., the American, 

Merced, Tuolumne, and Stanislaus rivers), the upper San Joaquin River 

from Friant Dam to Gravelly Ford, and the lower Sacramento River 

downstream of the Delta Cross Channel. Floodplain with 67 percent chance 

Sustained Spring FIP or a 50 percent chance FIP accounts for less than 5 

percent of the evaluated corridors along these reaches. However, because 1 

percent of a 2-mile-wide corridor is comparable to corridors about 50 feet 

wide on each river bank, even these reaches have restoration opportunities 

(e.g., creation of Shaded Riverine Aquatic habitat) that could have 

systemwide benefits.  

Floodplain with the potential for frequent inundation is much more 

extensive along other river reaches, providing a greater variety of 

restoration opportunities. In particular, river reaches differ substantially in 

the extent of the following combinations of hydrologic connectivity to the 

river system, nonurban land use/land cover, and FIP that represent different 

types of restoration opportunities: 

 Floodplain hydrologically connected to the river, with riparian or 

wetland vegetation, and with a 67 percent chance Sustained Spring 

Flow or a 50 percent chance FIP 
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 Floodplain hydrologically connected to the river, without riparian or 

wetland vegetation, with a 67 percent chance Sustained Spring Flow or 

a 50 percent chance FIP 

 Floodplain hydrologically disconnected from the river with a 67 percent 

chance Sustained Spring Flow FIP 

 Floodplain hydrologically disconnected from the river with a 50 percent 

chance FIP 

Along all evaluated reaches of the Sacramento and San Joaquin river 

systems, each of these types of floodplain areas exist (Tables 4-1 and 4-2) 

and their restoration could provide ecologically important benefits. 

However, those reaches having the most extensive areas of each type 

probably represent greater and/or more feasible opportunities for large-

scale restoration of riverine and floodplain ecosystems. The types of 

restoration opportunities represented by these floodplain areas and their 

distribution among river reaches are described further below. Their 

distribution among river reaches is also displayed in Tables 4-1 and 4-2. 

Less than 40 percent of floodplain with a 67 percent chance Sustained 

Spring Flow or a 50 percent chance FIP remains hydrologically connected 

to the river system. Hydrologically connected floodplain is most extensive 

along the Sacramento River from Woodson Bridge to Colusa, the Feather 

River from Thermolito Afterbay to the junction with the Sacramento River, 

and the San Joaquin River from Bear Creek to the junction with the 

Stanislaus River. Hydrologically connected floodplain with a 67 percent 

chance Sustained Spring Flow or a 50 percent chance FIP accounts for 20 

percent to 53 percent of the 2-mile-wide corridor along these reaches. The 

majority of this floodplain has a 50 percent chance FIP and is not 

frequently inundated by sustained spring flows.  

Riparian and wetland vegetation covers only about a third (approximately 

34 percent) of the floodplain that has remained connected to the river 

system, including most connected floodplain with a 67 percent chance 

Sustained Spring Flow FIP. In many of these areas, channel migration 

processes have been impeded by revetment, which has reduced habitat 

values. Similarly, the installation of revetment has reduced the amount of 

Shaded Riverine Aquatic habitat, and habitat for other species (e.g., bank 

swallow). Thus, there is an opportunity to restore these areas by revetment 

removal. 
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Table 4-1.  Restoration Opportunities Along Sacramento River System 

Reach 

M
o
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d

 A
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a
1
 (

A
c
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) Restoration Opportunity
2
 

(Percent of Modeled Area) 

Notes 

Connected
3
 Disconnected

3
 

Total 
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 C
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S
S

 F
IP

2
,  

5
0
%

 C
h

a
n

c
e

 

F
IP

2
 

Sacramento River 

Woodson Bridge–Chico 
Landing 

26,792 11 14 0 4 28 
Extensive conserved land, bank 
swallow, yellow-billed cuckoo 

Chico Landing–Colusa 56,442 14 14 <1 39 68 Bank swallow, yellow-billed cuckoo 

Colusa–Verona 71,376 3 5 9 52 69 Bank swallow, yellow-billed cuckoo 

Verona–American River 24,732 2 1 22 51 77 Extensive infrastructure constraints 

American River–Freeport 16,969 1 1 12 8 22 
Extensive development and 
infrastructure 

Freeport–Delta Cross Channel 24,784 <1 1 28 4 33 Tidally influenced, in legal Delta 

Delta Cross Channel–Deep 
Water Ship Channel 

16,192 <1 1 2 1 3 Tidally influenced, in legal Delta 

Deep Water Ship Channel–
Collinsville 

14,641 1 2 <1 1 3 Tidally influenced, in legal Delta 

Feather River 

Thermalito Afterbay to Yuba 
River 

35,830 6 18 <1 10 33 
Historical and active gravel pits, fall-
run Chinook spawning and rearing, 
bank swallow, yellow-billed cuckoo 

Yuba River to Bear River 18,646 15 9 <1 53 78 Bank swallow 

Bear River to Sutter Bypass 5,828 13 19 <1 57 89 Bank swallow, yellow-billed cuckoo 

Sutter Bypass to Sacramento 
River 

8,643 6 47 5 35 93 Bank swallow 

Other Tributaries 

Yuba River 15,390 1 3 1 4 9 
Extensive disturbed area (Yuba Gold 
Fields) 

Bear River 14,612 3  7   
Fall-run Chinook spawning and 
rearing (intermittent) 

American River 26,489 3 2 <1 1 5 

Extensive development and 
infrastructure, extensive conserved 
land, bank swallow, fall-run Chinook 
spawning and rearing 

Source: Data generated for this analysis by AECOM in 2011 

Notes: 
1
  Data are for a corridor extending 1 mile from each river bank of evaluated rivers; acreages are rounded to the nearest 100 acres and 

percentages are rounded to the nearest percent. 
2
  For nonurban areas and based on potential hydrologic regime using categories described by Williams et al., 2009, as indicated by 

floodplain inundation potential (FIP) determined using technique of Dilts et al., 2010, and AECOM, 2011. 67 percent chance Sustained 
Spring (SS) FIP represents elevations above water surface of base flow (i.e., March 2008 flows; LiDAR FIP) but at or below that of 67 
percent chance spring flow sustained for at least 7 days (i.e., LiDAR FIP > 1 foot, and 67 percent chance Sustained Spring FIP ≤1 foot); 
67 percent chance Sustained Spring FIP corresponds to Frequently Activated Floodplain of Williams et al., 2009, and Salmonid FIP of 
pilot study. 50 percent chance FIP represents elevations above water surface of 50 percent chance flow but below that of 10 percent 
chance flow (i.e., 50 percent chance FIP >1 foot. and 10 percent chance FIP ≤1 foot). 

3
  During 50 percent chance event, simulated under 2008 topography and infrastructure. 
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Table 4-2.  Restoration Opportunities Along San Joaquin River System 
 

Reach 
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) Restoration Opportunity 
(Percent of Modeled Area) 

Notes 

Connected
3
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3
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San Joaquin River 

Friant Dam to SR 99 22,545 1 <1 <1 <1 1 

Extensive development and 
infrastructure, historical and active 
gravel pits, potential spawning habitat 
if salmon reintroduced 

SR 99 to Gravelly Ford 19,373 1 2 <1 <1 3  

Gravelly Ford to Chowchilla 
Bypass 

10,511 <1 5 10 24 40  

Chowchilla Bypass to 
Mendota Dam 

8,368 <1 11 16 9 36 
Mendota Pool – major infrastructure 

constraint 

Mendota Dam to Sack Dam 23,842 2 5 1 34 42 
Mendota Pool – major infrastructure 

constraint 

Sack Dam to Sand Slough 14,895 1 2 6 78 86  

Sand Slough to Mariposa 
Bypass 

19,180 1 12 18 8 39 
Carries only local drainage, until 
modified 

Mariposa Bypass to Bear 
Creek 

9,689 5 8 2 39 54 Extensive conserved land 

Bear Creek to Merced River 16,263 14 30 <1 8 52 Extensive conserved land 

Merced River to Tuolumne 
River 

32,861 8 13 1 17 38  

Tuolumne River to Stanislaus 
River 

9,052 12 8 1 27 48 
Riparian woodrat and riparian brush 
rabbit habitat, extensive conserved 
land 

Stanislaus River to Stockton 35,191 2 2 11 23 38 

Extensive development and 
infrastructure, riparian woodrat and 
riparian brush rabbit habitat, tidally 
influenced, in legal Delta 

Tributaries 

Merced River 18,782 1 1 <1 2 2  

Tuolumne River 25,666 2 1 <1 2 2 
Extensive development and 
infrastructure 

Stanislaus River 10,672 1 <1 <1 2 2 
Riparian woodrat and riparian brush 
rabbit habitat 

Source: Data generated for this analysis by AECOM, 2011 

Notes: 
1
  Data are for a corridor extending 1 mile from each river bank of evaluated rivers; acreages are rounded to the nearest 100 acres and 

percentages are rounded to the nearest percent. 
2
  For nonurban areas and based on potential hydrologic regime using categories described by Williams et al., 2009, as indicated by 

floodplain inundation potential (FIP) determined using technique of Dilts et al., 2010, and AECOM, 2011. 67 percent chance Sustained 
Spring FIP represents elevations above water surface of base flow (i.e., March 2008 flows; LiDAR FIP) but at or below that of 67 percent 
chance spring flow sustained for at least 7 days (i.e., LiDAR FIP > 1 foot, and 67 percent chance Sustained Spring FIP ≤1 foot.); 67 
percent chance Sustained Spring FIP corresponds to Frequently Activated Floodplain of Williams et al., 2009, and Salmonid FIP of pilot 
study. 50 percent chance FIP represents elevations above water surface of 50 percent chance flow but below that of 10 percent chance 
flow (i.e., 50 percent chance FIP >1 foot. and 10 percent chance FIP ≤1 foot). 

3
  During 50 percent chance event, simulated under 2008 topography and infrastructure. 
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In many areas of floodplain hydrologically connected to the river system 

and lacking riparian vegetation, riparian vegetation could be established 

through natural processes or plantings. However, the SPFC often has 

insufficient capacity to allow for the increased roughness (i.e., resistance to 

water flow) of additional riparian vegetation. Thus, there is an opportunity 

to facilitate future restoration of these areas by increasing the capacity of 

the SPFC to allow for the increased roughness of riparian vegetation. 

More than 60 percent of floodplain with a 67 percent chance Sustained 

Spring Flow or a 50 percent chance FIP is hydrologically disconnected 

from the river system by levees. Riparian and wetland vegetation cover 

only several percent of this disconnected floodplain. Also, less than 5 

percent of this disconnected floodplain is conserved along most reaches. 

Reconnecting these floodplains, particularly areas with a 67 percent chance 

Sustained Spring FIP, to the river system could provide higher quality 

habitat for salmonids, and other ecological functions. 

Disconnected areas with a 67 percent chance Sustained Spring Flow FIP 

are relatively extensive along the Sacramento River from Verona to the 

Delta Cross Channel, and along several reaches of the San Joaquin River: 

Gravelly Ford to Mendota Dam, Sand Slough to the Mariposa Bypass, and 

from the Stanislaus River to Stockton. However, major infrastructure 

constraints are also extensive along several of these reaches, in particular 

along the Sacramento River from Verona to Freeport. Thus, large-scale 

opportunities to restore these areas by setting back levees or otherwise 

reconnecting these areas to the river system are limited. 

Extensive areas of disconnected floodplain with a 50 percent chance FIP 

are more widespread along the Sacramento and San Joaquin river systems 

than areas with a 67 percent chance FIP. Floodplain with a 50 percent 

chance FIP are extensive along the Sacramento River from Chico Landing 

to the junction with the American River; the lower Feather River, 

particularly from the junction with the Yuba River to the junction with the 

Sacramento River; and much of the San Joaquin River from Gravelly Ford 

to Stockton. 

The feasibility, costs, and benefits of restoring any of these areas are 

strongly influenced by their relationship to CVFPP projects and policies, 

and by the content of the Central Valley Flood System Conservation 

Strategy (CVFSCS). Also, potential benefits differ qualitatively among 

reaches because sensitive species differ in their distribution. For example, 

reaches providing salmonid spawning habitat do not provide delta smelt 

habitat, and reaches providing riparian brush rabbit habitat may not provide 

bank swallow habitat. Consequently, the identification and prioritization of 

restoration opportunities are both part of the continuing development of the 
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overall CVFPP and of the development of species-focused conservation 

planning and corridor management strategies, as described in the 

Conservation Framework of the 2012 CVFPP. 

Based in part on the results of this FROA, DWR is identifying, prioritizing, 

and further developing specific restoration opportunities for these river 

reaches. Opportunities are being identified and prioritized on the basis of 

their potential ecological, flood management, and other benefits (e.g., 

reduced maintenance and regulatory compliance costs); cost; and 

regulatory, institutional, technological, and operational feasibility. 

4.2 Recommendations 

The following are recommendations for future use of the results of this 

analysis for development of CVFPP projects and the CVFSCS: 

 Consider FROA results during project planning as general indicators of 

potential ecosystem benefits. 

 Conduct additional stakeholder interviews to develop a more 

comprehensive compilation of stakeholder-identified projects. 

 Apply FROA results to evaluate the ecosystem effects of alternative 

actions. 

 Apply FROA results to CVFSCS development as a component of 

baseline ecosystem conditions together with a more comprehensive 

summary of riverine and riparian-associated species. 

 Use FROA results to identify and/or prioritize sites for preservation or 

restoration. 

 Integrate FROA results with mapping of SRA, revetment, and natural 

banks to more specifically consider reach-scale opportunities for 

restoring channel migration. 
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cfs .............................. cubic feet per second 

CNDDB ...................... California Natural Diversity Database 

Comprehensive Study  Sacramento and San Joaquin River Basins 
Comprehensive Study 

CVFED ...................... Central Valley Floodplain Evaluation and Delineation 

CVP ........................... Central Valley Project 

CVFPP ...................... Central Valley Flood Protection Plan 

CVFSCS .................... Central Valley Flood System Conservation Strategy 

Delta .......................... Sacramento-San Joaquin Delta 

DEM .......................... digital elevation model 

DFG ........................... California Department of Fish and Game 

DWR .......................... California Department of Water Resources 

EFR ........................... Ecosystem Function Relationship 

ESRI .......................... Environmental Systems Research Institute, Inc. 

FIP ............................. floodplain inundation potential 

FROA ........................ Floodplain Restoration Opportunity Analysis 

GIS ............................ geographic information system 

HAA ........................... Habitat Analysis Areas 

HAR ........................... Height Above River 

HEC-DSS .................. Hydrologic Engineering Center’s Data Storage 
System 

HEC-EFM .................. Hydrologic Engineering Center’s Ecosystem 
Functions Model 

HEC-GeoRAS ........... Hydrologic Engineering Center’s River Analysis 
System 

HEC-RAS .................. Hydrologic Engineering Center’s River Analysis 
System 

LiDAR ........................ Light Detection and Ranging 

MTL ........................... Mean Tidal Level 

MWH ......................... MWH Americas, Inc. 

NAVD88 .................... North American Vertical Datum 1988 
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NGVD29 .................... National Geodetic Vertical Datum of 1929 

NOAA ........................ National Oceanic and Atmospheric Administration 

RM ............................. River Miles 

SacEFT ...................... Sacramento River Ecological Flows Tool 

SJRRP ....................... San Joaquin River Restoration Program 

SPFC ......................... State Plan of Flood Control 

SR .............................. State Route 

SRA ........................... State Recreation Area 

UPID .......................... Union Pacific Interceptor Canal 

USACE ...................... U.S. Army Corps of Engineers 

USACE-HEC .............. U.S. Army Corps of Engineers Hydrologic 
Engineering Center 

USGS ........................ U.S. Geological Survey 

VELB ......................... Valley elderberry longhorn beetle 
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1.0 Overview 

This appendix provides the methods, results, and conclusions of two pilot 

studies conducted on the lower Feather River to evaluate the suitability of 

floodplain inundation potential (FIP) (also known as Height Above River 

(HAR)) (Dilts et al., 2010) and U.S. Army Corps of Engineers (USACE) 

Hydrologic Engineering Center’s Ecosystem Functions Model (HEC-EFM) 

analyses for use in the Floodplain Restoration Opportunity Analysis 

(FROA). Each pilot study is discussed in a separate section: 

 2.0, Floodplain Inundation Pilot Study 

 3.0, Hydrologic Engineering Center’s Ecosystem Functions Model Pilot 

Study 

The approach of the FROA was developed in part from the results and 

conclusions of these pilot studies. 
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2.0 Floodplain Inundation Pilot 
Study 

2.1 Overview 

This pilot study is a test of the proposed approach for the FROA displayed 

on Figure A-1. This approach uses readily available topographic and 

hydrologic data sets, and straightforward geographic information system 

(GIS) analyses to identify floodplains inundated under more frequent, 

ecologically valuable flow events (e.g., 50 and 10 percent chance events). 

The HAR tool (Dilts et al., 2010) was identified as a method that could 

potentially be adapted for use in this FIP analysis. GIS layers based on the 

results of this analysis would show floodplains that could be more readily 

reconnected to the river during specific flow events. The specific method of 

this approach is described in the following sections. 

 
Figure A-1.  Proposed Approach for CVFPP Floodplain Restoration 
Opportunity Analysis 
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For the purpose of this work, the “FIP method” is the term used to describe 

a series of GIS tools provided within the Riparian Topography Toolbox, as 

described by Dilts et al. (2010). These tools are distributed as the ArcGIS 

Riparian Topography Toolbox by Environmental Systems Research 

Institute, Inc. (ESRI) (ESRI, 2011). 

Through our review and application of the publically available tools in this 

toolbox, and with the use of unpublished tools provided by Mr. Dilts, we 

have established a series of steps that constitute the FIP method. These 

steps are described in the following sections: 

 2.2, Identify Pilot-Study Area 

 2.3, Compile and Review Data 

 2.4, Generate Stream Raster 

 2.5, Calculate Flooplain Inundation Potential 

 2.6, Calculate Flood Height 

 2.7, Calculate Inundation Area 

The Riparian Topography Toolbox tools were developed for application to 

actual river water surface conditions at the time of a Light Detection and 

Ranging (LiDAR) flight. Since an objective of this pilot study was to 

investigate the application of these tools to hypothetical flood conditions, 

other than observed water surface conditions, some deviations were made 

in the application of the tools; however, the Generate Stream Raster tool 

was common to all applications. 

Section 2.8 describes notes that data were modified to account for two 

locations in the pilot study area, two locations where levees had been set 

back after the March 2008 date of the LiDAR flight. Sections 2.9 through 

2.11 provide the height above river results, inundation area results, and the 

conclusions of this pilot study, respectively. 

2.2 Identify Pilot-Study Area 

An approximately 20-mile reach of the Feather River was selected for the 

pilot study from the confluence with the Sutter Bypass, upstream to Yuba 

City at River Station (RS) 27.75 (Figure A-2); the purple rectangle shown 

on Figure A-2 indicates the specific subreach to which the FIP method was 

applied. 
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2.3 Compile and Review Data 

The following data were compiled and reviewed in preparation for the 

application of the HAR tool to the pilot-study area. 

1. Terrain Data – Central Valley Floodplain Evaluation and Delineation 

(CVFED) preprocessed LiDAR and breakline data were obtained and 

processed into 25-foot digital elevation models (DEM). 

2. Water-Surface Profiles – The following water-surface profiles were 

used in the pilot study: 

a. March 2008 LiDAR water-surface profiles – The river water 

surfaces at the time of the LiDAR flight were used for initial 

investigations of the relationship of water levels to floodplain 

inundation. 

b. Ten- and 20-foot test profiles – Arbitrary heights of 10 and 20 feet 

above the LiDAR water surface were used initially to evaluate 

floodplain inundation areas from higher water levels; these heights 

were replaced by the Sacramento and San Joaquin River Basins 

Comprehensive Study (Comprehensive Study) (USACE and The 

Reclamation Board 2002) 50 and 10 percent chance water-surface 

profiles for further investigations. 

c. Comprehensive Study 50 and 20 percent chance event water-

surface profiles – Water-surface profiles for these two return period 

flood events were obtained by running the Comprehensive Study’s 

model derived from the USACE Hydrologic Engineering Center’s 

River Analysis System (HEC-RAS) for the pilot study river reach. 

d. Vertical datum conversion – Water surface elevations from the 

HEC-RAS models are in the older National Geodetic Vertical 

Datum of 1929 (NGVD29) vertical datum and were converted to 

the current North American Vertical Datum 1988 (NAVD88) 

vertical datum to match the vertical datum of the terrain data.  

Figure A-3 summarizes the spatial variation of the conversion 

factors in the Central Valley.  An average of the conversion factors 

along the pilot-study stream reach was estimated and this value of 

+2.335 feet was applied to the HEC-RAS NGVD29 elevations to 

estimate the NAVD88 elevations. 
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Figure A-2.  Lower Feather River Pilot-Study Area 
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The vertical datum conversion was cross-checked by identifying the 

latitude/longitude of the pilot-study reach and entering this into the 

National Geodetic Survey (NGS) on-line tool VERTCON (NGS, 2011) to 

perform the conversion, and the results were similar. 

ArcGIS Riparian Topography Toolbox – The Riparian Topography 

Toolbox for ArcGIS was downloaded from the ESRI Web site (ESRI, 

2011). The HAR tool is one of the tools contained within the Riparian 

Topography Toolbox and includes tools for calculating FIP, inundation 

area for a given FIP, and flood height. 

The FIP method requires the use of a DEM terrain surface. Two sources of 

DEMs were evaluated for use in the pilot study: (1) U.S. Geological Survey 

(USGS) 10-meter DEMs (USGS, 2010), and (2) CVFED preliminary 

DEMs (DWR, 2010b). 
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Figure A-3.  Central Valley NGVD29 to NAVD88 Vertical Datum 
Conversion (NAVD88 elevations are higher than NGVD29 elevations) 



 2.0 Floodplain Inundation Pilot Study 

January 2012 A2-7 

Public Draft 

USGS 10-meter DEMs (USGS, 2010) were obtained and evaluated for 

their appropriateness of use in the pilot study. Appendix D6-B provides the 

methods and results of a brief assessment of the data, which led to the 

decision not to use the USGS data because of the significant inaccuracies 

found in the delineation of project levees and ground elevations. 

New DEMs are being prepared as part of the CVFED program, though the 

final DEMs have not been completed. Available preliminary CVFED 

terrain data were obtained for the pilot-study area in October 2010, for use 

in preparing a DEM for the pilot-study area. The DEM preparation 

involved incorporating/building breaklines and filling in void areas found 

in these preliminary CVFED data. The LiDAR data had data voids where 

water and dense vegetation restricted the triangular irregular network (TIN) 

from triangulating, essentially leaving large gaps in the TIN. Points were 

created in those areas to help complete the TIN. 

A brief comparison was done to determine the level of effort and resulting 

data file sizes for the preparation of a DEM with a 5-, 25-, 50-, and 100-

foot grid cell resolution (Appendix D6-C).  Based on the results of this 

comparison, DWR decided to develop a 25-foot DEM using preprocessed 

CVFED data in the pilot-study area. The use of a 25-foot-resolution DEM 

was determined to provide a reasonable balance between the preparation 

time, resolution (usability), and file sizes with the intended level of detail 

for the final products from this planning-level exercise. 

2.4 Generate Stream Raster 

One of the first tasks required for the FIP analysis was the generation of the 

Stream Raster. This was previously accomplished through a series of steps 

using ArcHydro and Arc Map; however, a new unpublished tool “Derive 

Stream Raster” replaces the previous process and the tool was obtained 

from Mr. Dilts, the HAR author (Dilts, 2011). The Derive Stream Raster 

tool was located by navigating through the Topography Tools toolbox as 

follows: Topography Tools  Riparian Tools  Transverse  2_Derive 

Stream Raster. The following steps were taken to complete the generation 

of the stream raster using Derive Stream Raster, and the input menu is 

shown on Figure A-4: 
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Figure A-4.  Toolbox Folder Structure 

1. Input Elevation Raster – Enter the file location for the 25-foot 

DEM. 

2. Input Start Point and Input End Point – Create two new 

shapefiles, each consisting of one point named “Start Point” and the 

other “End Point.” In the Start Point shapefile, a point was placed at 

the start  (upstream limit) of the pilot-study stream reach of interest. 

In End Point shapefile, a point was placed at the end (downstream 

limit) of the pilot-study stream reach of interest. The DEM was 

used as a visual aid to locate these points along the centerline of the 

stream channel. 

3. Output Stream Raster – Assign name and location to place output 

stream raster grid cells (Figure A-5a). 

4. Output Stream Line – Assign shapefile location and filename for 

stream raster grids converted to polyline (Figure A-5b). 

2.5 Calculate Floodplain Inundation Potential 

The HAR tool was located by navigating through the Topography Tools 

toolbox as follows: Topography Tools  Riparian Tools  Transverse  

2_HAR  right-click  Edit. The HAR tool methodology is shown in a 

flow chart on Figure A-6, where blue ovals indicate data entry steps, the 

yellow boxes are tool processes, and the green ovals are outputs from 

processes. 
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Figure A-5.  Output Stream Raster (5a) and Output Stream Line (5b) 



2012 Central Valley Flood Protection Plan 
Attachment 9F: Floodplain Restoration Opportunity Analysis 
Appendix A. Floodplain Inundation and Ecosystem Functions Model Pilot Studies 

A2-10 January 2012 

 Public Draft 

 
Figure A-6.  HAR Tool Methodology 

The significant steps in the methodology (indicated by the yellow boxes) 

are described as follows in the order that they were accomplished during 

the pilot study: 

1. Stream Raster – Browse to the location of the output stream raster and 

input the file path. 

2. Elevation Raster – Browse to the location of the DEM and input the 

file path. The first raster used in this process was derived from the 

LiDAR terrain model. To investigate the conditions associated with the 

50 and 10 percent chance flood in the pilot-study reach, the initial 

LiDAR DEM was modified by adding the 50 and 10 percent chance 

water-surface profiles from the HEC-RAS model. This was done by 

extracting the LiDAR water surface elevations (WSEL) and inserting 

the HEC-RAS 50 and 10 percent chance WSELs, creating an artifically 

raised surface within the banks of the river channel. The remaining 

steps in this methodology remain the same and were applied three times 

to the LiDAR water-surface profile, and the 50 and 10 percent chance 

water-surface profiles. 

3. Search Radius – Enter search radius (in feet only). This is the radius 

that was applied to each point on the stream line created in the next step 

and establishes the spatial extent of the FIP analysis; during the pilot 

study, the search radius was increased from 5,280 feet to 7,000 feet 

after a preliminary review of the output indicated the initial radius 

length did not capture all of the levees adjacent to the stream reach. 
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4. Raster to Point – The HAR tool pulls the output stream raster and 

converts it to points and asssigns a new filename with file location 

assigned by user (Figure A-7). 

 
Figure A-7.  Raster to Point 

5. Extract Values to Points – The stream points (Step 4) and elevation 

raster (Step 2) are identifed, and the filename and file location assigned 

in Step 4 are assigned again by the user. Note that the HAR tool saves 

files to the last saved filepath and filename; thus, these default 

filenames and locations may need to be replaced with the correct 

values. 

6. Kernel Density – The HAR tools pulls stream points (Step 4), and the 

population field is set at “NONE.” The filename and file location 

assigned in Step 4 are assigned again by user. Output cell size 

(optional) was changed to “25” to match the DEM grid size (in feet). 

Search radius is pulled from Step 3 and area units was left as default 

“SQUARE_MAP_UNITS.” The output from this process is the stream 

point density. 
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7. Kernel Density 2 – The HAR tools pulls stream elevation points 

(Step 4), and the population field is set at “RASTERVALU,” which 

was manually entered into the population field. The filename and file 

location assigned in Step 4 are assigned again. Output cell size 

(optional) was changed to “25” to match the DEM grid size (in feet). 

Search radius was pulled from Step 3 and area units was left as default 

“SQUARE_MAP_UNITS.” The output from this process is the stream 

elevation density. 

8. Divide – The HAR tool pulls the stream elevation density file (Step 7) 

and point density file (Step 6) into the Input raster or constant value 1 

and 2, respectively, and divides the values of the two rasters on a cell-

by-cell basis. The output is the weighted average stream elevation. 

9. Minus – The HAR tool takes the elevation raster (Step 2) and the 

weighted average stream elevation (Step 8) and subtracts the value of the 

weighted average stream elevation from the elevation raster on a cell-by-

cell basis. The output is the HAR raster. A closeup of the HAR raster for 

the LiDAR water-surface profile is shown on Figure A-8a, with the HAR 

raster for the entire pilot-study reach shown on Figure A-8b. 

 
Figure A-8.  HAR Closeup (8a) and Pilot Study Reach (8b) 
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2.6 Calculate Flood Height 

A Calculate Flood Height tool is provided in the Riparian Topography 

Tools toolbox; however, in lieu of this approach, flood height was 

estimated by changing the symbology of the HAR raster. This method 

proved to be quicker, provided equivalent results, and involved the 

following steps: 

1. The HAR raster was brought into ArcMap. Pyramids were built when 

prompted to improve image quality. 

2. The HAR raster Properties were selected by right-clicking the HAR 

raster and clicking Properties. 

3. Layer Properties – The Symbology tab was selected and the Show 

entered “Classified” was choosen and Compute Histogram was 

activated by clicking Yes when prompted. 

4. Classification – The Natural Breaks (Jenks) – The Classify button was 

clicked to open the Classification menu box. User selects number of 

Breaks. 

5. Break Values – These values were set so the lowest value in the HAR 

raster was in the same Break Value range as the height of the flooding. 

No other values were changed because the flood height was the only 

value necessary. The OK button was selected when values were set. 

6. Layer Properties – Color Ramp – Symbol, Range, Label – The symbol 

for the range containing the lowest HAR raster value and the flood 

height value was changed to a color different from the rest of the 

ranges. 

2.7 Calculate Inundation Area 

The “Calculate Inundation Area” tool was located by navigating through 

the Riparian Topography Tools toolbox as follows: Riparian Topography 

Tools  Calculate Inundation Area right-click  edit. The “Calculate 

Inundation Area” tool methodology is shown in a flow chart on Figure A-9, 

where blue ovals indicate data entry steps, the yellow boxes are tool 

processes, and the green ovals are outputs from processes. The steps in the 

methodology are described as follows in the order that they were 

accomplished during the pilot study: 
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Figure A-9.  Calculate Inundation Area 

1. Height above River Raster – Browse to location of HAR raster and 

input file path. 

2. Input streams – Browse to location of stream raster and input file path. 

3. Expression (optional) – The value entered here is the height above the 

FIP water-surface profile, and it sets threshold elevation and code 

values either above or below this surface, with the cells below the FIP 

value directly connected to the river. Through trial and error we 

determined that the minimum value to enter here is 1.0 foot owing to 

the elevation variability imposed on the true water surface by the FIP 

method. 

4. Output flood zone – Assign raster location and filename for inundation 

area. 

2.8 Levee Realignment Methodology 

Within the Feather River pilot-study reach, the project team noted that 

there were two locations where levees had been set back after the March 

2008 date of the LiDAR flight. This resulted in a need to adjust the DEM 

terrain surface to show actual current topographic conditions. While the 

FIP output in this technical memorandum still shows the March 2008 levee 
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positions, a separate effort was made to determine a reasonable 

methodology to adjust levee locations for subsequent FIP analyses. This 

methodology is described in Appendix D6-D. 

2.9 Height Above River Results 

The LiDAR water-surface profile FIP results are shown on Figure A-10, 

together with an aerial photograph of the same location in the pilot study 

reach. Only heights above the river (water surface) are shown with 

increasingly lighter colors representing land areas higher above the water 

surface. 

 
Figure A-10.  LiDAR Water-Surface Profile FIP Output 

This initial FIP analysis used the actual WSEL at the time of the CVFED 

LiDAR flights to define the FIP. The CVFED LiDAR data was flown 

between March 17, 2008, and March 31, 2008, when the flow was 

approximately 660 to 670 cubic feet per second (cfs). 

The FIP output allows for a quick assessment of adjacent floodplain lands 

at or below the water surface of the river and above the water surface. In 

this particular location, the relative extent of low-lying lands west of the 

river is apparent (where the forested area is shown on the aerial 

photograph), and it is clear that this area is hydraulically connected only at 

the downstream end. 

Other low-lying land areas are east of the river, immediately landward of 

the east levee. However, it is noted that in this particular reach of the 

Feather River, levee setbacks have occurred since the LiDAR flight date, 
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and a portion of the levee locations shown on Figure A-10 are outdated. A 

technique was developed to realign levees on the DEM; this method was 

discussed in Section 2.2.8 and will be applied to levee sections where 

recent restoration projects have resulted in a change in levee alignments 

since the LiDAR flights in March 2008. 

The 50 percent chance water-surface profile (corresponding to a discharge 

of approximately 80,258 cfs) was added into the DEM and run through the 

HAR tool. The results shown on Figure A-11 now include depths below the 

50 percent chance water-surface profile, as well as above. Land elevations 

within +/-1 foot of the 50 percent chance water-surface profile are shown in 

the lightest shade of blue, with depths below this surface shown as 

increasingly darker shades of blue and heights above this surface shown in 

white. A +/- 1-foot height was used to approximate a given water surface 

for mapping purposes because the kernel density radius interpolation of 

elevation points at hydraulic model cross sections that was used to calculate 

the water surface resulted in an undulating surface (i.e., the interpolation 

routine between points of known elevation resulted in estimated elevations 

that varied within 1-foot of true values). The mapped area includes land 

area within a 7,000-foot search radius from the stream centerline, with blue 

shading indicating inundation areas connected to the river and gray shading 

indicating inundation areas disconnected from the river. 

At a glance, it is clear that much of the floodplain land area in this portion 

of the pilot-study reach is below the 50 percent chance water-surface 

profile, except for the upper portion of the reach, as shown on Figure A-11. 

Figure A-12 provides similar FIP output for the 10 percent chance water-

surface profile (corresponding to a discharge of approximately 159,912 

cfs). The color ramping of the depth increments below and of the height 

increments above the water surface and the scaling is consistent between 

the 50 and 10 percent chance FIP results, and it indicates that floodplain 

land area throughout the pilot-study reach is significantly below the 10 

percent chance water-surface profile, with the levees being the only land 

features above the water surface. 

2.10 Inundation Area Results 

The Calculate Inundation Area tool floods all raster cells below a user-

specified FIP and shows flooded land areas that are directly connected to 

the river. The connected and disconnected inundation areas for a portion of 

the pilot-study reach are shown on Figures A-11 and A-12.  The connected 

and disconnected inundation areas for the entire pilot-study reach for the 

LiDAR flight (March 17 to 31, 2008), the 50 percent chance, and 
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10 percent chance flood profiles are provided in Appendix D6-E. As 

expected, the inundation areas for the return period flood events are 

contained within the levees. 

 
Figure A-11.  50 Percent Chance Water-Surface Profile FIP Output 
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Figure A-12.  10 Percent Chance Water-Surface Profile FIP Output 

After a review of these figures, a question arose as to whether the 50 

percent chance flood would actually flood most of the land areas between 

the levees. The HEC-RAS modeling was reviewed to confirm the lateral 

extent of the 50 percent chance flood. Figure A-13 shows a representative 

cross section of the 50 percent chance flood stage at RS 19.00 on the 

Feather River, between the Yuba and Bear river confluences. The 50 

percent chance discharge is 80,258 cfs, and the associated 50 percent 

chance water surface elevation is 47.99 feet. The LiDAR-based water 

surface elevation at the same location is between 26 feet and 27 feet, or 

approximately 20 feet lower than the 50 percent chance flood stage. 
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Figure A-13.  Cross Section of 50 Percent Chance Flood Profile (RS 
19.00) 

While the right overbank area appears to be disconnected from the channel, 

based on the cross-section plot alone, it is possible that this overbank area 

is connected to the main channel upstream or downstream. Based on the 

results of the FIP mapping, areas were classified as either “connected” or 

“disconnected” to the main channel. Disconnected areas do not directly 

connect to the main channel. 

The spatial data on inundation depths for the 50 percent chance and 

10 percent chance flood events were summarized in a tabular format and 

are provided in Table A-1. Recognizing that the connected areas are 

constrained by the physical presence of levees and the disconnected areas 

are constrained between the levees and an imposed 7,000-foot search radius 

from the stream centerline, the relative change in inundation areas by depth 

was reviewed. For the 50 percent chance flood, the majority of the 

inundation area falls within the minus 2-foot to minus 9.9-foot depth 

classes and, as expected, the 10 percent chance inundation area falls within 

the deeper minus 5-foot to minus 19.9-foot depth classes.  Looking at the 

totals, the 10 percent chance flood only inundates 3,200 additional areas 

than the 50 percent chance flood, about a 7 percent increase. 
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Table A-1.  Areas of Inundation Depths at 50% and 10% Chance Flood 
Events 

Depth Range 

Areas of Inundation Depths at 50% and 10% Chance 
Flood Events (Acres) 

50% Chance 
Connected 

50% Chance 
Disconnected 

10% Chance 
Connected 

10% Chance 
Disconnected 

< - 20 feet 200 300 900 1,900 

- 15.0 to - 19.9 feet 400 1,100 1,400 7,800 

- 10.0 to - 14.9 feet 900 4,600 2,600 15,200 

- 5.0 to - 9.9 feet 2,200 13,100 2,600 6,400 

- 2.0 to - 4.9 feet 1,800 7,400 700 1,100 

- 1.0 to - 1.9 feet 600 1,800 100 200 

1 to - 0.9 foot 2,100 3,500 1,300 1,400 

Total 8,200 31,800 9,600 34,000 

2.11 Conclusions 

The FIP method is a relatively effective way to quickly and easily find 

features on the land surface that are either above or below a specified 

water-surface profile. 

The GIS spatial output from the FIP method can provide a benefit for the 

visualization of floodplain restoration opportunities for planning or 

reconnaissance-level investigations, including the following specific 

considerations: 

1. Color ramping of FIP output showing height increments both above the 

river (water surface) and below can provide a rapid visualization of the 

low-lying land areas physically connected to a river channel, or capable 

of being connected, and the relative depth of these topographic 

depressions. 

2. The relative depth of adjacent topographic depressions can also be 

referenced to qualitatively assess the level of effort (e.g., earthwork) 

necessary for setback levees and/or floodplain terracing as a floodplain 

restoration technique; for example, setback levees aligned across a 

topographic depression will require a greater amount of fill to maintain 

a certain levee crest elevation than if the levee was aligned around the 

topographic depression on higher ground. 

3. The Comprehensive Study HEC-RAS models are limited in extent, in 

that the model cross sections of the floodplain only extend between the 

levees (USACE and The Reclamation Board, 2002). The FIP output 
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provides estimates of flood profile elevations and flood depths beyond 

the levees, and this information can be used to guide qualitative 

investigations into potential levee setback locations. Although the FIP 

method is not a substitute for detailed hydraulic modeling, it does 

provide an ability to relatively quickly understand flood characteristics 

across the floodplain landscape. 

Mr. Dilts has recently begun to update his tools and has provided his 

unpublished versions for use on this pilot study. Because of this, the 

generation of the Stream Raster, which is a very important component to 

the FIP, is now automated and can be applied more quickly to future FIP 

investigations. 
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3.0 Hydrologic Engineering Center’s 
Ecosystem Functions Model 
Pilot Study 

This section summarizes the HEC-EFM pilot study in four sections: 

 3.1, Methods 

 3.2, Results and Sensitivity 

 3.3, Mapping 

 3.4, Conclusions 

3.1 Methods 

This section describes the methods and approaches used to perform the 

HEC-RAS/HEC-EFM  (RAS/EFM) analysis on the lower Feather River 

near Yuba City, California. As discussed, the goal of this study was to 

document the standard methods and approaches required for a RAS/EFM 

analysis and to identify potential issues, if any, and/or alternative 

approaches. The following tasks were conducted as part of the RAS/EFM 

analysis: 

 Selection of the pilot-study area 

 Data collection and review 

 Identification of Habitat Analysis Areas (HAA) 

 HEC-RAS modeling 

 HEC-EFM analysis 

The remainder of this section describes these tasks in more detail. 

3.1.1 Selection of the Pilot-Study Area 

The pilot study was conducted on a 21-mile reach of the lower Feather 

River, from the confluence with the Sutter Bypass, upstream to Yuba City 

at RS 27.75 (see Figure A-14). The area was chosen for the availability of 

data and the project team’s familiarity with the area. Within the study area, 

the lower Feather River maintains levees along both banks and receives 
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flow from the Yuba and Bear rivers. It also maintains inflows and outflows 

resulting from agricultural and groundwater sources. 

3.1.2 Data Collection and Review 

A steady-state, geo-referenced HEC-RAS model of the Feather River, from 

the confluence with the Sutter Bypass to the Thermalito Afterbay, and 

synthetic daily flow hydrographs from October 1, 1921, to September 30, 

2003, were provided to AECOM by MWH Americas, Inc. (MWH). 

The HEC-RAS model was developed by MWH based on the Feather River 

Sacramento-San Joaquin Comprehensive Study UNET hydraulic model 

(USACE and The Reclamation Board 2002). MWH converted the original 

Comprehensive Study UNET model to HEC-RAS, geo-referenced the 

model, and calibrated the model to low-flow conditions. The model files 

were provided via FTP on November 30, 2010. 

The Feather River synthetic daily flow hydrographs were developed by 

MWH from monthly flow hydrographs computed by the CalSim model. 

Hydrographs were provided by MWH via e-mail on December 8, 2010. 

Development methodology for the synthetic daily flow hydrographs was  
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Figure A-14.  Lower Feather River Pilot-Study Area 
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outlined in a draft document prepared by MWH, titled Feather River Daily 

Flows for HEC-EFM (2011). This document is currently being finalized by 

MWH and will be submitted to California Department of Water Resources 

(DWR) separately from this report. 

The following actions were performed during the review and application of 

the HEC-RAS model and synthetic daily flow hydrographs. 

1. The model was reviewed briefly to confirm its appropriateness for this 

study and to review the geo-referencing, reach lengths, and Manning’s 

n values. Detailed features or assumptions, such as the value of 

coefficients, the stations, and elevations of levees and ineffective flows 

areas, and other detailed aspects of the model were not reviewed. 

2. Areas of the model upstream from the Feather River and Yuba River 

confluence were removed and the upstream boundary was set to RS 

27.75. This was done to remove unnecessary complexities upstream 

from the study area. Figure A-15 shows an overview of the revised 

HEC-RAS model. 

3. An unsteady-state version of the model was developed, requiring the 

following actions: 

a. Modification of the model geometry 

An inline weir was added at RS 24.00 to improve model stability at 

the Shanghai Bend Falls, where a sudden change in the channel 

invert can produce super-critical and unstable conditions.  The 

model was adjusted from the original NGVD29 datum to match the 

terrain datum, NAVD88, by adding 2.335 feet (see AECOM’s 

Technical Memorandum (TM) – Height Above River Investigations 

(AECOM, 2011a)). The model geometry was not updated using the 

LiDAR-derived DEMs as described in the Scope of Sub-

Consultancy Services Subtask 3.3.1.d, “recut floodplain cross-

section data, combine with channel geometry.” This task was not 

performed because official DWR review of LiDAR-derived DEMs 

was not complete. 
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Figure A-15.  Revised HEC-RAS Model 
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b. Development of unsteady-state boundary conditions 

Unsteady-state boundary conditions were developed to simulate the 

synthetic period. The downstream boundary condition at RS 0.13 

was set to normal depth with a friction slope of 0.0002 (0.02 

percent). The upstream boundary condition at RS 27.75 was set to 

read the daily synthetic flow hydrograph provided by MWH at 

Yuba City. Inflows and outflows between Yuba City and the Sutter 

Bypass were applied based on the synthetic daily flow hydrographs 

provided by MWH. 

c. Review of synthetic hydrographs 

The hydrographs provided by MWH included synthetic daily-

average flows from October 1, 1921, to September 30, 2003, at 

locations along the Feather River.  The flows were developed from 

the CalSim State Water Project (SWP)/Central Valley Project 

(CVP) monthly simulation model. 

The flow in the Feather River is controlled by water operations at 

the upstream Oroville Reservoir.  Because of changes in Oroville 

operations to meet increasing demands both for water supply and 

environmental purposes, historical flows may not provide the best 

representation of future flows in the Feather River. 

The CalSim model is specifically designed to evaluate the 

operations of Oroville Reservoir, and the flows in the Feather River, 

under potential conditions assuming that the historical precipitation 

from October 1921 through September 2003 reoccurs.  The 

resulting flows may provide a better representation of expected 

future flows than historical flows. 

The synthetic daily average flows provided by MWH to observed 

daily average flows at USGS flow gages (see Table A-2) were 

compared to determine whether the synthetic flows provided 

reasonable values. Figures A-16 and A-17 compare daily averaged 

flows and resulting flow duration curves for the period of October 

1, 1969, through September 30, 1976, (Water Year (WY) 1970 

through WY 1976) at Nicolaus (see Figures E-1 through E-4 in 

Appendix D6-E for the Yuba City and Shanghai Bend locations). 

The selected period of record represents a time frame when the 

USGS gages were all in operation. 

The comparison illustrates that while the synthetic daily averaged 

flows often do not reproduce individual daily averaged flows, they 

do reproduce the various high- and low-flow events. This is 
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confirmed by the flow duration curves, which closely match the 

observed flow duration curves, although flows are consistently 

lower than observed. 

Table A-2.  USGS Gages Within the Pilot-Study Area 

USGS Gage No. Name Period of Record 

11407700 Feather River at Yuba City 10/01/1964–9/30/1976 

11421700 
Feather River below Shanghai Bend, near 
Olivehurst, California 

10/01/1969–9/30/1980 

11425000 Feather River near Nicolaus, California 10/01/1943–9/30/1983 

Source: Data downloaded by AECOM in 2011 from USGS, 2011 

Key: 
USGS = U.S. Geological Survey 

 
Figure A-16.  Synthetic vs. Observed Daily-Averaged Flow – Nicolaus 
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Figure A-17.  Synthetic vs. Observed Flow Duration Curve – Nicolaus 

d. Modification of synthetic hydrographs for HEC-RAS 

The synthetic daily flow hydrographs provided by MWH were 

modified to be used in the HEC-RAS unsteady-state model. Since 

each synthetic hydrograph corresponded to the entire channel flow 

and not the individual inflows and outflows from tributaries, 

groundwater, agriculture, or other sources, the hydrographs could 

not be applied directly to the model. 

Each Feather River flow hydrograph was subtracted from the 

upstream hydrograph to produce a hydrograph representing the net 

accretion (Feather River flow increase) or depletion (Feather River 

flow decrease) between Feather River flow hydrographs.  For 

example, to estimate the accretion or depletion between the 

upstream boundary of the model at Yuba City (RS 27.75) and the 

Yuba River confluence (RS 27.25), flows at Yuba City were 

subtracted from the flows at the Yuba River confluence. This 

provided a daily time series of the total net change in flow between 

Yuba City and the Yuba River confluence. In general, the majority 
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of this change can be attributed to the Yuba River, so the daily time 

series was applied as the Yuba River inflow hydrograph.  This 

process was repeated at the Bear River confluence (RS 12.25) and 

at Nicolaus (RS 9.75). 

Figure A-18 shows the synthetic daily flow at Yuba River and 

Nicolaus, as well as the hydrographs produced using the approach 

above. As shown, this process sometimes results in depletions (see 

time series “Net Change in Flow from Bear River to Nicolaus”). 

These depletions correspond to losses in flow between the Bear 

River and Nicolaus as a result of groundwater and agricultural 

withdrawals. HEC-RAS handles depletions by removing the flow 

from the system, which often causes instabilities for unsteady-state 

models. In this example, the model failed near Nicolaus when the 

depletions resulted in zero flow at the downstream end. Since the 

downstream boundary is based on normal depth, which is based in 

part on flow, the model failed to converge on a solution. To 

maintain positive flow at the downstream end, a constant flow of 

50 cfs was added at RS 9.50. While this introduces a fictitious flow 

to the system, it is relatively small and does not significantly impact 

modeled stages or flows. 

3.1.3 Identification of Habitat Analysis Areas 

The pilot-study area was subdivided into regions, defined as HAAs. For 

each HAA, a RAS/EFM analysis was performed and the results were 

mapped in GIS. Table A-3 and Figure A-19 show each HAA, their 

upstream and downstream bounding cross sections, and a single 

“representative” cross section. Defining HAAs is critically important to the 

RAS/EFM analysis because HAAs are viewed by HEC-EFM as 

maintaining homogenous hydraulic and ecological properties. For example, 

HEC-EFM assumes that the flow and stage relationship at RS 11.00 is the 

same for all cross sections between RS 9.75 and RS 12.00. HAAs were 

therefore subdivided where flow changes occur, where hydraulic structures 

control, or where the water surface slope was significant. HAAs were 

subdivided at the Yuba and Bear rivers, upstream from bridges, and at 

Shanghai Bend. 
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Figure A-18.  Revised Daily Flow Time Series Hydrographs 

Table A-3.  Habitat Analysis Areas 

Bounding 
Cross Sections 

Representative 
Cross Sections 

7.55–9.50 8.50 

9.75–12.00 11.00 

12.25–14.50 13.25 

14.75–16.75 15.75 

17.00–21.00 19.00 

21.25–23.75 22.50 

24.00–25.25 24.50 

25.50–27.00 26.25 

Source: Data generated by AECOM for this report in 2011 



 3.0 Hydrologic Engineering Center’s 
Ecosystem Functions Model Pilot Study 

January 2012 A3-11 

Public Draft 

 
Figure A-19.  Habitat Analysis Areas 
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3.1.4 HEC-RAS Modeling 

Once HAAs were identified, the HEC-RAS unsteady-state model was used to 

produce synthetic stage and flow hydrographs at each representative cross 

section. These hydrographs were stored in a HEC Data Storage System (HEC-

DSS) format database and used as input to HEC-EFM.  In addition, a series of 

steady-state flow profiles was simulated to produce rating curves at each 

representative cross section.  These rating curves were then used during the 

HEC-EFM modeling, as discussed in the following section. 

3.1.5 HEC-EFM Modeling 

The HEC-EFM portion of the RAS/EFM analysis consisted of analyzing 

synthetic stage and flow hydrographs produced by HEC-RAS to determine if 

and when HEC-EFM Ecosystem Function Relationship (EFR) conditions were 

met. These conditions, defined by the user, include seasonality, duration, rate of 

change, and/or return frequency as a function of stage and flow. 

Using the stage and flow hydrographs developed by the HEC-RAS unsteady-

state model, a HEC-EFM “flow regime” was created for each HAA. These flow 

regimes identify the flow and stage hydrographs that correspond to each HAA. 

EFRs were obtained from Table 3 in the September 2010 draft of 2012 Central 

Valley Flood Protection Plan—Ecosystem Functions Model (AECOM, 2010b). 

A summary of each EFR, directly from the above report, is provided in Table 

A-4. The EFRs used in this study included Salmonid-Rearing Habitat 

Formation, riparian Cottonwood Seedling Germination, riparian Cottonwood 

Seedling Inundation (death), and riparian Cottonwood Recruitment. Each EFR 

was added to HEC-EFM and is shown on Figures F-1 through F-4 in Appendix 

D-9F. 

HEC-EFM was then used to analyze each EFR and HAA. HEC-EFM first 

performs a statistical analysis on each stage and flow hydrograph for each 

EFR to determine if and when conditions of the EFRs are met. During this 

analysis, HEC-EFM produces a stage-flow rating curve for each flow 

regime based on a statistical sampling of the stage and flow hydrographs. If 

conditions of the EFR are met, the flow or stage that meets the conditions is 

then used in conjunction with the rating curve to determine the 

corresponding flow or stage. 
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Table A-4.  Summary of Ecosystem Functional Relationships 

Ecological 
Process 

Summary of Ecosystem Functional Relationship 

Flow Parameters 

Season Duration 
Rate of 
Change 

Event 
Probability 

Riparian 
Habitat 
Recruitment 

Seedling germination of cottonwood and other early-seral riparian 
vegetation requires moist soil from April through early June for at 
least 2 weeks. The river stages must decline at a rate of not more 
than 1 inch per day to allow newly developing roots to extend with 
receding river stages. Germination events should occur every 10 
years to permit regeneration of new habitat patches. 

April 1 to  
June 15 

2 weeks or 
more 

1 inch or less 
on receding 
limb of 
hydrograph 

10 percent 
chance 
recurrence 
interval 

Newly germinated cottonwood seedlings are susceptible to death 
from physiological stress if inundated for prolonged periods of 2 
weeks or more following germination. 

June 15 to 
October 30 

2 weeks or 
more 

Constant 

10 percent 
chance 
recurrence 
interval 

Successful cottonwood recruitment has been documented to 
occur within specific elevation bands above summer base flow 
levels. 

June 15 to 
October 30 

Constant 
during time 
period 

Constant 

100 percent 
chance 
(annual 
recurrence) 

Salmonid-
Rearing 
Habitat 

Shallow-water, seasonally inundated floodplains provide valuable 
rearing habitat for Chinook salmon and steelhead. Ecologically 
important floodplain inundation is defined as the river stage that is 
exceeded in at least 2 out of 3 years and sustained for at least 7 
days from March 15 to May 15. 

March 15 to  
May 15 

1 week or 
more 

Constant 
66 percent 
chance 

Source: Data summarized by AECOM in 2011b from USACE, 2002 and ESSA, 2009 

 

 



2012 Central Valley Flood Protection Plan 
Attachment 9F: Floodplain Restoration Opportunity Analysis 
Appendix A. Floodplain Inundation and Ecosystem Functions Model Pilot Studies 

A3-14 January 2012 

 Public Draft 

An issue was identified during the RAS/EFM analysis that resulted in 

erroneous stages being produced by HEC-EFM. As discussed, HEC-EFM 

uses flow and stage hydrographs from HEC-RAS to identify whether the 

conditions of a given EFR are met. During this process, HEC-EFM 

develops a rating curve based on the flow and stage hydrograph. If the 

conditions of the EFR are met, HEC-EFM identifies the corresponding 

flow or stage and uses the rating curve to determine the complementary 

flow or stage. While HEC-EFM applies a robust statistical analysis in an 

attempt to produce a smooth, representative rating curve, for some HAAs 

the rating curve included erroneous stage values. In some cases, these 

values were several feet higher than expected, and for Cottonwood 

Seedling Germination resulted in significant error. 

Figure A-20 shows three different rating curves for RS 11.00. The curve 

shown in red was produced by HEC-EFM, the curve in gray was produced 

by the HEC-RAS unsteady-state model, and the curve in blue was 

produced using HEC-RAS steady state as discussed. As shown, the HEC-

EFM rating curve includes erroneous stages at several flow rates. As a 

result of these erroneous stages, HEC-EFM selects values that are not 

representative of actual conditions. Figure A-21 shows the same rating 

curves for flow rates up to 15,000 cfs and includes the results of the HEC-

EFM analyses for HAA 11.00.  This results from the significant amount of 

hysteresis that occurs at RS 11.00 during the continuous synthetic 

simulation. Hysteresis is a hydraulic condition in which multiple stages can 

correspond to a single flow. In general, this occurs when downstream 

conditions produce backwater that increases the stage during low flows, 

either because of tidal conditions, a hydraulic structure, or high-flow 

conditions on a main-steam reach.  Within the pilot-study area, hysteresis 

occurs because (1) the water surface slope is relatively mild at RS 11.00, 

and (2) the downstream boundary condition is set to normal depth, which 

allows for a wide range of backwater conditions. The amount of hysteresis 

is reduced upstream where downstream conditions have minimal impact on 

stages and where the water surface slope is greater.  To address this issue, a 

HEC-RAS steady-state profile was simulated for flow rates between 

100 cfs and 140,000 cfs at 1,000 cfs intervals. This simulation produced the 

rating curves shown in blue on Figures A-20 and A-21. As demonstrated, 

this curve matches well with both the HEC-RAS unsteady state and HEC-

EFM-derived rating curves. The steady-state rating curve was then used to 

override the HEC-EFM-derived rating curve. 
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3.2 Results and Sensitivity 

The results of the HEC-EFM analyses are discussed in the following 

sections.  HEC-EFM was initially run using the Sacramento River 

Ecological Flows Tool (SacEFT)-defined EFRs, which were previously 

developed for the Sacramento River.  To determine whether changes in 

these EFRs would result in significant changes in the potential habitat area 

on the lower Feather River pilot-study area, the Cottonwood Seedling 

Germination and Salmonid Rearing Habitat EFRs were modified.  Results 

for each EFR analyzed are included below. 

 
Figure A-20.  Comparison of Rating Curves – RS 11.00 
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Figure A-21.  Comparison of Rating Curves Showing HEC-EFM 
Results – RS 11.00 

3.2.1 SacEFT-Defined EFRs 

The results of the HEC-EFM analyses using the SacEFT-defined EFRs are 

shown in Tables A-5 through A-7. HEC-EFM provides a single flow and 

stage for each EFR and HAA, if conditions of the EFR are met. The 

computer processing time required to perform all 32 analyses was 

approximately 15 minutes. 
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Table A-5.  HEC-EFM Results – RS 26.25–RS 22.50 

Ecosystem 
Function Relationship 

RS 26.25 RS 24.50 RS 22.50 

Stage 
(feet) 

Flow 
(cfs) 

Stage 
(feet) 

Flow 
(cfs) 

Stage 
(feet) 

Flow 
(cfs) 

Cottonwood Seedling 
Germination 

40.6 8,802 40.1 10,710 31.3 5,774 

Cottonwood Seedling 
Inundation 

41.8 11,952 40.5 11,953 34.8 11,954 

Cottonwood Recruitment 37.7 3,044 37.4 3,029 29.2 3,011 

Salmonid Rearing Habitat 38.4 4,142 37.9 4,150 30.2 4,159 

Source: Data provided by AECOM in 2011 based on modeling using the U.S. Army Corps of Engineers Hydrologic 
Engineering Center’s Ecosystem Functions Model and River Analysis System  

Notes: 
cfs = cubic feet per second 

RS = River Station 

Table A-6.  HEC-EFM Results—RS 19.00–RS 13.25 

Ecosystem 
Function Relationship 

RS 19.00 RS 15.75 RS 13.25 

Stage 
(feet) 

Flow 
(cfs) 

Stage 
(feet) 

Flow 
(cfs) 

Stage 
(feet) 

Flow 
(cfs) 

Cottonwood Seedling 
Germination 

29.9 6,959 28.8 7,845 27.7 7,845 

Cottonwood Seedling 
Inundation 

32.4 11,962 30.6 11,965 29.0 11,965 

Cottonwood Recruitment 27.2 3,015 26.1 3,044 24.9 3,044 

Salmonid Rearing Habitat 28.1 4,181 26.9 4,187 25.6 4,181 

Source: Data provided by AECOM in 2011 based on modeling using the U.S. Army Corps of Engineers Hydrologic 
Engineering Center’s Ecosystem Functions Model and River Analysis System  

Notes: 
cfs = cubic feet per second 

RS = River Station 
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Table A-7.  HEC-EFM Results—RS 11.00–RS 8.50 

Ecosystem 
Function Relationship 

RS 11.00 RS 8.50 

Stage 
(feet) 

Flow 
(cfs) 

Stage 
(feet) 

Flow 
(cfs) 

Cottonwood Seedling Germination 25.3 8,198 23.1 7,635 

Cottonwood Seedling Inundation 27.1 11,987 25.6 12,316 

Cottonwood Recruitment 22.9 3,015 19.1 2,567 

Salmonid Rearing Habitat 23.8 4,942 21.8 5,684 

Source: Data provided by AECOM in 2011 based on modeling using the U.S. Army Corps of Engineers 
Hydrologic Engineering Center’s Ecosystem Functions Model and River Analysis System  

Notes: 
cfs = cubic feet per second 

RS = River Station 

3.2.2 Modified EFRs 

The Cottonwood Seedling Germination and Salmonid Rearing Habitat 

Formation EFRs were modified to determine whether adjustments to the 

EFRs would result in significant changes in potential habitat area. 

The Cottonwood Seedling Germination EFR Rate of Change of Stage 

(falling stage) statistical parameter was modified from the SacEFT-defined 

1 inch per day to 2 inches per day and 3 inches per day.  Also considered 

was a 1-inch-per-day Rate of Change of Stage from March to July, as 

opposed to the April to June 15 Sac-EFT-defined values.  Lastly, the Rate 

of Change of Stage parameter was removed and instead germination was 

analyzed based on the 14-day minimum/maximum parameter (similar to 

the Cottonwood Seedling Inundation). Tables A-8 through A-10 show the 

results of these changes. 

Table A-8.  Cottonwood Seedling Germination Sensitivity – RS 26.25–
RS 22.50 

Ecosystem 
Function Relationship 

RS 26.25 RS 24.50 RS 22.50 

Stage 
(feet) 

Flow 
(cfs) 

Stage 
(feet) 

Flow 
(cfs) 

Stage 
(feet) 

Flow 
(cfs) 

1 inch per day 40.6 8,802 40.1 10,710 31.3 5,774 

2 inches per day 42.7 14,242 41.3 15,182 35.0 12,395 

3 inches per day 42.1 12,587 40.9 13,504 34.3 10,861 

March - July 40.4 8,411 40.2 10,909 31.9 6,634 

14-day 
Minimum/Maximum  
(no Rate of Change) 

44.5 19,757 42.4 19,759 38.1 19,760 

Source: Data provided by AECOM in 2011 based on modeling using the U.S. Army Corps of Engineers 
Hydrologic Engineering Center’s Ecosystem Functions Model and River Analysis System  
Notes: 
cfs = cubic feet per second 
RS = River Station 
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Table A-9.  Cottonwood Seedling Germination Sensitivity – RS 19.00–
RS 13.25 

Ecosystem 
Function Relationship 

RS 19.00 RS 15.75 RS 13.25 

Stage 
(feet) 

Flow 
(cfs) 

Stage 
(feet) 

Flow 
(cfs) 

Stage 
(feet) 

Flow 
(cfs) 

1 inch per day 29.9 6,959 28.8 7,845 27.7 7,845 

2 inches per day 33.1 13,680 31.6 14,361 29.9 14,394 

3 inches per day 31.9 10,922 30.2 10,972 28.8 11,598 

March - July 30.1 7,407 28.7 7,681 27.5 8,489 

14-day 
Minimum/Maximum 
(no Rate of Change) 

35.5 19,763 33.5 19,764 31.7 19,763 

Source: Data provided by AECOM in 2011 based on modeling using the U.S. Army Corps of Engineers 
Hydrologic Engineering Center’s Ecosystem Functions Model and River Analysis System  

Notes: 
cfs = cubic feet per second 
RS = River Station 

Table A-10.  Cottonwood Seedling Germination Sensitivity – RS 
11.00–RS 8.50 

Ecosystem 
Function Relationship 

RS 11.00 RS 8.50 

Stage 
(feet) 

Flow 
(cfs) 

Stage 
(feet) 

Flow 
(cfs) 

1 inch per day 25.3 8,198 23.1 7,635 

2 inches per day 28.4 15,074 27.0 15,429 

3 inches per day 26.9 11,562 25.1 11,343 

March - July 25.6 8,830 23.1 7,756 

14-day Minimum/Maximum  

(no Rate of Change) 
30.8 21,427 30.6 24,908 

Source: Data provided by AECOM in 2011 based on modeling using the U.S. Army Corps of Engineers 
Hydrologic Engineering Center’s Ecosystem Functions Model and River Analysis System  

Notes 
cfs = cubic feet per second 
RS = River Station 
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The following can be concluded: 

1. There appears to be an “optimum” Rate of Change of Stage value 

that corresponds to a maximum flow and stage and thus maximum 

potential habitat area. 

If this optimum Rate of Change of Stage value is considered 

ecologically “acceptable” (i.e., it still provides viable habitat given the 

greater rate of change) then it could be used to map the maximum 

potential habitat area. 

2. Extending the analysis period did not significantly impact flows or 

stages. 

While extending the analysis period did not impact flows or changes on 

the lower Feather River, results may vary depending on the operational 

characteristics of upstream controls (e.g., dams) and therefore may vary 

depending on the stream reach. 

3. Using a 14-day minimum/maximum query, as opposed to the Rate 

of Change of Stage, significantly increased flow and stage, resulting 

in greater potential habitat area. 

Consideration should be given as to the importance of the Rate of 

Change of Stage query since it significantly reduces the flow and stage 

and thus potential habitat area. 

4. When assuming a 2-inch rate of change of stage or when removing 

the rate of change of stage criteria and using a 14-day 

minimum/maximum criteria, Cottonwood Seedling Germination 

produces higher flows and stages than Cottonwood Seedling 

Inundation. 

This suggests that successful Cottonwood recruitment may be possible 

under alternative EFR criteria. It should be noted, however, that 

Cottonwood Seedling Germination and Inundation are not dynamically 

linked with HEC-EFM and that any conclusions regarding recruitment 

success must be considered with this in mind. 

The Salmonid Rearing Habitat Formation EFR was modified from the 

SacEFT-defined March through May, 7-day minimum/maximum and 67 

percent chance frequency criteria to analyze various frequencies, including 

50, 33, 20, and 10 percent chance, a 14-day duration and no duration 

criteria, and a 7-day duration from March through July. Tables A-11 

through A-13 show the results of these changes. 
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The following can be concluded: 

1. Flow and stage increase linearly with frequency. 

As expected, lower frequency criteria resulted in greater flow and stage.  

Figure A-22 shows the corresponding area for each 7-day duration 

frequency within HAA 11.00.  Although the 10 percent chance 

frequency produces the greatest area (note: the 10 percent chance area 

includes all areas mapped under the 20 percent chance area, the 

20 percent chance area includes all areas mapped under the 33 percent 

chance area, etc.), much of the area may not correspond to ideal 

salmonid habitat, given that successful salmonid habitat does not rely as 

heavily on widespread floodplain inundation but rather habitat located 

within side channels and along river banks. 

2. Extending the period of the analysis to include June and July 

significantly increases the flow by 2 to 3 times. 

Unlike Cottonwood Seedling Germination, increasing the period of 

analysis results in greater potential habitat area.  If June and July were 

considered ecologically “acceptable” periods for salmonid rearing, the 

period of analysis could be extended to increase the potential habitat 

area. 

3. Removing the duration criteria increased the flow and stage 

minimally, while assuming 14-day duration versus 7-day duration 

minimally decreased the flow and stage. 

Adjusting the duration of the event did not significantly impact flows, 

stages, or potential habitat area. 
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Table A-11.  Salmonid Rearing Habitat Sensitivity – RS 26.25–RS 
22.50 

Ecosystem 
Function Relationship 

RS 26.25 RS 24.50 RS 22.50 

Stage 
(feet) 

Flow 
(cfs) 

Stage 
(feet) 

Flow 
(cfs) 

Stage 
(feet) 

Flow 
(cfs) 

67% chance, 7-day duration 38.4 4,142 37.9 4,150 30.2 4,159 

50% chance, 7-day duration 39.4 6,231 38.7 6,231 31.7 6,231 

33% chance, 7-day duration 41.4 10,901 40.2 10,904 34.3 10,916 

20% chance, 7-day duration 43.2 15,673 41.4 15,684 36.5 15,693 

10% chance, 7-day duration 47.1 28,466 44.8 28,465 41.1 28,462 

67% chance, 7-day duration 

March-July 
41.6 11,265 40.3 11,232 34.4 11,200 

67% chance; no duration 39.1 5,661 38.5 5,659 31.3 5,657 

67% chance; 14-day duration 38.1 3,733 37.7 3,734 29.8 3,735 

Source: Data provided by AECOM in 2011 based on modeling using the U.S. Army Corps of Engineers 
Hydrologic Engineering Center’s Ecosystem Functions Model and River Analysis System 

Notes: 
cfs = cubic feet per second 
RS = River Station 

Table A-12.  Salmonid Rearing Habitat Sensitivity – RS 19.00–RS 
13.25 

Ecosystem 
Function Relationship 

RS 19.00 RS 15.75 RS 13.25 

Stage 
(feet) 

Flow 
(cfs) 

Stage 
(feet) 

Flow 
(cfs) 

Stage 
(feet) 

Flow 
(cfs) 

67% chance, 7-day duration 28.1 4,181 26.9 4,187 25.6 4,181 

50% chance, 7-day duration 29.4 6,229 28.0 6,226 26.5 6,219 

33% chance, 7-day duration 31.9 10,916 30.2 10,923 28.5 10,931 

20% chance, 7-day duration 34.0 15,715 32.1 15,734 30.4 15,756 

10% chance, 7-day duration 38.5 28,452 36.2 28,446 24.5 28,445 

67% chance, 7-day duration 
March-July 

32.0 11,121 30.2 11,060 28.5 11,031 

67% chance; no duration 29.1 5,699 27.7 5,619 26.2 5,582 

67% chance; 14-day duration 27.8 3,737 26.6 3,748 25.3 3,758 

Source: Data provided by AECOM in 2011 based on modeling using the U.S. Army Corps of Engineers 
Hydrologic Engineering Center’s Ecosystem Functions Model and River Analysis System 

Notes: 
cfs = cubic feet per second 
RS = River Station 
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Table A-13.  Salmonid Rearing Habitat Sensitivity – RS 11.00–RS 8.50 

Ecosystem 
Function Relationship 

RS 11.00 RS 8.50 

Stage 
(feet) 

Flow 
(cfs) 

Stage 
(feet) 

Flow 
(cfs) 

67% chance, 7-day Duration 23.8 4,942 21.8 5,684 

50% chance, 7-day Duration 25.0 7,536 24.3 9,762 

33% chance, 7-day Duration 27.0 11,832 27.1 15,760 

20% chance, 7-day Duration 29.1 16,800 29.3 21,232 

10% chance, 7-day Duration 34.4 32,453 34.7 38,506 

67% chance, 7-day Duration 
March-July 

26.7 11,175 24.7 10,592 

67% chance; No Duration 24.7 6,706 23.0 7,443 

67% chance; 14-day Duration 23.4 3,999 21.4 5,079 

Source: Data provided by AECOM in 2011 based on modeling using the U.S. Army Corps of Engineers 
Hydrologic Engineering Center’s Ecosystem Functions Model and River Analysis System 

Notes: 
cfs = cubic feet per second 
RS = River Station 

3.3 Mapping 

This section includes the results of the HEC-EFM analysis and the use of 

various mapping approaches to spatially visualize the HEC-EFM results. It 

also includes a discussion of how the spatial results can be further refined 

and reviewed to identify potential alternatives and how the final results can 

be presented. 

3.3.1 Mapping Approaches 

While HEC-EFM provides a stage and flow that meets the conditions of a 

given EFR, additional efforts are required to visualize the spatial area along 

the river that meets those conditions. Three approaches to mapping the 

results of HEC-EFM are presented in the following sections. 

HEC-GeoRAS 

The HEC-EFM results discussed above were mapped using HEC-RAS and 

the GIS extension to HEC’s River Analysis System (HEC-GeoRAS), as 

recommended in the USACE-HEC HEC-EFM Quick Start Guide 

(USACE-HEC, 2009 (see Figure A-23)). This approach uses the flow rates 

determined by HEC-EFM but disregards the stages determined by HEC-

EFM. 
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Figure A-22.  Salmonid Rearing Habitat for Various Frequency Events in HAA 
11.00 

67% chance 

50% chance 

33% chance 

20% chance 

10% chance 
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Figure A-23.  Salmonid-Rearing Habitat Areas Mapped Using HEC-GeoRAS in HAA 
11.00 
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The flow rates determined by HEC-EFM at each representative cross 

section were used as input for the HEC-RAS steady-state model. HEC-

RAS was then used to compute the water-surface profiles for each HAA 

that corresponded to the flow determined by HEC-EFM. The entire pilot-

study area HEC-RAS model was used to analyze each HAA (i.e., the model 

was not truncated to each HAA). This was done to maintain proper 

upstream and downstream boundary conditions and because truncating the 

model to each HAA would not necessarily reduce and could likely increase 

the level of effort. 

The water-surface profile for each HAA and EFR were then mapped using 

the HEC-GeoRAS tool within ArcGIS. The water surface areas correspond 

to areas that meet the EFR conditions, as determined by HEC-EFM and 

HEC-RAS. It took approximately 10 minutes of processing time to run the 

HEC-GeoRAS tool for a single HAA and EFR. Each water surface area 

polygon was then clipped to its respective HAA. It should be noted that the 

inundation depth grid, a product of HEC-GeoRAS that is used in the HEC-

EFM manual to show the extent of potential habitat, is not shown. The 

depth grid was not shown because the water surface area polygon is 

simpler for readers to identify with and is easier to work with in ArcGIS. 

Results are shown on Figures G-1 through G-11 in Appendix D-6G for 

each HAA and EFR (Cottonwood Recruitment was not mapped because 

potential habitat areas outside of the channel banks were not identified). 

The background of each map corresponds to the LiDAR-based FIP. 

The following are important findings of this approach: 

1. The water surface areas mapped are the direct, raw product of the 

RAS/EFM analysis. 

Areas have not been refined based on additional ecological or 

biological considerations, such as soil type, vegetation type, bank slope, 

connectivity, or land use. 

2. HEC-RAS and HEC-GeoRAS cannot map areas beyond the HEC-

RAS model cross sections. 

As a result, areas beyond existing levees are not mapped.  Cross 

sections would need to be extended beyond the levees to map areas 

outside the existing levee system. 

3. EFRs that produce stages below the LiDAR observed water surface 

are not mapped by HEC-GeoRAS. 

When EFR stages are below the LiDAR-observed water surface, water 

surface area does exist; however, the area is simply below the LiDAR-
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observed water surface.  To resolve this issue, bathymetry would need 

to be combined with the LiDAR terrain. 

Height Above River 

Although HEC-GeoRAS is a proven and reliable method for mapping 

HEC-RAS results, its limitation of mapping within cross-section extents 

makes it difficult to determine the potential for habitat beyond the existing 

levee system. Its inability to map below the LiDAR-observed water surface 

also reduces the value for mapping within channel banks.  Thus, an 

alternative approach was reviewed using the FIP methodology. 

After reviewing and testing the FIP approach as well as the HEC-GeoRAS 

and ArcGIS approaches, the FIP approach was selected as the preferred 

mapping approach. 

Similar to the approach discussed above, HEC-RAS was used to simulate 

the water-surface profile for each HAA based on the flows determined by 

HEC-EFM. The results were exported to GIS, and HEC-GeoRAS was used 

to develop cross-section cut-lines with water surface elevations for each 

HAA and EFR. ArcGIS was then used to perform FIP analyses for each 

HAA and EFR. Figure A-24 shows an example of the Cottonwood 

Seedling Germination habitat area identified using the HEC-GeoRAS 

approach versus the FIP approach from RS 9.75 through RS 12.00 (HAA 

11.00). 

The following are important findings of this approach: 

1. The FIP analysis is capable of mapping the RAS/EFM analysis 

results within the entire FIP study area. 

Mapping was not limited to the cross-section extents and provides 

mapping beyond the existing levee system. 

2. The FIP analysis replaces the LiDAR-observed water surface with 

the water-surface profiles computed by HEC-RAS, based on 

predefined bank breaklines. 

As a result, the entire channel, from bank to bank, is shown as meeting 

the RAS/EFM analysis EFR criteria.  This may overestimate the area of 

potential habitat within the channel. To resolve this issue, bathymetry 

would need to be combined with the LiDAR terrain. 

3. The water surface areas mapped are the direct, raw product of the 

RAS/ EFM analysis. 

Areas have not been refined based on additional ecological or 

biological considerations, such as soil type, vegetation type, bank slope, 

connectivity, or land use. 
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ArcGIS 

The approaches discussed above use HEC-RAS to determine the water-

surface profile within each HAA that meet the conditions of each EFR. 

These water-surface profiles are computed by HEC-RAS using the flows 

determined by HEC-EFM. While these approaches provide hydraulically 

correct water-surface profiles through each HAA, they require a significant 

level of effort. An alternative was considered using ArcGIS to directly map 

the stage determined by HEC-EFM. This approach uses the stage 

determined by HEC-EFM instead of the flow rate, with the stage mapped 

within ArcGIS for each HAA and EFR. 

This approach assumes that the stage determined by HEC-EFM for a given 

HAA and EFR applies uniformly across the HAA (i.e., it assumes there is 

no slope to the water surface throughout the HAA). This assumption may 

or may not be valid, depending on the hydraulic characteristics of the 

HAA. 
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Figure A-24.  Cottonwood Seedling Germination Habitat Areas 
Mapped Using FIP and HEC-GeoRAS in HAA 11.00 
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Again, this assumption may be valid if the HAAs were defined such that 

their hydraulic conditions were homogenous. Each HAA and EFR was 

mapped by first creating a water-surface TIN terrain model with a single 

elevation and then taking the difference between the TIN and the LiDAR 

terrain. This TIN extends beyond the cross-section extents so that mapping 

beyond existing levees is possible. As an example, Table A-14 shows the 

stages determined by HEC-RAS between RS 9.75 and RS 12.00 using the 

previous two mapping methods. Using this approach, the areas between 

these river stations would be mapped using the single stage determined by 

HEC-EFM for RS 11.00: 23.8 feet (see Tables A-5 through A-7). 

Table A-14.  HEC-RAS-Derived Stages for Salmonid-Rearing Habitat – 
RS 9.75–RS 11.00 

River Station 
Stage 
(feet) 

River Station 
Stage 
(feet) 

9.75 22.03 11.25 24.09 

10.00 22.31 11.50 24.25 

10.50 23.27 11.75 24.40 

10.75 23.62 12.00 24.84 

11.00 23.84   

Source: Data compiled by AECOM in 2011 based on modeling using U.S. Army Corps of Engineers 
Hydrologic Engineering Center’s River Analysis System (HEC-RAS) 

Figure A-25 compares the mapping results using each method between RS 

9.75 and RS 12.00 for Salmonid-Rearing Habitat. For this HAA, while 

there are differences between each approach, the results are similar, leading 

to the assumption that a single stage can represent an entire FIP is 

reasonable. This alternative approach took approximately a half day to map 

the entire study area for all EFRs, significantly less than the 1 to 2 days 

required to perform the HEC-GeoRAS- and FIP-based approaches. 
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Figure A-25.  Salmonid-Rearing Habitat Areas Mapped Using FIP and 
ArcGIS in HAA 11.00 
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The following are important findings of this approach: 

1. Mapping stages directly from HEC-EFM may or may not be 

appropriate, depending on whether the HAA is hydraulically 

homogenous. 

For HAA 11.00, this approach provides a reasonable estimate of the 

area very similar to the FIP-based approach. 

2. The water surface areas mapped are the direct, raw product of the 

RAS/EFM analysis. 

Areas have not been refined based on additional ecological or 

biological considerations, such as soil type, vegetation type, bank slope, 

connectivity, or land use. 

3. EFRs that produce stages below the LiDAR-observed water surface 

are not mapped by ArcGIS. 

When EFR stages are below the LiDAR-observed water surface, water-

surface area does exist; however, the area is simply below the LiDAR-

observed water surface.  To resolve this issue, bathymetry would need 

to be combined with the LiDAR terrain. 

3.3.2 Refinement of Mapping Products 

Results of the mapping process can be further refined, quantified, and/or 

visualized in ArcGIS. For example, a series of spatial analyses could be 

conducted to calculate the area of potential habitat based on location, 

connected vs. disconnected (to the main channel), and/or the specific EFR. 

Other GIS layers, such as soils, known habitat areas, vegetation type, bank 

slope, connectivity, and depth, could be used to refine the mapping 

products and assist in identifying areas where alternatives may be used to 

create additional habitat. 

3.4 Conclusions 

The purpose of this pilot study was to understand the methods and 

approaches required for the HEC-RAS and HEC-EFM analysis and to 

identify any issues with or alternative approaches to the analysis. The intent 

of this study was not to develop a final restoration opportunities analysis 

for the lower Feather River. This report should serve to clarify the 

RAS/EFM analysis and to identify topics for discussion. 
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The following general conclusions were reached as a result of this pilot 

study: 

1. While HEC-EFM is a robust tool for querying historic flow 

records, EFRs rely on a single set of numerical criteria (as opposed 

to a range) and lack dynamic (i.e., year-to-year) coupling of 

relationships. 

The project team and stakeholders expressed concern that a single EFR 

may not adequately identify potential habitat areas because the EFR 

defines areas based on a single set of numerical criteria, as opposed to a 

range. While these criteria may reflect optimal conditions for an 

ecological process, the ecological process may achieve some success at 

sub-optimal conditions. Multiple EFRs could be developed for a single 

ecological process representing “optimal,” “sub-optimal,” and 

“minimal” conditions; however, this would significantly increase the 

level of effort required for a systemwide analysis. As an alternative, a 

single EFR representing a broader range of conditions could be considered. 

In addition, HEC-EFM does not dynamically couple EFRs.  Since 

Cottonwood Seedling Recruitment relies on germination followed by 

minimal inundation within the same year, without dynamically 

coupling the two EFRs, the results are heavily skewed toward the 

relationship that produces the greater flow and stage. 

2. The SacEFT HEC-EFM EFRs may not be applicable systemwide. 

The primary concern with using the SacEFT EFRs systemwide, as 

identified by project team members and Stakeholders, is that the 

existing EFRs were developed for the Sacramento River mainstem and 

may not be applicable to the Sacramento River tributaries and/or other 

rivers in the study area, such as the San Joaquin River and its 

tributaries. 

3. The pilot study did not identify significant amounts of potential 

habitat on the lower Feather River and the RAS/EFM analysis 

would likely produce similar results systemwide. 

Because of the existing conditions of the lower Feather River and 

because of how EFRs are defined (as discussed above), limited habitat 

was identified on the lower Feather River.  Given the conditions on 

other rivers within the project area (e.g., heavily leveed, restrained by 

dams, and/or incised), similar results may be produced systemwide. 

Based on these conclusions, the project team considered developing a 

single EFR with a broader range of criteria, possibly with an upper- and 

lower-bound, to represent habitat opportunities.  For example, the EFR may 
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represent the peak 50 percent chance flow that occurs during a 7-day 

duration spring and/or summer storm event.  An upper and lower bound 

EFR may correspond to a higher or lower frequency and/or greater or 

smaller duration and/or time period.  In combination with HEC-EFM 

and/or other statistical tools (e.g., the USACE HEC Statistical Software 

Package (HEC-SSP)), the synthetic flow record derived from the CalSim 

model may be queried at select locations where potential habitat is likely to 

exist.  The EFR criteria will be based solely on flow, and since the CalSim-

based flow records are developed wherever significant changes in flow 

occur, the development of HAAs is not critical.   The flows associated with 

the EFR at these locations would then be mapped using HEC-RAS (steady-

state) and the FIP approach.  Regardless of whether HEC-EFM and/or 

other statistical tools, such as HEC-SSP, are used to query the flow records, 

it is the EFR criteria that ultimately determines the amount of potential 

habitat area identified.  Therefore, the use of HEC-EFM versus other 

statistical tools should be based primarily on the ease of use, time required 

to set up, and output results from the software. 
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4.0 Acronyms and Abbreviations 

cfs .............................. cubic feet per second 

Comprehensive Study Sacramento and San Joaquin River Basins 
Comprehensive Study 

CVFED ...................... Central Valley Floodplain Evaluation and Delineation 

CVP ........................... Central Valley Project 

DEM .......................... digital elevation model 

DWR .......................... California Department of Water Resources 

EFR ........................... Ecosystem Function Relationship 

ESRI .......................... Environmental Systems Research Institute, Inc. 

FIP ............................. floodplain inundation potential 

FROA ........................ Floodplain Restoration Opportunity Analysis 

GIS ............................ geographic information system 

HAA ........................... Habitat Analysis Areas 

HAR ........................... Height Above River 

HEC-DSS .................. Hydrologic Engineering Center’s Data Storage 
System 

HEC-EFM .................. Hydrologic Engineering Center’s Ecosystem 
Functions Model 

HEC-GeoRAS ........... Hydrologic Engineering Center’s River Analysis 
System 

HEC-RAS .................. Hydrologic Engineering Center’s River Analysis 
System 

HEC-SSP .................. Hydrologic Engineering Center’S Statistical Software 
Package 

LiDAR ........................ Light Detection and Ranging 

MWH ......................... MWH Americas, Inc. 

NAVD88 .................... North American Vertical Datum 1988 

NGS ........................... National Geodetic Survey 

NGVD29 .................... National Geodetic Vertical Datum of 1929 

RAS/EFM .................. HEC-RAS/HEC-EFM 

RS ............................. River Station 
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SacEFT ...................... Sacramento River Ecological Flows Tool 

SWP .......................... State Water Project 

TIN ............................. triangular irregular network 

TM ............................. Technical Memorandum 

USACE ...................... U.S. Army Corps of Engineers 

USGS ........................ U.S. Geological Survey 

WSEL ........................ water surface elevations 

WY ............................. Water Year 
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U.S. Geological Survey (USGS) 10-meter digital elevation models (DEM) 

were obtained (USGS, 2010) and evaluated for their appropriateness of use 

in the pilot study along the lower Feather River.  This appendix provides 

the methods and results of a brief assessment of these data. 

A portion of the California Department of Water Resources Central Valley 

Flood Evaluation and Delineation Project (CVFED) light detection and 

ranging (LiDAR)-derived DEM was selected (see inset box on Figure B-1) 

and a cross section was taken of the levee to compare the elevations from 

both the USGS DEM and LiDAR-derived DEM. 

Elevations in the vicinity of the levee cross section are shown on Figure B-

2 from the LiDAR-derived DEM, and Figure B-3 from the USGS DEM, 

indicating a significant difference in the two data sets with the USGS data 

presenting essentially “flat” topography in this location. 

Figure B-4 provides a profile view of the two cross sections, demonstrating 

the lack of topographic relief provided in the USGS DEM data, and Figure 

B-5 provides tabular data indicating a USGS DEM surface is 

approximately 6 feet higher landward from the levee. 

Given this comparison of the USGS DEM against the LiDAR DEM, it was 

determined that the USGS data does not pick up the crests of project 

levees.  In many cases, the USGS data barely show any increase in 

elevation at the levee crest, and present a higher ground elevation landward 

from the levee.  Based on this comparison, it was determined that the 

USGS DEM cannot be used as a substitute for the LiDAR-derived DEM 

data. 



2012 Central Valley Flood Protection Plan 
Attachment 9F: Floodplain Restoration Opportunity Analysis 
Appendix B. Investigation of USGS 10-Meter DEM Accuracy 

B-2 January 2012 

 Public Draft 

 

 

Note: Red line inside red box is a cross section used to compare the elevations of the U.S. Geological 
Survey digital elevation model and Light Detection and Ranging-derived digital elevation model. 

Figure B-1  LiDAR-Derived DEM of the Pilot-Study Reach 
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Figure B-2.  Closeup of Cross Section on LiDAR DEM 

 

 

Figure B-3.  Closeup of Cross Section on USGS DEM 
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Figure B-4.  Cross-Section Profiles 

 
Figure B-5 Tabular Comparison of Cross-Section Elevations 
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Since final digital elevation models (DEM) were not available from the 

California Department of Water Resources (DWR) Central Valley Flood 

Evaluation and Delineation Project (CVFED) program at the time of this 

pilot study, the DEM preparation involved the use of preliminary CVFED 

terrain data and incorporating/building breaklines and filling in void areas 

found in the data to create a triangulated irregular network (TIN) from 

which to derive a DEM of a specified grid cell size. An approximate 30- 

square-mile area was defined for the DEM preparation (Figure C-1). The 

light detection and ranging (LiDAR) data had data voids where there is 

water and dense vegetation that restricted the TIN from triangulating, 

essentially leaving large gaps in the TIN.  Points were created in those 

areas to help complete the TIN. 

Factors considered in the completion of the TIN and DEM included: 

1. Projection – The were in a standard coordinate system; however, if 

they were not, then the LAS files would need to be converted to a 

shapefile and reprojected. 

2. Data Voids – Where the data did not have interpolated 

points/breaklines across data void areas for the TIN to easily 

triangulate, “filler” points were created to provide a surface across 

the void areas to enable the completion of the TIN surface.  

3. TIN/DEM Build – This process was iterative and required that no 

gaps remained in the TIN and resulting DEM.  For every gap found, 

a search radius was applied to identify the nearest points to 

triangulate. 

At the request of the Project Team, a comparison was made of the 

preparation time, resolution (usability), and file size attributes for various 

DEM grid size resolutions.  This comparison included 5-, 25-, 50-, and 

100-foot DEMs in the Feather River pilot-study area. 

The time difference associated with DEM sampling from the TIN was 

minor.  The time considerations came primarily from the initial TIN build 

(especially if the LiDAR has data voids) and this was estimated to take 2 to 

3 days per 100 square miles. Another potentially significant impact on 

preparation time would be hydro-correction of the terrain surface; however, 

this was not done, which preserved the actual topographic condition of the 

floodplain surfaces. 

A sample portion of the pilot-study area was prepared at the various DEM 

grid cell resolutions to enable a visual comparison of the resolution 

differences (Figures C-2 to C-5). 
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The file sizes resulting from the various DEM grid cell resolutions varied 

dramatically, with exported ASCII DEM file sizes for the same area 

(approximately 30 square miles) as follows: 5-foot DEM at 365.3 

megabytes (MB); 25-foot DEM at 14.3MB; 50-foot DEM at 3.6MB, and 

100-foot DEM at 0.9MB. 

Based on the results of this comparison a decision was made by DWR to 

develop a 25-foot DEM using preprocessed CVFED TO20 data in the pilot-

study area. The use of a 25-foot resolution DEM was determined to provide 

a reasonable balance among the preparation time, resolution (usability), and 

file sizes with the intended level of detail for the final products from this 

planning-level exercise. 

 
Figure C-1 Pilot-Study DEM Area 
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Figures C-2 and C-3.  5-Foot and 25-Foot DEM Grid Cell Size 
Resolutions, Respectively 
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Figures C-4 and C-5.  50-Foot and 100-Foot DEM Grid Cell Size 
Resolutions, Respectively 



CVFED LiDAR Terrain Data Comparisons 

January 2012 C-5 

Public Draft 

This page left blank intentionally. 
 





 
 

 

STATE OF CALIFORNIA 

THE NATURAL RESOURCES AGENCY 

DEPARTMENT OF WATER RESOURCES 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Public Draft 
 
 

2012 Central Valley Flood Protection Plan 

Attachment 9F: Floodplain 
Restoration Opportunity Analysis – 
Appendix D. Levee Realignment 
Methodology 
 

January 2012 



 

 January 2012 

 Public Draft 

This page left blank intentionally. 



 Levee Realignment Methodology 

January 2012 D-1 

Public Draft 

Within the Feather River pilot-study reach, the Project Team noted that 

there were two locations where levees had been set back since the March 

2008 date of the light detection and ranging (LiDAR) flight.  This resulted 

in a need to adjust the digital elevation model (DEM) terrain surface to 

show actual current topographic conditions.  While the Height Above River 

(HAR) output to date still shows the old levee position, a separate effort 

was made to determine a reasonable approach to adjust levee locations for 

subsequent HAR analyses. 

The following steps were taken to adjust the location of a levee in the 

DEM. 

1. A polygon feature was created around the area of the existing and new 

levee locations.  The polygon was used to clip the DEM, which cut 

down on the processing time (Figure D-1). 

2. A copy of the DEM surface limited to the polygon area was extracted 

by using the Extract by Mask tool located in the ArcGIS Toolbox -> 

Spatial Analyst Tools -> Extraction -> Extract by Mask (Figures D-2 

and Figure-D3, tool input Items a through c below; and Figure D-4, 

output resulting from Items a through c below). 

a. Input Raster – Input the DEM. 

b. Input Raster or Feature Mask Data – Input the polygon created in 

Step 1. 

c. User must set file location and name. 

3. The raster was converted into points using the 3D Analyst Toolbar 

dropdown menu under Convert -> Raster to Features (Figure D-5).   

a. Output Geometry Type – Set to Point. 

b. Input Raster – This is the extracted raster from Step 2. 

c. Field – Set to <Value>. 

d. User must set output file location and name. 

4. The existing and new levees were delineated with lines that were then 

buffered at a distance necessary to capture the entire width of the levee 

cells in the DEM (Figure D-6).  

5. All points within the buffered areas were selected by using Main Menu 

-> Selection -> Select by Location (Figures D-7 and D-8, tool input 
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Items a through d below; and Figures D-9 and D-10, output from Items 

a through d below). 

a. I want to – Pull down “Select Features From.” 

b. The Following Layer – Click on the points file output from Step 3. 

c. That – Pull down “are within.” 

d. The features in this layer – Pull down “New Levees Buffer” created 

from Step 4. 

e. The DEM polygon points selected within the new levee buffer area 

were deleted and the DEM polygon points selected within the 

existing levee buffer were exported using Step 6 before being 

deleted. 

6. The points for the existing levee were selected in Step 5 and then 

exported by right clicking on the file name in the Layers Catalog: File 

Name -> Data -> Export Data. (Figures D-11 and D-12, tool input 

Items a through c below). 

a. Export – Pull down “Selected features.” 

b. Use the same coordinate system as – Select “this layer’s source 

data.” 

c. Output shapefile or feature class – User sets file location and name. 

7. The existing levee points from Step 6 were moved into the location of 

the deleted new levee points (Step 5e) in the Raster to Features point 

output from Step 3.  This was done from the upstream portion of the 

levee to the downstream portion, where points from the existing levee 

were selected in groups and manually moved into the vacant new levee 

location.  Occasionally a group of points needed to be rotated to fit the 

new area and maintain a consistent levee slope and height (Figure D-

13). 

8. The existing and new levee point layers were appended (combined) by 

entering the ArcGIS Toolbox, clicking on the Index Tab at the bottom, 

typing “Append” into the “Type in key word to find:” box at the top, 

and selecting “Append (management)” (Figures D-14 and D-15, tool 

input Items a through c below). This combines the levee points from 

Step 3 (as modified in Step 5e) and the newly moved levee points from 

Step 7 into one file (Figure D-16). 
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a. Input Datasets – Enter filename for newly moved points from Step 

7. 

b. Target Dataset – Enter filename for points from Step 3, which were 

modified in Step 5e. 

c. Schema Type (optional) – Pull down “NO TEST.” 

9. All levee points were converted into a raster grid using the Features to 

Raster: Spatial Analyst toolbar -> Covert -> Features to Raster.  

(Figures D-17 and D-18, tool input Items a through d below). 

a. Input Features – Appended points file from Step 8. 

b. Field – This was set to GRID_CODE in the dropdown box. 

c. Output Cell Size – Should be set to the cell size of the DEM. 

d. Output Raster – User sets the raster file location and name. 

10. The output raster had “NoData” value cells in the location of the 

existing levee because those points are no longer there.  The next 

step involved filling these NoData cells with adjacent elevations 

from the DEM to create a smooth surface where the existing levee 

used to be (Figure D-19). This was done using the Spatial Analyst 

toolbar -> Raster Calculator (Figure D-20).  In the expression box 

the following expression was typed, focalmean ([output raster from 

Step 9], rectangle, 3, 3, data ) (Figure D-21).  This expression 

assigns the NoData cells the Mean of the 3x3 area around them.  

This expression did not fill in all NoData cells on the first run, so 

the output of this expression was run through the raster calculator a 

second and third time until all NoData cells were given an elevation 

(Figure D-22). 

11. The output raster from Step 10 was converted to Points using the 

same Raster to Features method as in Step 3 (Figure D-23). 

12. The DEM was converted to Points using the same Raster to 

Features method as in Steps 3 and 11 (Figure D-24). 

13. Points from the DEM points file, created in Step 12, were selected 

within the polygon created in Step 1, using Select by Location, 

which was done in Step 5 (Figure D-25).  Once all points within the 

polygon were selected, they were deleted from the DEM points file 

from Step 12.  The points from Step 11 were fit into the vacant area 

(Figure D-26). 



2012 Central Valley Flood Protection Plan 
Attachment 9F: Floodplain Restoration Opportunity Analysis 
Appendix D. Levee Realignment Methodology 

D-4 January 2012 

 Public Draft 

14. The Points file from Step 13 was combined with the Points file 

from Step 11 using the Append (management) tool, as done in Step 

8. 

15. The appended Points shapefile from Step 14 was converted into a 

raster grid, as done in Step 9 using the Features to Raster tool, and 

this raster output was the final result (Figure D-27).  The new levee 

is now in the DEM.  If there are any NoData cells in the area where 

the new levee was added in the DEM, the expression from Step 10 

can be run in the Raster Calculator. 

 
Figure D-1.  Polygon Feature for DEM Extraction 
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Figure D-2.  Extract by Mask Tool in ArcGIS Toolbox 

 
Figure D-3.  Extract by Mask Menu Box 



2012 Central Valley Flood Protection Plan 
Attachment 9F: Floodplain Restoration Opportunity Analysis 
Appendix D. Levee Realignment Methodology 

D-6 January 2012 

 Public Draft 

 
Figure D-4.  Extract by Mask Output 



 Levee Realignment Methodology 

January 2012 D-7 

Public Draft 

 
Figure D-5.  Raster to Features Location in 3D Analyst Toolbar 
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Figure D-6.  Buffer of Existing and New Levee Lines 

 
Figure D-7.  Select by Location Tool 
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Figure D-8.  Select by Location Menu Box 
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Figure D-9.  Existing Levee Points 
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Figure D-10.  New Levee Points 
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Figure D-11.  Location for Export Data of the Existing Levee Points 
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Figure D-12.  Export Data Menu Box 
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Figure D-13.  Existing Levee Points (purple) Moved to New Levee 
Points (light grey) 
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Figure D-14.  Append Location in ArcGIS Toolbox 
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Figure D-15 – Append Menu Box 
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Figure D-16.  Append Output 

 
Figure D-17.  Feature to Raster Location 
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Figure D-18.  Feature to Raster Menu Box 

 
Figure D-19.  Feature to Raster Output 
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Figure D-20.  Raster Calculator Location 

 
Figure D-21.  Raster Calculator  
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Figure D-22.  Final Raster Output with New Levee 
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Figure D-23.  Final Raster Output Converted into Points 

 
Figure D-24.  DEM (outer box) and Final Raster Output (inner box) 
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Figure D-25.  DEM Points Selected with the Clip Polygon 

 
Figure D-26.  Final Raster Output Points Combined in DEM 
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Figure D-27.  DEM with  New Levee Added in and Old (existing) Levee 
Removed 
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Figure E-1.  Synthetic vs. Observed Flow – Yuba City  
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Figure E-2. Synthetic vs. Observed Flow Duration Curve – Yuba City 
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Figure E-3.  Synthetic vs. Observed Flow – Shanghai Bend 
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Figure E-4.  Synthetic and Observed Flow Duration Curve – Shanghai 
Bend 
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Figure F-1.  Salmon Rearing Habitat Formation Ecosystem Functional 
Relationship (EFR) 
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Figure F-2.  Cottonwood Seedling Germination EFR 
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Figure F-3.  Cottonwood Seedling Inundation (Death) EFR 
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Figure F-4.  Cottonwood Recruitment EFR 
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Figure G-1.  Cottonwood Seedling Germination – RS 12.25 – RS 14.50 



2012 Central Valley Flood Protection Plan 
Attachment 9F: Floodplain Restoration Opportunity Analysis 
Appendix G. RAS/EFM Analysis FIP-Based Mapping 

G-2 January 2012 

 Public Draft 

 
Figure G-2.  Cottonwood Seedling Germination – RS 14.75 – RS 16.75 
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Figure G-3.  Cottonwood Seedling Germination – RS 17.00 – RS 21.00 
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Figure G-3.  Cottonwood Seedling Germination – RS 22.00 – RS 23.00 
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Figure G-4.  Cottonwood Seedling Germination – RS 24.00 – RS 25.25 
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Figure G-5.  Cottonwood Seedling Inundation – RS 9.75 – RS 12.00 
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Figure G-6.  Cottonwood Seedling Inundation – RS 12.25 – RS 14.50 
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Figure G-7.  Cottonwood Seedling Inundation – RS 14.75 – RS 16.75 
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Figure G-9.  Cottonwood Seedling Inundation – RS 17.00 – RS 21.00 
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Figure G-8.  Cottonwood Seedling Inundation – RS 22.00 – RS 23.00 
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Figure G-11.  Cottonwood Seedling Inundation – RS 24.00 – RS 25.25 
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1.0 Introduction 

Programmatic approaches to permitting and other regulatory authorizations 

for flood management activities (e.g., regional permitting mechanisms) are 

an important part of improving and integrating flood management and 

ecosystem conservation in the Central Valley. To support both the 

development of the Central Valley Flood Protection Plan (CVFPP) and the 

linked Central Valley Flood System Conservation Strategy, this 

informational document does the following: 

• Describes the benefits of programmatic authorizations (as compared to 

project-by-project permitting). 

• Identifies the types of flood management activities that potentially 

could be covered by such programmatic authorizations. 

• Describes and evaluates several options for developing programmatic 

authorization mechanisms for the flood management system, and 

identifies important environmental regulations that apply. 

• Identifies potential overlaps and gaps with existing regulatory-based 

regional plans (e.g., Natural Community Conservation Plans (NCCP), 

Habitat Conservation Plans (HCP),) and with regional or programmatic 

authorizations (Regional General Permits (RGP), Routine Maintenance 

Agreements (RMA)). 

This document does not provide guidance with regard to specific projects 

or propose an approach to programmatic permitting for flood management 

activities. 
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2.0 Programmatic Permitting Needs 
and Objectives 

The California Department of Water Resources (DWR) is integrating 

environmental stewardship into flood management activities. 

Environmental stewardship has a goal of improving ecological conditions 

and trends, and integration of this stewardship can improve conditions 

relative to the existing environmental baseline and will reduce the adverse 

effects of flood management activities. However, it will not eliminate the 

need for regulatory compliance, including compensatory mitigation for 

unavoidable impacts to the environment. With regard to regulatory 

permitting for flood management activities, DWR will make every effort to 

employ efficient and effective permitting approaches that support the 

Conservation Framework goals included in the 2012 CVFPP. 

Traditional project-by-project environmental permitting has several 

shortcomings for project proponents, regulators, and conservation interests. 

These shortcomings can include time-consuming negotiations to identify 

suitable off-site mitigation areas as compensation for projects that result in 

habitat loss, project delays, establishing small isolated mitigation areas that 

are difficult and relatively costly to manage, and temporal losses in habitat 

functions while habitat is being restored at compensation sites. 

During the past 20 years, several regional approaches have been developed 

to address these permitting challenges. Local governments in the State of 

California (State) have been using these regional approaches to both permit 

land development and maintain and improve functional ecosystems. These 

approaches are described in Section 4.0, “Summary of Possible Regulatory 

Tools to Provide Programmatic Authorizations,” and include programmatic 

section 7 consultations, regional HCPs, NCCPs, and RGPs. Additional 

approaches are being developed, including Regional Advance Mitigation 

Planning (RAMP) and Corridor Management Plans (CMP) (see 

Conservation Framework, Sections 5.4.6 and 5.4.4, respectively). 

These regional approaches are being used by DWR and other state and 

local agencies, or could be used, to meet the collective permitting needs for 

multiple projects on a regional scale and for longer time periods (compared 

to project by project permitting), while also consolidating mitigation efforts 

into larger, more viable conservation areas that can be more effectively 

managed long-term. 
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DWR is evaluating how existing regional approaches (e.g., regional 

conservation plans) may be developed to help meet its flood management 

permitting needs. It is also working to identify other suitable regulatory 

tools (e.g. programmatic permitting) that can be used where existing 

regional approaches are not applicable. Several conservation planning 

efforts that overlap with the CVFPP Statewide Planning Area are listed in 

Attachment 9E: Existing Conservation Objectives from Other Plans. 
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3.0 Potential Flood Management 
Activities That May Be Covered 
by Regional or Project 
Permitting 

Programmatic permitting can reduce the time required for agency 

coordination and review for projects with minimal environmental impacts. 

While these permits may take longer to develop initially, permitting 

multiple projects together results in improved overall efficiency when 

compared to the timelines typically associated with project by project 

permitting. Programmatic permits accomplish this by incorporating specific 

design requirements and conservation measures up front. Because the 

project design, construction methods, and associated conservation measures 

are generally in place, agency approvals can be processed promptly. This 

section identifies potential actions that are suitable for programmatic 

compliance with State and federal regulations and those actions that may 

qualify for programmatic permitting.  

3.1 Activities Suitable for Programmatic 
Permitting 

DWR will be evaluating and implementing a variety of flood management 

activities, including some of the actions listed below. Activities that have 

impacts on environmental resources that are negligible or consistently 

below a defined threshold may qualify for programmatic permitting, as 

described in the following sections. It should be noted that in some 

situations some of the bulleted items below, when conducted on a large 

scale, could result in impacts that are not negligible and not necessarily 

below a defined threshold and therefore may require further analysis to 

determine suitability for programmatic permitting. 

Some facilities operations, maintenance, and construction activities may be 

suitable for programmatic permitting. These activities include the 

following: 

• Channel clearing and obstacle removal (e.g., snags) 

• Minor (i.e., limited in size) bank stabilization and erosion repairs, 

including rock slope placement 
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• Closure structure maintenance, operation, and rehabilitation 

• Structure repair 

• Manual and mechanical vegetation control (terrestrial and aquatic) 

• Ground surface modification by grading 

• Minor vegetation or tree removal 

• Penetration gap grouting or filling (e.g., rodent burrow) 

• Silt, sand, or sediment removal 

Some habitat enhancement and restoration activities to improve ecosystem 

functions also may be suitable for programmatic permitting. These 

activities include the following: 

• Management of runoff through watershed management 

• Removal of unnatural hard points within and along channels 

• Control of invasive species 

• Removal of barriers to fish passage 

• Restoration of historical channel alignment (i.e., conduct de-

channelization) 

• Planting of native vegetation 

3.2 Activities Requiring Additional Information to 
Determine Suitability for Programmatic 
Permitting 

Some flood management activities are likely to result in more extensive 

changes in the landscape, such as larger, new project footprints. Major 

activities, such as those listed below, will need to be coordinated with other 

land use planning and decisions, and may require more complex 

programmatic permitting approaches. DWR will work with regulatory 

agencies to assess the level of complexity these activities might entail for 

regional permitting. Flood management activities requiring additional 

information to determine suitability for programmatic permitting include: 
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• Levee Improvements or Levee Construction – Actions involving 

levee improvement and construction may not be suitable for 

programmatic permitting because they usually cause substantial, 

project-specific impacts that cannot be avoided or reduced to minimal 

levels through predetermined design and conservation measures. 

However, some minor levee improvement projects with minimal 

impacts could be suitable. If proposed changes are limited to restoring 

the authorized level of protection or improving the structural integrity 

of the protection system and do not change the authorized structural 

geometry or hydraulic capacity, they may be approved in accordance 

with 33 Code of Federal Regulations (CFR) 208.10 through submittal 

of an encroachment permit application by the Central Valley Flood 

Protection Board (Board) to the U.S. Army Corps of Engineers 

(USACE). Activities that result in more than minor modification of 

federal levees or channel conveyance require authorization under 

section 14 of the Rivers and Harbors Act of 1899 (33 U.S. Code 408), 

referred to as “section 408.” Such authorizations must be sought on an 

individual project basis because there is no mechanism to achieve 

programmatic section 408 authorization. Levee improvement and 

construction activities include the following:  

- Raising levees to improve flood system performance 

- Remediating erosion damage into levee prism 

- Setting back levees to connect rivers to floodplains 

- Constructing new levees or bypasses to provide flood protection to 

additional areas potentially affected by flooding 

- Constructing ring levees 

- Constructing training levees or levees that subdivide larger basins 

• Floodplain Management Activities – These activities  would involve 

the following actions: 

- Using floodproofing measures 

- Removing disconnected, redundant, and nonfunctional facilities of 

the State Plan of Flood Control (SPFC) 
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4.0 Summary of Possible 
Regulatory Tools to Provide 
Programmatic/Regional 
Authorizations 

Agencies with regulatory authority include USACE Regulatory Division, 

Central Valley Regional Water Quality Control Board (RWQCB), 

California Department of Fish and Game (DFG), U.S. Fish and Wildlife 

Service (USFWS), National Marine Fisheries Service (NMFS), State 

Historic Preservation Office (SHPO), California State Lands Commission 

(SLC), and the Board. 

This section summarizes the regulatory mechanisms that could be used by 

the above agencies to provide programmatic authorizations for flood 

management activities. Different methods for attaining regulatory 

compliance are identified to facilitate discussions between DWR and 

regulatory agencies and determine the most appropriate permitting 

strategies. These permitting approaches have been developed based on 

review of existing permit programs and policies for comparable permitting 

efforts. 

4.1 Federal Authorities 

The National Environmental Policy Act (NEPA) requires that federal 

agencies review their proposed actions through a process that evaluates 

potential environmental effects of the proposed action and of reasonable 

and prudent alternatives that would avoid or minimize significant effects.  

Compliance with NEPA would be necessary for USACE, USFWS, NMFS, 

or other federal agencies providing authorization or funding for flood 

management activities. Requirements for compliance with NEPA are 

determined by NEPA and by guidelines of the Council of Environmental 

Quality and the federal agency undertaking the action. NEPA grants 

considerable discretion to federal agencies regarding the procedures for 

NEPA review. Consequently, timeline and requirements for NEPA 

compliance vary considerably among federal agencies and the various 

actions they undertake. 

Federal agencies would conduct NEPA review for their respective federal 

authorizations through preparing Environmental Assessments (EA), and/or 
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Environmental Impact Statements (EIS) as part of the agencies’ internal 

authorization process. If an EA concludes with a Finding of No Significant 

Impact (FONSI), no further NEPA documentation would be required. If the 

EA determines that the project may result in significant environmental 

effects, or if significant effects are presumed initially, preparation of an EIS 

would be required for NEPA compliance. In general, significance of an 

action’s effects is determined in terms of the context and intensity of its 

effects, and the federal agency’s NEPA guidance may provide additional 

direction regarding significance determinations. An EIS evaluates the 

potential effects of both the proposed action and reasonable alternatives; it 

also discusses means to mitigate adverse impacts. NEPA compliance with 

an EIS is completed with a Record of Decision (ROD) regarding the 

proposed action. NEPA compliance with an EIS generally takes more than 

1 year and requires more time and expense than compliance with an EA. 

The duration and expense of NEPA compliance with an EA, although less 

than with an EIS, varies substantially among actions and agencies. 

4.1.1 U.S. Army Corps of Engineers 

This section summarizes the regulatory mechanisms that could be used by 

USACE to provide programmatic authorizations for flood management 

activities under section 404 of the Clean Water Act (CWA) and section 10 

of the Rivers and Harbors Act of 1899 (RHA) including RGPs, and PGPs. 

Clean Water Act Section 404 and Rivers and Harbors Act Section 10 

Section 404 of the CWA prohibits the discharge of dredged or fill materials 

into waters of the United States, and section 10 of the RHA prohibits 

obstruction or alteration of navigable waters of the United States without 

prior USACE authorization. Two potential programmatic approaches are 

available for compliance with these statutes: an RGP and a Programmatic 

General Permit (PGP). USACE could develop an RGP or PGP for activities 

within the planning area of the CVFPP (i.e., the Systemwide Planning Area 

(SPA)) under the authority of section 404 (33 United States Code (USC) 

section 1344) and section 10 (33 USC section 403), in accordance with 

provisions of Regulatory Programs of the Corps of Engineers, 33 CFR 

section 323.2(h), for activities that are substantially similar in nature and 

that cause only minimal individual and cumulative environmental impacts. 

RGPs and PGPs are generally valid for 5 years from the date of issuance 

and may be renewed at USACE’s discretion. 

Regional General Permit 

An RGP is issued by a USACE district or division and authorizes a class of 

activities within a geographic region that are similar in nature and have 

minimal individual and cumulative environmental impacts. Overall, RGPs 

increase the efficiency of the USACE permitting process by avoiding the 
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need to obtain separate permits on a project-by-project basis. To qualify for 

authorization under an RGP permit, applicants must meet general and 

special conditions established for that RGP. Once an RGP is issued, 

applicants can use the permit if the stated conditions are met. RGPs 

typically require project-by-project notification to USACE, and USACE 

issues a Notice to Proceed if the terms of the RGP are met. RGP processing 

timelines are difficult to anticipate and are based on agency coordination 

and workloads; however, a 1- to 2-year time frame from preapplication 

coordination to RGP issuance is a reasonable expectation. 

Programmatic General Permit 

A PGP may be issued by a USACE division where a local, state, or other 

federal program provides protections for the aquatic environment that are at 

least equivalent to the protections provided by USACE’s Regulatory 

Program. The PGP is a mechanism available to local, tribal State, and 

federal regulatory authorities (other regulatory authorities (ORA)). A PGP 

provides the written vehicle that identifies the terms, limitations, and 

conditions under which specific projects regulated by an ORA program 

may be authorized by a regulator under USACE’s Regulatory Program 

with a more efficient and abbreviated review by USACE. Under a PGP, 

USACE may delegate parts of its administrative authority to allow the 

ORA, in this case DWR, to review project-specific PGP notifications and 

issue Notices to Proceed. PGPs may thus simplify the evaluation process 

and facilitate a “one-stop-shopping” permitting approach. RGP processing 

timelines are difficult to anticipate and are based on agency coordination 

and workloads; it would be reasonable to anticipate a 2- to 5-year time 

frame from preapplication coordination to PGP issuance. 

4.1.2 U.S. Fish and Wildlife Service and National Marine 
Fisheries Service 

This section summarizes the regulatory mechanisms that could be used by 

USFWS to provide programmatic authorizations for flood management 

activities under the Endangered Species Act of 1973, as amended (16 USC 

1531 et. seq.) (ESA) including Biological Opinions (BOs) and 

Programmatic Biological Opinions (PBOs) under section 7; HCPs under 

section 10; and Safe Harbor Agreements (SHAs) under the authority of 

section 10(a)(1)(A). 

Endangered Species Act Section 7 

Once a fish or wildlife species is listed as endangered or threatened under 

ESA, the act prohibits “take” of the species. To “take” a species means to 

“harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or 

to attempt to engage in any such conduct.” Also, habitat modification or 

degradation that results in death or injury to listed species by impairing 
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behavioral patterns constitutes take. In addition, the ESA prohibits the 

destruction or adverse modification of designated critical habitat. 

Designated critical habitat encompasses areas that are essential to the 

conservation of threatened and endangered species, and includes 

geographic areas “on which are found those physical or biological features 

essential to the conservation of the species and which may require special 

management considerations or protection.” Generally, USFWS (under the 

Department of the Interior) administers the ESA for terrestrial and 

freshwater species, and NMFS (under the Department of Commerce) 

administers the ESA for marine and anadromous species. 

Section 7(a)(2) of the ESA requires federal agencies that are undertaking 

funding, permitting, or authorizing actions to consult with USFWS and/or 

NMFS to evaluate whether these actions would affect listed species or 

designated critical habitat. The issuance of a permit by a federal agency 

(federal action agency) provides a federal nexus for a State agency action 

or project for ESA compliance through section 7 consultation. For 

example, as part of issuing a 404 permit, which may provide a federal 

nexus for at least a portion of a project, USACE would initiate section 7 

consultation with both USFWS and NMFS. 

Based on this consultation, USFWS and NMFS may issue a BO, which 

states whether or not the federal action is likely to jeopardize the continued 

existence of listed species or result in the destruction or adverse 

modification of critical habitat. Non-jeopardy BOs include an incidental 

take statement, describing the amount of “take” that is allowed to occur for 

otherwise lawful activities. BOs also include “reasonable and prudent 

measures” that USFWS and NMFS believe are necessary and appropriate 

to minimize the effects of a project, as well as terms and conditions to 

minimize incidental take or avoid take altogether. The formal section 7 

consultation period is 135 days (beginning only after the USFWS has 

determined the application is complete); however, this time frame may vary 

based on agency workload. 

A State agency may engage directly with the USFWS and/or NMFS 

through a technical assistance request, however, under section 7, a BO 

cannot be issued to a State agency directly. A BO can only be issued to the 

federal action agency. 

Federal action agencies may request multiaction, or "ecosystem-based," 

programmatic consultations. Programmatic consultations evaluate the 

potential for related agency actions to affect listed and proposed species 

and designated and proposed critical habitat. Programmatic consultations 

are often based on a federal agency’s proposal to apply specified standards 

or design criteria to future proposed actions. Programmatic consultations 
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can increase the efficiency of the section 7 consultation process because 

much of the effects analysis is completed one time, up front, rather than 

repeatedly for each separate action. Further, because programmatic analysis 

incorporates anticipated effects of a federal agency’s future projects, the 

process for completing consultation for future actions proposed under the 

programmatic consultation can be shortened. Based on similar program-

level authorizations throughout the state of California for efforts 

comparable in scale and complexity to the flood management activities 

considered by the CVFPP, it is anticipated that some future flood 

management projects would be addressed by the USFWS and NMFS in  

PBOs, or a combined PBO/a not-likely-to-adversely-affect letters from 

each of these agencies. 

ESA Section 10 Habitat Conservation Plans 

Any CVFPP activities that do not have a federal nexus (USACE or other 

federal agency) cannot consult under section 7 of the ESA. Instead, ESA 

compliance needs to be achieved under section 10 of ESA, through 

preparation of an HCP. HCPs are planning documents prepared by 

nonfederal parties as part of an application for an incidental take permit. An 

HCP assesses the impacts of a proposed action on species (which may 

include federally listed and state-listed species and candidate species), 

proposes measures to monitor, minimize, and mitigate these impacts, and 

analyzes action alternatives. On approval of an HCP, USFWS and NMFS 

issue incidental take permits, which allow the nonfederal party to legally 

proceed with an activity that otherwise would result in unlawful take of a 

protected species. In addition to the incidental take permit, USFWS and 

NMFS complete a BO under section 7 of the ESA and finalize the NEPA 

analysis documents. 

Although HCPs vary in scale and scope, they provide an approach to 

addressing a set of actions across a broad geographic region that evaluates 

impacts on a range of ecosystems, habitats, and species. Just as the size, 

configuration, and location of HCPs varies, so does the permit duration. 

Permit duration takes into account both the biological impacts resulting 

from the proposed land use and economic developmental differences.  HCP 

development and permit processing phases do not have statutory time 

frames but can be roughly estimated as taking 1 year to 5 years to complete 

in the Sacramento region. 

Some flood management activities may qualify for a low-effect HCP. To 

enable the formal screening process for a low-effect HCP, DWR would 

need to provide to USFWS and NMFS a list of flood management activities 

proposed for coverage. Determination of whether an HCP qualifies for the 

low-effect category is based on anticipated impacts by activities covered in 

the HCP before implementation of mitigation. Low-effect HCPs are those 
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involving (1) minor or negligible effects on federally listed, proposed, or 

candidate species and their habitats covered under the HCP, and (2) minor 

or negligible effects on other environmental values or resources. “Low-

effect HCP” incidental take permits are permits that, despite their 

authorization of some small level of incidental take, individually and 

cumulatively have a minor or negligible effect on the species covered in the 

HCP. A timeline for low-effect HCPs is difficult to estimate but is expected 

to require less time for HCP development and permit processing relative to 

a standard HCP. 

DFG works with applicants to develop NCCPs (see below) jointly with 

USFWS HCPs to provide one planning process and document. However, in 

some cases, a local government may decide not to pursue an NCCP to 

accompany the federal HCP. Thus, not all HCPs comply with NCCP 

standards. 

Whenever practical, USFWS and NMFS give consideration to 

programmatic or ecoregion consultation with federal agencies having major 

programs in HCP areas to facilitate overall consultation and recovery 

actions for the species involved. This type of consultation would involve 

programmatic review of the agencies' activities and would be most 

effective if conducted simultaneously with development of the HCP. Such 

simultaneous consideration of both federal and nonfederal programs could 

(1) assist in assessing overall effects on a species/group of 

species/ecosystem from multiple actions, (2) result in a better 

determination of the respective roles of all parties in conserving the 

species/ecosystem, (3) assist in determining the priority of all proposed 

actions for use of any "resource cushion" that may exist, and (4) 

demonstrate that all parties are being provided equal consideration at equal 

speed (programmatic consultations do not have applicants and are subject 

to mutually agreed-on time frames). 

Safe Harbor Agreement 

An SHA is a voluntary agreement between private or nonfederal 

landowners and USFWS. NMFS does not issue SHAs. Under an SHA, a 

landowner enhances their property in ways that benefit listed species, and  

is issued an Enhancement of Survival Permit under the authority of section 

10(a)(1)(A) of the ESA. This permit authorizes incidental take of species 

that may result from actions undertaken by a landowner under the SHA, 

which could include returning the property to baseline conditions at the end 

of the agreement. Obtaining permits using an SHA is of limited 

applicability for DWR. Because an SHA can be entered into only by the 

landowner, a maintaining agency with an easement for maintenance 

(typical for DWR) cannot obtain an SHA. The agreement has to be initiated 
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by the landowner. An SHA typically takes 6 months to 9 months to 

develop, although complex agreements may take longer. 

4.2 State Authorities 

Projects by public agencies and private entities subject to discretionary 

approvals by government agencies must go through the environmental 

review process required by the California Environmental Quality Act 

(CEQA). CEQA defines a project as any activity that “may cause either a 

direct physical change in the environment, or a reasonably foreseeable 

indirect physical change in the environment” (Public Resources Code 

section 21065). Projects potentially entailing discretionary approvals 

include activities directly undertaken by a public agency; activities 

supported, in whole or part, through financial assistance from public 

agencies; and activities that involve the issuance of a lease, permit, license, 

certificate, or other entitlement. 

Consequently, a certified CEQA document is required for issuance of a 

section 401 water quality certification by RWQCB or the State Water 

Resources Control Board (SWRCB), a Lake and Streambed Alteration 

Agreement (LSAA) by DFG, a Master Lease from the SLC, and a National 

Pollutant Discharge Elimination System (NPDES) permit or waiver from 

the RWQCB.  A CEQA document is also required prior to DFG approval 

of an NCCP. Therefore, regional/programmatic permitting is greatly 

facilitated by related CEQA documents providing well-substantiated 

impact analyses and clearly defined and implementable avoidance, 

minimization, and mitigation measures. Flood management projects may 

quality for CEQA exemptions under two categories: statutory exemptions 

(Title 14 of the California Code of Regulations (CCR), Article 18, sections 

15260 to 15285), or categorical exemptions (Title 14 of the CCR, Article 

19, sections 15300 to 15332). A full description of all exemptions and the 

requirements to qualify for the exemptions is listed in the CCR. Types of 

projects that may be exempt include, but are not limited to: 

• emergency repairs necessary to maintain service essential to the public 

health, safety, or welfare (section 15269(b)) 

• maintenance dredging where the spoil is deposited in a spoil area 

authorized by all applicable state and federal regulatory agencies 

(section 15304 (g)) 

• repair, maintenance or minor alteration of existing public structures that 

involve negligible or no expansion of an existing use (section 15301) 
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Several specific types of CEQA documents can be adopted or certified, but 

the primary general types are the Negative Declaration (ND) or Mitigated 

Negative Declaration (MND) and the Environmental Impact Report (EIR). 

An ND or MND is prepared when there is no substantial evidence that a 

significant impact may occur, which, in the case of an MND, is determined 

after revisions to a project (e.g., mitigation measures). An EIR is prepared 

when it may be fairly argued that, based on substantial evidence, a project 

may have a significant environmental effect. 

An EIR may be prepared for a plan, policy, or program (e.g., a Program 

EIR (PEIR)) or for a specific project. When prepared for a plan, policy, or 

program, the level of detail in the EIR can correspond to the degree of 

specificity involved in the underlying activity. An EIR on a construction 

project will necessarily be more detailed about the specific effects of the 

project than will an EIR on the adoption of a plan or policy. An EIR on the 

adoption or amendment of a plan, policy, or program should focus on the 

secondary effects that can be expected to follow from the adoption or 

amendment, but need not be as detailed as an EIR on specific construction 

projects that might follow. A subsequent ND/MND or EIR would address 

environmental impacts specific to the individual projects implemented as 

part of the plan, policy, or program. In some cases, if the project specific 

impacts and effects are adequately described and are entirely within the 

scope of and addressed by an EIR for a plan, policy, or program, no 

additional ND/MND or EIR is required.  This multilayered approach to 

CEQA compliance is referred to as tiering, and results in a more efficient 

CEQA process because CEQA review for projects tiering from a certified 

EIR can be limited to issues not sufficiently evaluated in the “first-tier” 

document. 

A PEIR or Master EIR could be an appropriate CEQA document for some 

flood management actions. The PEIR or Master EIR would guide and 

inform preparation of the appropriate subsequent CEQA documents that 

would identify the scope of projects and probable environmental impacts 

associated with proposed maintenance and habitat restoration activities, as 

well as the aggregate and cumulative impact of the project to the extent that 

these impacts can be defined and are not speculative. In addition to 

providing CEQA coverage for 401 certification, LSAA, ITP, Master Lease, 

and NPDES permits, issuing such a CEQA document would provide an 

avenue for integrating management of cultural resources required for 

section 106 of the National Historic Preservation Act (NHPA) and would 

address potential program-level impacts to State-listed species, water 

quality, and lands within the extended Systemwide Planning Area. 
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4.2.1 California Department of Fish and Game 

This section summarizes the regulatory mechanisms that could be used by 

DFG to provide programmatic authorizations for flood management 

activities.  Under section 1600 of the California Fish and Game Code, these 

mechanisms include a Master LSAA, a Long-Term LSAA, or an RMA. 

Though not discussed in the 1600 code, a Memorandum of Understanding 

(MOU) or a Memorandum of Agreement (MOA) between DFG and DWR 

can also be used to increase the efficiency for compliance under section 

1600. Thus, this approach is also described below. Other regulatory 

mechanisms described include an ITP, consistency determination (only 

applicable where state-listed species are not present, or covered by the 

USFWS BO) or NCCP pursuant to California Fish and Game Code section 

2081(b) and 2081(c) and CCR 14(6)(1); and Safe Harbor Agreements 

(SHA) pursuant to section 2089.2 of the California Fish and Game Code. 

Lake and Streambed Alteration Agreement 

Section 1600 of the California Fish and Game Code requires notification to 

DFG before conducting activities that will substantially obstruct or divert 

the natural flow of State waters; substantially change or use materials from 

a bed, bank, or channel; or deposit materials into a river, stream, or lake. 

Potential mechanisms for authorizing DWR’s flood management activities 

under section 1600 include development of a Master LSAA, a Long-Term 

LSAA, an MOU or MOA between DFG and DWR. 

Yard efforts for the limited levees of the State-maintained areas in the 

Sacramento Basin, include a 2006 MOU between DFG and the Division of 

Flood Management of DWR for maintenance of State-maintained flood 

control projects in the Sacramento River and Feather River Wildlife Areas 

(DFG and DWR 2006) and a Streambed Alteration Agreement for routine 

maintenance of flood control projects by the DWR Sacramento and Sutter 

Maintenance Yards (RMA) that became effective on January 6, 2011 (DFG 

2011). There are no State-maintained areas in the San Joaquin Basin. The 

2011 RMA (the RMA is a type of MOA) requires that DWR provide 

detailed notification to DFG prior to conducting routing maintenance so 

that DFG can confirm that the work does not adversely affect fish and 

wildlife resources, and is covered under the RMA. Additionally, an annual 

report is submitted to DFG summarizing the work completed that year. An 

MOU or MOA could be used to increase the efficiency of the process for 

CVFPP compliance with section 1602 of the California Fish and Game 

Code using the current routine maintenance LSAA as a reference. 

Another vehicle for flood management activities to comply with section 

1602 would be a Master LSAA. Under this type of agreement, DFG would 

maintain authority over the LSAA process and be notified prior to the 
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beginning of a new project under the agreement. A Master LSAA allows 

DFG to assess the potential impacts of a project on a case-by-case basis and 

determine the specific avoidance and minimization measures for the 

species that may be present in the location of the project. In addition, 

conditions may change on an annual basis, such as occupation by nesting 

raptors that were previously absent from a project area. It also allows DFG 

to regularly ensure that conditions of the Master LSAA are being 

implemented. 

DFG jurisdiction is divided into seven regions that cover portion of the 

State. The SPA covers four of these regions and, therefore, will have 

varying avoidance and minimization measures depending on the region. 

With DFG maintaining authority over issuing project specific LSAA's 

under a Master LSAA, each region affected by a particular project, will be 

able to include avoidance and minimization measures that are applicable 

for their specific area. 

The timeline for executing a Master LSAA, a Long-Term LSAA, an RMA, 

or an MOU or MOA between DFG and DWR is difficult to anticipate, but 

can be roughly estimated to take approximately 12 months to 18 months, 

depending on DFG and DWR workloads. 

Executing a California Fish and Game Code section 1602 authorization 

mechanism would require certification of CEQA compliance; DFG would 

be a responsible agency for CEQA compliance. In acting on issuing a 

section 1600 authorization, DFG would rely on the CEQA document to 

prepare and issue its own findings regarding the project, and to decide 

whether or not to grant section 1600 authorization. 

California Endangered Species Act 

The California Endangered Species Act (CESA) prohibits activities that 

will result in “take” of State-listed and candidate species without prior DFG 

authorization through an ITP. Section 86 of the California Fish and Game 

Code defines “take” as the act or attempt to “hunt, pursue, catch, capture, 

or kill or attempt to hunt, pursue, catch, capture, or kill.” DFG may 

authorize take of State-listed and candidate species through the issuance of 

an ITP, pursuant to California Fish and Game Code section 2081(b) and 

2081(c) and CCR 14(6)(1). 

A 2081(b) permit will authorize take that is incidental to an otherwise 

lawful activity as long as the impacts of the authorized take are minimized 

and fully mitigated. Measures to minimize and fully mitigate impacts must  

(1) be roughly proportional in extent when compared to the impact of the 

take on the species, (2) maintain the applicant’s objectives to the greatest 



4.0 Summary of Possible Regulatory Tools to 
Provide Programmatic/Regional Authorizations 

January 2012 4-11 
Public Draft 

extent possible, (3) be capable of successful implementation, and (4) have 

adequate funding to implement and monitor compliance. 

DFG has 30 days to determine whether a 2081(b) permit application is 

complete. DFG then has another 90 to 120 days (depending on whether 

DFG is a responsible or lead agency under CEQA) to complete a 

substantive review of the permit application; these time frames are 

extendable for 150 days (if DFG is responsible agency) to 180 days (if 

DFG is a lead agency) with written notice. However, these times frames are 

discretionary. If DFG does not act within this time frame, CESA’s take 

prohibition is not suspended, and proposed permits do not become effective 

by operation of law. 

CESA compliance may also be obtained through the use of Consistency 

Determinations. Consistency Determinations can only be used for species 

that are listed under the ESA and CESA, and cannot be extended to species 

that are listed by the State but are not afforded protection under the federal 

ESA.  California Fish and Game Code section 2080.1 states the 

requirements and procedures for a 2080.1 Consistency Determination. A 

Consistency Determination may be obtained from DFG when a BO has 

been issued by USFWS and/or NMFS pursuant to an ESA section 7 

consultation (incidental take statement) or ESA section 10(a) incidental 

take permit. DFG must determine that the conditions specified in the 

federal incidental take statement or permit are consistent with CESA for 

species that are listed under both the ESA and CESA. If it is determined 

that the federal incidental take statement or permit is not sufficient for 

compliance with CESA, then a State ITP under section 2081(b) of the 

California Fish and Game Code may be required. An ITP may also be 

obtained through an NCCP provided that both the species and the activity 

are covered by the NCCP (see Natural Community Conservation Planning 

below). 

Because BOs issued by USFWS and/or NMFS do not allow DFG to add 

conditions to a federal incidental take statement/permit and BO, 2081(b) 

permits are often preferable to 2080.1 Consistency Determinations. 

However, if interagency coordination is effective and DFG can work with 

USFWS to provide input to the content of the BO, a consistency 

determination is both effective and efficient for DFG. 

DFG must make determination as to consistency within 30 days of receipt 

of written request and copy of federal authorization or “no further 

authorization of approval is necessary” under CESA (California Fish and 

Game Code 2080.1(c)). A consistency determination is automatically 

repealed if there is an amendment to the federal permit that “alters the 
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requirement for issuing an incidental take statement or incidental take 

permit, as applicable” (section 2080.1(e)). 

Protection of Bird Nests, Eggs, and Birds of Prey 

Under California Department of Fish and Game Code sections 3503 and 

3503.5, it is unlawful to take, possess, or needlessly destroy the nest or 

eggs of any bird, or take possess or destroy any birds in the orders 

Falconiformes or Strigiformes (birds of prey) or to take, possess, or destroy 

the nest or eggs of any such bird. DFG frequently includes conditions in an 

LSAA or suggests specific language for a CEQA document to protect bird 

nests, eggs, and birds of prey. This usually includes avoidance and 

minimization measures, including work windows for tree and shrub 

removal and maintaining disturbance buffers to protect all nesting raptors 

and birds, including western burrowing owl. 

Natural Community Conservation Planning 

DFG administrates the NCCP program, pursuant to sections 2800-2835 of 

the California Fish and Game Code, with the primary objective of 

conserving natural communities at the ecosystem level while 

accommodating compatible land use. DFG may issue an ITP authorizing 

the take of species covered in an NCCP, pursuant to section 2835 of the 

NCCP Act of 2003. 

As mentioned previously, DFG works with local governments and other 

applicants to develop NCCPs jointly with USFWS HCPs (see above) to 

provide one planning process and document. In some cases, local 

government decides not to pursue the higher conservation standard of 

NCCP and works with DFG to provide a State regional ITP to accompany 

the federal HCP. Thus, not all HCPs comply with NCCP standards. The 

NCCP development and permit processing phases do not have statutory 

time frames but can be roughly estimated as taking 1 year to 5 years in the 

Sacramento region to complete. 

Safe Harbor Agreements 

DFG operates the Safe Harbor Agreement Program pursuant to section 

2089.2 of the California Fish and Game Code. The program is similar to 

the federal SHA program and encourages landowners to enhance habitat 

for threatened and endangered wildlife while providing incidental take 

coverage. Because DFG has issued few SHAs, it is difficult to provide a 

timeline for approval. The State SHA program has the same limitations for 

use by DWR as described above under the Federal SHA in Section 4.1.2 

“U.S. Fish and Wildlife Service and National Marine Fisheries Service.” 

Only the landowner, not an easement holder, can initiate an SHA. 
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4.2.2 Central Valley Regional Water Quality Control 
Board 

This section summarizes the regulatory mechanisms that could be used by 

the RWQCB to provide programmatic authorizations for flood 

management activities that entail a federal action, such as issuance of a 

federal permit under section 404 of the CWA, and provides details 

regarding issuance of water quality certifications under section 401 of the 

Clean Water Act (CWA). 

Clean Water Act Section 401 

Applicants seeking a federal permit under section 404 of the CWA must 

also obtain a Water Quality Certification from RWQCB in accordance with 

section 401 of the Clean Water Act. In California, the U.S. Environmental 

Protection Agency (EPA) has delegated authority to the RWQCBs to issue 

401 Water Quality Certifications. A section 401 Water Quality 

Certification of the 404 programmatic permit would provide another level 

of streamlining for flood management activities. However, if the 404 

permit is not certified under section 401, each maintenance and restoration 

project carried out under the 404 permit would require separate section 401 

certification before initiation of project activities. 

The RWQCB could develop a 401 Water Quality Certification to authorize 

flood management activities under section 401 of the CWA concurrently 

with USACE’s programmatic 404 permit. Issuance of the 401 Water 

Quality Certification would require adoption of a final CEQA document. 

The RWQCB or SWRCB would be a responsible agency under CEQA. In 

acting on issuance of the 401 certification, the RWQCB or SWRCB would 

rely on the CEQA document to prepare and issue its own findings 

regarding the project, and to then decide whether or not to issue a Water 

Quality Certification. A draft 401 certification would be circulated for 30 

days to 60 days for public review and comment. An additional 60 days may 

be required to schedule an RWQCB meeting, if necessary. The 401 

Certification would likely be effective for 5 years and may be renewed at 

the RWQCB or SWRCB’s discretion concurrent with renewal of the 404 

permit. 

Time frames for 401Water Quality Certification vary but would be 

anticipated to coincide with the associated USACE 404 permit processing 

timelines. 

4.2.3 State Historic Preservation Officer 

This section summarizes the regulatory mechanisms that could be used by 

SHPO to provide programmatic authorizations for flood management 
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activities under section 106 of the NHPA. Programmatic authorization can 

be accomplished through a Programmatic Agreement (PA) using the 

process defined in 36 CFR Part 800.14 in consultation with USACE and is 

described in more detail below. 

National Historic Preservation Act Section 106 

For compliance with this federal act, the identification of historic resources 

and effects on historic resources by federal lead agencies is reviewed by the 

SHPO. Section 106 of the NHPA requires federal agencies to take into 

account the effects of their undertakings on historic properties, and afford 

the Advisory Council on Historic Preservation a reasonable opportunity to 

comment. USACE must comply with section 106 of the NHPA to issue a 

404 permit, because this federal action constitutes an undertaking within 

the meaning of the implementing regulations for section 106 (Title 36, CFR 

Part 800.16(y)). 

For the some flood management activities, USACE and the SHPO could 

execute a PA using the process defined in 36 CFR Part 800.14 to satisfy 

compliance with section 106. This process allows deferred identification 

and management of cultural resources under an agreement document (36 

CFR Part 800.4(b)(2)). On execution (signing and approval) of the PA by 

the consulting parties, section 106 is deemed complete for the purpose of 

permits and authorizations dependent on the section 106 process (36 CFR 

Part 800.14(b)(2)(iii)). Therefore, execution of the programmatic 

agreement satisfies section 106 sufficiently to allow USACE to issue a 404 

permit for a project and allows DWR and USACE to defer identification 

and management of historic properties until specific sites require 

maintenance or habitat restoration. 

The PA would provide a process for performing an inventory of cultural 

resources at maintenance and restoration sites as they are identified, 

evaluating those resources, and resolving adverse effects on significant 

resources (historic properties). The Native American Heritage Commission, 

local Native American tribes, and the interested public (such as local 

historic preservation organizations) shall be consulted with to assist with 

cultural resources inventory and development of the PA. Coordination with 

other federal agencies providing permits and authorizations for the project 

would be performed so that the PA identifies these other undertakings, 

providing a unified compliance framework for section 106 for the project. 

The PA would be valid for 5 years and could be renewed at the discretion 

of USACE and the SHPO concurrent with renewal of the 404 permit. 

Time frames for PA development vary depending on the level of agency 

and tribal coordination required but can generally be expected to be 

completed in 6 months to 2 years. 
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4.2.4 Central Valley Flood Protection Board 

The Board has authority to enforce standards for the construction, 

maintenance, and protection of adopted flood control plans that will best 

protect the public from floods. These standards apply to the erection, 

maintenance, and operation of levees, channels, and other flood control 

works within its jurisdiction, including but not limited to standards for 

encroachments, construction, vegetation, and erosion control measures. The 

jurisdiction of the Board includes public and private lands protected by 

federal flood control works in the Sacramento and San Joaquin Drainage 

District.  

A Board permit is required prior to starting the work within the Board’s 

jurisdiction for the following: 

The placement, construction, reconstruction, removal, or 

abandonment of any landscaping, culvert, bridge, conduit, fence, 

projection, fill, embankment, building, structure, obstruction, 

encroachment or works of any kind, and including the planting, 

excavation, or removal of vegetation, and any repair or 

maintenance that involves cutting into the levee, wholly or in part 

within any area for which there is an adopted plan of flood control, 

must be approved by the board prior to commencement of work 

(CCR section 6). 

Furthermore, restoration activities such as the installation of plants would 

be subject to, but not limited to, the following: 

Any vegetation which interferes with the successful execution, 

functioning, maintenance or operation of the adopted plan of flood 

control, must be removed. If the owner does not remove such 

vegetation upon request, Board reserves the right to have the 

vegetation removed at the owner’s expense (CCR section 131 (d)). 

Vegetation and vegetation maintenance standards for floodways and 

bypasses includes but is not limited to the following: 

Invasive or difficult-to-control vegetation, whether naturally 

occurring or planted, that impedes or misdirects floodflows is not 

permitted to remain on a berm or within the floodway or bypass; 

The board may require clearing and/or pruning of trees and shrubs 

planted within floodways in order to minimize obstruction of 

floodflows; 
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Trees and brush that have been cut down must be burned or 

removed from the floodway prior to the flood season (CCR section 

131(g)). 

The state strategy to manage levee vegetation consistent with these and 

other CVFPB regulations is a component of the CVFPP. 

As part of the permit application, the CVFPB requires documentation 

demonstrating that any downstream impacts (e.g., rise in water surface 

elevation) have been eliminated, and that no water rights are severed as a 

result of project construction. The Board has considered encroachment 

permit applications for projects in the context of a program. The permit 

application and Title 23 CCR can be found on the Central Valley Flood 

Protection Board’s website (http://www.cvfpb.ca.gov/). 

4.2.5 California State Lands Commission 

The State Lands Commission (SLC) has jurisdiction and management 

control over certain public lands of the State that were received by the State 

from the United States. When California became a state in 1850, it acquired 

approximately 4 million acres of land underlying its navigable and tidal 

waterways. Known as sovereign lands, these lands include the beds of 

California’s navigable rivers, lakes, and streams, as well as the State’s tidal 

and submerged lands along the State’s more than 1,100 miles of coastline 

and offshore islands, from the mean high tide line to 3 nautical miles 

offshore. 

Issuance by the SLC of any lease, permit, or other entitlement for use of 

State lands is reviewed for compliance with the provisions of CEQA. 

Additionally, if the application involves lands found to contain “Significant 

Environmental Values” within the meaning of Public Resources Code 

section 6370 et seq., consistency of the proposed use with the identified 

values must also be determined through the CEQA review process. 

Pursuant to its regulations, SLC may not issue a lease for use of 

“Significant Lands” if such proposed use is detrimental to the identified 

values. 

Mechanisms available to increase the efficiency of obtaining SLC leases 

for flood management activities may include development of a 

maintenance MOU or of a long-term lease or Master Lease. DWR has an 

existing Master Lease with SLC that may be expandable to include 

proposed routine maintenance and restoration activities associated with 

flood management. The lease application process generally takes 3 to 6 

months, and an approved CEQA document is required before lease 

issuance. 
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4.3 Memoranda of Understanding and 
Memoranda of Agreement to Support 
Regulatory Compliance 

In addition to single-agency MOUs and MOAs that may be used to provide 

mechanisms to support programmatic authorization as described above, 

MOUs and MOAs have been used in the Sacramento area as an effective 

means of formally documenting interagency understandings and 

approaches to mutually manage, restore, and enhance lands that contain 

facilities that are both maintained for flood protection purposes, and 

managed for fish, wildlife, and plants. These MOUs confirm the agencies’ 

approach to authorization strategies for ongoing flood facilities 

maintenance in a collaborative manner that both provides adequate 

protection for sensitive aquatic resources, sensitive habitats, and listed 

species, and minimizes flood-related risks to public safety. Importantly, 

these MOUs clarify the agencies’ understandings regarding the resolution 

of land management issues in areas where the maintenance and 

management responsibilities of the agencies overlap. It is anticipated that 

agencies with regulatory authority over flood management activities could 

also use MOUs or MOAs as mechanisms to facilitate programmatic 

management and authorization strategies. 
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5.0 Linkage with Other Regional 
Permitting Efforts and Current 
Activities 

Implementation of flood management activities considered by the CVFPP 

and the linked Central Valley Flood System Conservation Strategy would 

take place in a region that already contains several programmatic 

permitting and planning efforts. DWR is evaluating these efforts to identify 

opportunities for collaboration and to avoid unnecessary duplication of 

effort. 

Current DWR programmatic permitting and planning efforts that are in 

progress include the following: 

• Emergency Repairs MOU 

• Small Erosion Repair Program (SERP)  

• Regional Advance Mitigation Program (RAMP) 

• Lower Feather River CMP 

The following NCCPs and HCPS overlap with the SPA: 

• Approved HCPs and HCP/NCCPs 

- East Contra Costa County HCP/NCCP 

- Natomas Regional HCP 

- San Joaquin County Regional HCP 

- South Sacramento HCP 

• HCPs and HCP/NCCPs under development 

- Bay Delta Conservation Plan HCP/NCCP 

- Butte County HCP/NCCP 

- Placer County Conservation Plan, HCP/NCCP 

- Yolo Natural Heritage Program HCP/NCCP 

- Yuba and Sutter Counties HCP/NCCP 

- Solano County HCP 
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6.0 Other Potentially Applicable 
Regulations for Which 
Programmatic Authorization 
May or May Not Be Available 

In addition to obtaining permits under the programs listed previously, 

future projects also need to comply with other permitting requirements, 

including those listed below. 

6.1 Federal Authorizations 

Federal authorizations for which programmatic permitting mechanisms 

may be available only for flood management activities having a federal 

nexus include the following: 

• Fish and Wildlife Coordination Act 

• Magnuson-Stevens Fishery Conservation and Management Act for 

Essential Fish Habitat 

• Marine Mammal Protection Act 

• Migratory Bird Treaty Act 

• Bald and Golden Eagle Protection Act 

• Wild and Scenic Rivers Act 

Federal authorizations for which programmatic permitting mechanisms 

may not be available include the following: 

• Section 408 authorization for modification of the federal levee system 

6.2 State Authorizations 

Based on review of the regulations and preliminary conversations with 

agency staff, state authorizations for which programmatic permitting 

mechanisms may not be available for flood management activities include 

the following: 
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• Clean Water Act section 402 – Permit authority delegated to the Central 

Valley RWQCB 

• Porter Cologne Water Quality Control Act 

• California Department of Conservation and Surface Mining and 

Reclamation Act 

• California Wild and Scenic River Act 

• Encroachment permits from the CVFPB 

6.3 Local Authorizations 

Local authorizations for which it is uncertain whether programmatic 

permitting mechanisms may be available for flood management activities 

include the following: 

• Grading permits 

• Tree removal permits 

However, flood management projects undertaken by federal or state entities 

will generally not be subject to local authorizations. 
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8.0 Acronyms and Abbreviations 

Board ........................ Central Valley Flood Protection Board 

CCR .......................... California Code of Regulations 

CEQA ........................ California Environmental Quality Act 

CESA ........................ California Endangered Species Act 

CFR ........................... Code of Federal Regulations 

CMP .......................... Corridor Management Plan 

CVFPP ...................... Central Valley Flood Protection Plan 

CWA .......................... Clean Water Act 

DFG .......................... California Department of Fish and Game 

DWR ......................... California Department of Water Resources 

EA ............................. Environmental Assessment 

EIR ............................ Environmental Impact Report 

EIS ............................ Environmental Impact Statement 

EPA ........................... U.S. Environmental Protection Agency 

ESA ........................... Endangered Species Act 

FONSI ....................... Finding of No Significant Impact 

HCP .......................... Habitat Conservation Plan 

ITP ............................ Incidental Take Permit 

LSAA ......................... Lake and Streambed Alteration Agreement 

MND .......................... Mitigated Negative Declaration 

MOA .......................... Memorandum of Agreement 

MOU .......................... Memorandum of Understanding 

NCCP ........................ Natural Community Conservation Plan 

ND ............................. Negative Declaration 

NEPA ........................ National Environmental Policy Act 

NHPA ........................ National Historic Preservation Act 

NMFS ........................ National Marine Fisheries Service 

NPDES ...................... National Pollutant Discharge Elimination System 

ORA .......................... other regulatory authority 
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PA ............................. Programmatic Agreement 

PBO .......................... Programmatic Biological Opinion 

PEIR .......................... Programmatic Environmental Impact Report 

PGP .......................... Programmatic General Permit 

PSAA ........................ Programmatic Streambed Alteration Agreement 

RAMP ........................ Regional Advance Mitigation Planning 

RGP .......................... Regional General Permit 

RHA .......................... Rivers and Harbors Act of 1899 

RMA .......................... Routine Maintenance Agreement 

ROD .......................... Record of Decision 

RWQCB .................... Regional Water Quality Control Board 

SAA ........................... Streambed Alteration Agreement 

SERP ........................ Small Erosion Repair Program 

SHA ........................... Safe Harbor Agreement 

SHPO ........................ State Historic Preservation Officer 

SLC ........................... California State Lands Commission 

SPA ........................... Systemwide Planning Area 

SPFC ........................ State Plan of Flood Control 

State .......................... State of California 

SWRCB ..................... State Water Resources Control Board 

USACE ...................... U.S. Army Corps of Engineers 

USC .......................... United States Code 

USFWS ..................... U.S. Fish and Wildlife Service 
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