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 Preface 

Preface 

What is the Regional Conditions Report – A Working Document? 

The Regional Conditions Report – A Working Document (RCR) is a reference document to be 
used in the development of the Central Valley Flood Protection Plan (CVFPP).  The purpose of the 
RCR is to define existing 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.  This detailed, interim report is being made 
available to the public, partners, and interested parties to help verify that State, federal, tribal, 
local, regional, and other perspectives have been recognized and applied appropriately to the 
development of the 2012 CVFPP. 

How was the RCR Developed? 

The RCR was developed with the support of a robust outreach effort aimed to integrate study 
partners and interested parties in a planning process that is open and transparent. Much of the 
information in the RCR has been compiled using existing and available sources and with the 
assistance and input from working groups composed of members of the public, representatives 
from numerous flood and related interest groups, and subject-matter experts.  These included 
Regional Conditions work groups in five geographic regions (Upper Sacramento, Lower 
Sacramento, Delta, Lower San Joaquin, and Upper San Joaquin), Topic work groups composed of 
subject-matter experts (climate change, environmental stewardship, levee performance, and 
operations and maintenance (O&M)), and a Joint Subcommittee on agricultural stewardship.  The 
information gathered reflects the regional and local conditions and resource areas that participants 
considered to be important to the CVFPP. 

How Will the RCR be Used? 

The RCR serves as a technical foundation for CVFPP development. It provides work group 
participants, the general public, and California Department of Water Resources (DWR) with a 
comprehensive, detailed characterization of the planning setting from which problems are 
identified, goals are developed, and actions will be formulated for recommendation in the CVFPP. 
The reader can research existing and likely future conditions in further detail, survey various 
viewpoints on the multifaceted, flood-related issues facing the Central Valley, and compare the 
goals, principles, and objectives that will guide future CVFPP development. Information in the 
RCR will be updated and refined over time, as the CVFPP is developed.  Information presented in 
the RCR will also be used to complete an environmental baseline for programmatic California 

March 2010 i 



2012 Central Valley Flood Protection Plan 
Regional Conditions Report – A Working Document 

Environmental Quality Act (CEQA) compliance analysis, and be incorporated into appropriate 
technical reference documents to the 2012 CVFPP. 

How is the RCR Organized? 

The RCR contains nine chapters: 

• Chapter 1 (Introduction) introduces the RCR and provides detailed background information 
on FloodSAFE California (FloodSAFE), the Central Valley Flood Management Planning 
(CVFMP) Program, CVFPP authority and guidance, the development process of the 2012 
CVFPP, including a description of the CVFPP planning areas. 

• Chapter 2 (Planning Area Description) further details the planning areas and characterizes 
existing and likely future flood management and related resource conditions in the Central 
Valley.  Chapter 2 describes: 

- Existing physical conditions, infrastructure, biological conditions, social and economic 
conditions, cultural resources, institutions, and emergency planning, response, and 
recovery. Conditions were primarily characterized by river basin, but included a variety of 
geographic scales (regional, river reach, habitat, county, etc.) according to information 
availability. 

- Likely future conditions, including key drivers and influencing factors, and likely changes 
in conditions through 2050. 

- Pending projects and programs that might influence flood conditions in the future. 

• Chapter 3 (Problems and Opportunities) describes flood management-related problems and 
associated opportunities from the perspectives of State, federal, tribal, regional, local, and other 
interests. These problems and opportunities provide the common focal point for people to 
come together and engage in the planning process. A wide range of contributing factors to 
flood problems were synthesized into five broad categories (1) risks and consequences of 
flooding, (2) O&M, (3) ecosystem, (4) policy and institutional, and (5) integrated water 
management. Summary tables provide a graphical representation of how the contributing 
factors vary from region to region. 

• Chapter 4 (Goals and Principles) describes the identified goals and principles for the 2012 
CVFPP. These goals provide clarity on how the CVFPP will address the defined problems and 
opportunities and contribute to the overarching FloodSAFE California (FloodSAFE) goals. 
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. 
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• Chapter 5 (Initial Draft Objectives) describes the initial draft objectives for the 2012 CVFPP 
identified to date.  Objectives serve as a means of measuring success in achieving those 
CVFPP goals over time. 

• Chapter 6 (References) lists sources referenced in preparation of the RCR. 

• Chapter 7 (Acronyms and Abbreviations) provides an acronyms and abbreviations list. 

• Chapter 8 (Glossary) provides definitions to key terms used in the RCR. 

• Chapter 9 (Acknowledgements) acknowledges DWR staff, work group participants, and the 
consultant team. 
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1.0 Introduction 

 

The California Department of Water Resources (DWR) is required to 
prepare a sustainable,1 integrated flood management2 plan called the 
Central Valley Flood Protection Plan (CVFPP) by January 1, 2012, for 
adoption by the Reclamation Board (now the Central Valley Flood 
Protection Board) (Board) by July 1, 2012.  The CVFPP is to provide a 
systemwide approach to protecting lands currently protected from flooding 
by existing facilities of the State Plan of Flood Control3,4 (SPFC), and will 
be updated every 5 years thereafter. 

 
 

 
 

This Regional Conditions Report – A Working Document (RCR) presents 
information and findings from the first phase of the CVFPP planning 
process: existing conditions and likely future challenges, problems and 
opportunities, and goals and objectives.  A companion document to this 
report, the Interim Progress Summary No. 1, presents an abbreviated 
summary of key findings and outcomes. 

 
 

 

 

 
 

 
 

 
 

 
 

 

                                                           
1 A project is considered “sustainable” when it is socially, environmentally, and financially 

feasible for an enduring period. 
2 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, Draft FloodSAFE Strategic Plan, 2008a). 

3 California Water Code Section 8523 defines 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 of flood control 
projects in the Sacramento River and San Joaquin River watersheds (river basins) for 
which the Board or DWR has provided the assurances, and of those facilities identified in 
CWC Section 8361. 

4 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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1.1 Background 

Major flooding throughout the Central Valley of California has been 
documented since the mid-1800s, prompting various planning efforts by 
local, State of California (State), and federal entities over the last century.  
These efforts have resulted in the construction of flood management 
features and systems throughout the Central Valley.  Despite these 
activities, damages from flooding in February 1986, March 1995, and 
January 1997 were the highest on record, shedding light on the 
susceptibility of the Central Valley and its growing communities to 
catastrophic flooding.  The devastation and loss of life resulting from 
Hurricane Katrina in 2005 further raised public awareness of the potential 
for catastrophic storm events throughout the nation.  In response, California 
voters passed the Disaster Preparedness and Flood Prevention Bond Act 
(Proposition 1E) and the Safe Drinking Water, Water Quality and Supply, 
Flood Control, River and Coastal Protection Bond Act (Proposition 84) in 
November 2006, providing nearly a combined $5 billion in State funding 
for flood management and related improvements. 

In the latter part of 2007, the California Legislature passed five interrelated 
bills aimed at addressing the problems of flood protection and liability, 
Senate Bill (SB) 5, SB 17, Assembly Bill (AB) 5, AB 70, and AB 156.  AB 
162, another flood-related bill, passed in 2007 and requires additional 
consideration of flood risk within 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 Code (CWC), and included specific 
requirements for development of the CVFPP. 
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DWR and the Board provide leadership and work with local, regional, 
State, federal, and tribal officials to improve flood management and 
emergency response systems throughout California, consistent with 
legislative direction.  DWR is also investing the funds provided by 
Propositions 1E and 84 to reduce potential flood damages within the next 
10 years.  This work is being managed by DWR under FloodSAFE 
California5 (FloodSAFE). 

The Central Valley Flood Management Planning (CVFMP) Program is one 
of several programs being managed within FloodSAFE, and addresses 
flood-related planning activities that require State leadership and 
participation within the Central Valley.  Preparation of the CVFPP is one of 
several related projects and activities that will be completed under the 
CVFMP Program.  More information on the interrelationships between the 
CVFMP and other FloodSAFE projects can be found at the CVFMP 
website (http://www.water.ca.gov/cvfmp). 

 
5  DWR’s multifaceted initiative launched in 2006 to improve public safety through 

integrated flood management and reduce potential flood damages in the state’s highest 
risk areas. Although led at the State level and initially funded by Proposition 1E and 84 
bond money, FloodSAFE implementation relies on the cooperation and assistance of 
federal partners, tribal entities, local sponsors, and other stakeholders. 
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1.2 FloodSAFE Vision, Goals, and Objectives 

FloodSAFE is an initiative to improve integrated flood management in 
California through a systemwide approach, while reducing flood risk at 
regional and local levels (DWR, 2010a).  The flood management 
improvements will, therefore, be achieved through three processes: 

• Improve basic flood management functions including Flood Emergency 
Response, Operations and Maintenance of the flood control facilities, 
management of the floodplains, fixing the erosion sites, and 
implementation of local projects. 

• Implement regional projects to reduce flood risks including “Early 
Implementation Projects” and implementation of U.S. Army Corps of 
Engineers (USACE) projects. 

• Adopt a systemwide approach in which broad system evaluation is 
conducted (i.e., map the floodplains and evaluate the conditions of the 
levees throughout the system) to determine flood system deficiencies 
and define feasible projects/programs to fix system deficiencies by 
developing a comprehensive systemwide flood protection plan for the 
Central Valley. 

The FloodSAFE Vision is as follows: 

A sustainable integrated flood management and emergency 
response system throughout California that improves public 
safety, protects and enhances environmental and cultural 
resources, and supports economic growth by reducing the 
probability of destructive floods, promoting beneficial 
floodplain processes, and lowering the damages caused by 
flooding. 

The FloodSAFE Program is a collaborative statewide effort designed to 
accomplish five broad goals: 

• Reduce the chance of flooding 
• Reduce consequences of flooding 
• Sustain economic growth 
• Protect and enhance ecosystems 
• Promote sustainability 

These goals provide over-arching guidance to all FloodSAFE efforts, 
including preparation of the CVFPP.
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1.3 Central Valley Flood Management Planning 
Program Goals and Objectives 

The goal of the CVFMP Program is to conduct, support, and improve 
integrated flood management planning to address risk and improve system 
performance in the Sacramento and San Joaquin valleys by (DWR, 2009k): 

1.
3 

• Creating a strong working partnership among USACE; the Board; 
DWR; local flood project maintaining agencies; resource agencies; and 
other State, federal, tribal, regional, or local flood protection interests. 

 
 

• Improving understanding among the Central Valley’s public agencies 
and constituent groups about flood risks by evaluating existing State-
federal flood management systems.  

• Fostering widespread participation in developing and building broad 
support for the CVFPP. 

 

• Developing a sustainable plan that addresses long-term maintenance 
costs and reduces conflicts among social, environmental, engineering, 
and financial interests. 

 
 

The CVFMP Program consists of two primary projects: SPFC and CVFPP. 

 

The SPFC effort will include preparation of the SPFC Descriptive 
Document and the Flood Control System Status Report. The SPFC 
Descriptive Document will inventory and describe the flood management 
facilities, land, programs, conditions, and mode of operations and 
maintenance (O&M) for the State-federal flood protection system in the 
Central Valley.  The Flood Control System Status Report will complement 
the SPFC Descriptive Document by providing an assessment and summary 
of performance for existing SPFC facilities. 
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1.4 CVFPP Authority and Guidance 

The following sections describe the authority and guidance for preparation 
of the CVFPP. 

1.4.1 State-Legislated Findings and Actions 
The Legislature signed SB 5 in 2007 requiring DWR to prepare the 
CVFPP.  SB 5 includes general guidance and requirements, plan content, 
and the process and timeline for plan development. In addition to SB 5, the 
Delta Protection Act also influences how the State will address resource 
challenges, including flood management, in the Legal Sacramento-San 
Joaquin Delta (Delta). Also, Propositions 84 and 1E provide both specific 
and general authority for State flood management efforts.  General 
guidance and requirements for the CVFPP are summarized below. To see 
the exact code language, note the corresponding section of CWC or PRC or 
refer to the 2007 Flood Legislation Summary and Reference Document 
(http://www.water.ca.gov/legislation/). 

CVFPP Requirements 
• The CVFPP will be a descriptive document, and neither the plan nor 

anything in this part will be construed to expand the liability of the 
State for the operation or maintenance of any flood management 
facility beyond the scope of the SPFC, except as specifically 
determined by the Board pursuant to CWC Section 9611. Neither the 
development nor the adoption of the CVFPP will 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 (CWC Section 9603(a)). 

• The CVFPP will reflect a systemwide approach to protecting the lands 
currently protected from flooding by existing facilities of the SPFC. 
Any flood protection benefits accruing to lands or communities outside 
the SPFC will be incidental and will 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 (CWC Section 
9603(b)). The different planning areas are discussed in Section 1.5.1. 

• The CVFPP, wherever feasible, will promote natural dynamic 
hydrologic and geomorphic processes; increase and improve the 
quantity, diversity, and connectivity of riparian, wetland, floodplain, 
and shaded riverine aquatic (SRA) habitats, including the agricultural 
and ecological values of these lands; and promote the recovery and 
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stability of native species populations and overall biotic community 
diversity (CWC Section 9616(a)). C
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• The CVFPP, wherever feasible, will identify opportunities and 
incentives for expanding or increasing use of floodway corridors (CWC 
Section 9616(a)). 

• DWR and the Board will investigate and evaluate the feasibility of 
potential bypasses or floodways that would significantly reduce the 
flood stage in the San Joaquin River watershed, upstream and south of 
Paradise Cut (CWC Section 9613(c)). 

1.
4.

1 

• In conjunction with the CVFPP, DWR will prepare an investment 
strategy to meet long-term flood protection needs and minimize State 
taxpayer liabilities from flooding (PRC Section 5096.820(b)(3), CWC 
Section 9620(c)). 

 
 

• The CVFPP should also help prioritize State investments and develop a 
long-term investment strategy (PRC Section 5096.820; CWC Section 
9616(b) and 9620(c)).  Upon the adoption of the CVFPP by the Board, 
DWR is directed to develop a recommended schedule and funding plan 
to implement the recommendations of the plan. To develop the 
recommended schedule and funding plan, DWR may collaborate with 
local and federal agencies. 

 
 

 

Funding of the CVFPP through Proposition 84 is available to DWR for the 
following flood control projects (PRC Section 75032):  

• The inspection and evaluation of the integrity and capability of existing 
flood control project facilities and the development of an economically 
viable flood control rehabilitation plan. 

 
 

• Improvement, construction, modification, and relocation of flood 
control levees, weirs, or bypasses including repair of critical bank and 
levee erosion.  

• Projects to improve DWR’s emergency response capability.  

• Environmental mitigation and infrastructure relocation costs related to 
projects under PRC Section 75032.  

• To the extent feasible, DWR shall implement a multiobjective 
management approach for floodplains that would include, but not be 
limited to, increased flood protection, ecosystem restoration, and 
farmland protection. 
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Funding of the CVFPP through Proposition 1E is available for the 
following purposes (PRC Section 5096.821): 

• The evaluation, repair, rehabilitation, reconstruction, or replacement of 
levees, weirs, bypasses, and facilities of the SPFC by all of the 
following actions: 

- Repairing erosion sites and removing sediment from channels or 
bypasses. 

- Evaluating and repairing levees and any other facilities of the 
SPFC. 

- Implementing mitigation measures for a project undertaken 
pursuant to this subdivision. The department may fund participation 
in a natural community conservation plan pursuant to Chapter 10 
(commencing with Section 2800) of Division 3 of the Fish and 
Game Code to facilitate projects authorized by this subdivision. 

• Improving or adding facilities to the SPFC to increase levels of flood 
prevention for urban areas, including all related costs for mitigation and 
infrastructure relocation. Funds made available by this subdivision may 
be expended for State financial participation in federal- and State-
authorized flood control projects, feasibility studies and design of 
federal flood damage reduction and related projects, and reservoir 
reoperation and groundwater flood storage projects. Not more than two 
hundred million dollars ($200,000,000) may be expended on a single 
project, excluding authorized flood control improvements to Folsom 
Dam. 

- To reduce the risk of levee failure in the Delta. 

- The funds made available for the purpose specified in paragraph (1) 
will be expended for both of the following purposes: 

o Local assistance under the Delta levee maintenance subventions 
program under Part 9 (commencing with Section 12980) of 
Division 6 of the CWC, as that part may be amended. 

o Special flood protection projects under Chapter 2 (commencing 
with Section12310) of Part 4.8 of Division 6 of the CWC, as 
that chapter may be amended.  
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Required CVFPP Content 
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The CVFPP shall include all of the following (CWC Section 9614): 

• A description of the Sacramento-San Joaquin River Flood Management 
System and the cities and counties included in the system. 

• 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. 

• A description of the facilities included in the SPFC, including all of the 
following: 

1.
4.

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. 

 
 

- The design capacity of each facility.  

- A description and evaluation of the performance of each facility, 
including the following: 

 

o An evaluation of failure risks due to each of the following:  

 Overtopping.  

 Under seepage and seepage. 

 

 Structural failure. 

 Other sources of risk, including seismic risks, that DWR or 
the Board determines are applicable. 

 

o 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. 

 
 

 

• A 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. 
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• A description of each existing levee and other flood management 
facility not described in subdivision (d) 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 an 
urban area. 

• 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. 

• An evaluation of the structural improvements and repairs necessary to 
bring each of the facilities of the SPFC 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. 

• The evaluation shall include a list of facilities recommended to be 
removed from the SPFC.  For each facility recommended for removal, 
the evaluation shall identify both of the following: 

- The reasons for proposing the removal of the facility from the 
SPFC. 

- Any additional recommended actions associated with removing the 
facility from the SPFC. 

• 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. 

• 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. 

Note that the SPFC Descriptive Document and the Flood Control System 
Status Report will provide much of the information and content for the first 
five elements described above.  The CVFPP will reference these 
companion documents. 

The CVFPP is also to incorporate multiobjective planning where feasible.  
CWC Section 9616 identifies the objectives to be achieved by the CVFPP, 
to the greatest extent possible: 
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• Reduce the risk to human life, health, and safety from flooding and 
protect public safety infrastructure. C

h.
 1

 
 

 
 

 

• Expand the capacity of the system to reduce flood flows or convey 
flood flows 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 to promote a better 
connection between State flood management and local land-use 
decisions. 1.

4.
1 

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

 
 

• Promote natural dynamic hydrologic and geomorphic processes. 

• Reduce damage from flooding.  

• Increase and improve the quantity, diversity, and connectivity of 
riparian, wetland, flood plain, and SRA habitats, including the 
agricultural and ecological value of these lands. 

 
 

• Minimize O&M requirements. 

 

• Promote the recovery and sustainability 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, long-term financing plan. 

 
• Identify opportunities for reservoir reoperation in conjunction with 

groundwater storage. 
 

The CVFPP will include the best available maps of 100- and 200-year 
floodplains protected by project levees (CWC Section 9610(a)). Updated 
maps are currently under development by the FloodSAFE Central Valley 
Floodplain Evaluation and Delineation (CVFED) Program. 
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Process and Timeline for CVFPP Development 
The process and timeline for plan development is: 

• On or before December 31, 2010, DWR will prepare a status report on 
the progress and development of the CVFPP. DWR will post this 
information on the Board’s Web site (http://www.cvfpb.ca.gov/), and 
make it available to the public (CWC Section 9610(c)). 

• DWR will prepare the CVFPP and will transmit the plan to the Board 
no later than January 1, 2012 (CWC Section 9612(b)). 

• DWR or the Board may appoint one or more advisory committees to 
assist in the preparation of the CVFPP. If DWR or the Board appoints 
one or more advisory committees, the advisory committee(s) will 
include representation by interested organizations (CWC Section 
9612(f)). 

• For the purposes of preparing the CVFPP, DWR will collaborate with 
U.S. Army Corps of Engineers (USACE) and the owners and operators 
of flood management facilities (CWC Section 9615). 

• DWR will collaborate with State and federal agencies, if appropriate, 
regarding multiobjective flood management strategies to improve long-
term system O&M and develop procedures to facilitate environmental 
permitting and resource protection (CWC Section 8590(e)). 

• Upon completion of the CVFPP, DWR may identify and propose to the 
Board additional structural and nonstructural facilities to be included in 
the SPFC, consistent with the CVFPP (CWC Section 9611 (c)). The 
Board may add those facilities to the SPFC based on a determination of 
the following: 

- Significant systemwide benefits for managing flood risks6 within 
the Sacramento-San Joaquin Valley 

- Protection of urban areas7 within the Sacramento-San Joaquin 
Valley 

 
6 A flood risk is defined as the probability of flooding combined with the damages that could 

result when flooding occurs. 
7 An urban area is defined as a developed area in which there are 10,000 residents or more 

(CGC Section 65007 (i)). 
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1.5 2012 CVFPP Purpose and Scope 

The purposes of the 2012 CVFPP, as established by SB 5, are as follows: 

• Promote understanding related to integrated flood management from 
State, federal, local, regional, tribal, and other perspectives 

• Create a broadly supported vision for improving integrated flood 
management in the Central Valley 

• Develop new data and information that can be shared for many 
purposes (i.e., hydrological data, levee evaluation reports) 

1.
5 

The scope of the 2012 CVFPP includes the following: 

• Define flood and related resources problems  

• Describe system, performance, and risks  

• Develop goals and objectives 

 

• Identify management actions for the following: 

- Repairing and improving flood protection 

 

- Implementing integrated flood management  

- Improving systemwide riverine ecosystem functions 

 

• Evaluate management actions for system improvement 

 

The CVFPP is to be updated every 5 years, with the first update completed 
in 2017. 
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1.5.1 CVFPP Planning Areas 
A planning area is the geographic area taken into consideration when 
formulating a plan.  There are two relevant geographic areas relevant to 
CVFPP Planning and development: 

• SPFC Planning Area (SPFCPA) 
• Systemwide Planning Area (SPA) 

Both planning areas are shown on Figure 1-1. The SPFCPA is the lands 
currently receiving protection from facilities of the SPFC. The State’s flood 
management liability is limited to the SPFCPA. The SPFCPA is best 
delineated by the Levee Flood Protection Zone (LFPZ) maps and the area 
protected by the only SPFC reservoir, Lake Oroville. 

The SPA is the geographic area that includes those lands that are protected 
from flooding under the current facilities and operation of the Sacramento-
San Joaquin River Flood Management System8.  The SPA is best 
delineated by the floodplain that could be affected directly or indirectly by 
the SPFC.  The SPFCPA is completely contained within the SPA. After the 
floodplain delineation work under the CVFED is finished, updated 
floodplains will be available for defining the SPA. 

                                                           
8 CWC Section 9611 defines the Sacramento-San Joaquin River Flood Management 

System as the system that includes the facilities of the State Plan of Flood Control, as 
amended, and 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 (where urban area herein is defined as “any contiguous area in which 
more than 10,000 residents are protected by project levees”). 
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Figure 1-1.  Geographic Scope of CVFPP 
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Until then, the SPA area is delineated through the combination of the 
following currently available information: 

• Sacramento and San Joaquin River Basins Comprehensive Study 
(Comprehensive Study) 500-year floodplain, with an update from the 
American River Economic Reevaluation Report. 

• Comprehensive Study’s 200-year floodplain along the Sacramento 
River from Redding to Red Bluff, which was prepared by DWR 
Northern District for the Comprehensive Study to supplement the 
floodplain information outside of the Comprehensive Study’s Unsteady 
flow through a NETwork of open channels (UNET) model. 

• Draft LFPZ maps, currently defined as the area that could be inundated 
should a project levee fail while flowing at maximum reasonable 
capacity.  (These inundation areas do not have a uniform flood 
frequency association.) 

• The Delta boundary. 

For the SPA (including the SPFCPA), the CVFPP will: 

• Describe the key components of the Sacramento-San Joaquin Flood 
Management System. 

• Identify and describe existing and future conditions, problems, 
opportunities, goals, principles, and objectives for the SPA that will 
guide the formulation, evaluation, and recommendation of potential 
solutions. This information developed for the SPA will serve as the 
problems, opportunities, goals, principles, and objectives for the 
CVFPP. 

• Identify all potentially useful management actions9 to address the goals 
and objectives for the CVFPP.  (Potential management actions can be 
physically located either within or outside the boundary of the SPA, but 
all management actions within the CVFPP will be designed to produce 
benefits within the SPA.) 

• Package and evaluate various sets of management actions that could 
help meet the goals and objectives of the CVFPP. 

                                                           
9 Management actions include all structural and non-structural activities or projects that 

could be taken to improve flood management within the designated planning area. 
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The Sacramento and San Joaquin river basins were also broken into five 
smaller planning regions, as shown on Figure 1-2, for the purposes of data 
collection and public engagement with partners and interested parties. 

C
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• Upper Sacramento River Region (the Sacramento River above the 
Fremont Weir, including the Sutter Bypass to its confluence with the 
Feather River) 

• Lower Sacramento River Region (the Feather River from its confluence 
with the Sutter Bypass and Sacramento River downstream from the 
Fremont Weir, including the Feather, Yuba, and American River 
watersheds) 

• Upper San Joaquin River Region (the San Joaquin River upstream from 
the Merced River confluence and includes the Merced River watershed)  

1.
5.
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• Lower San Joaquin River Region (the San Joaquin River downstream 
from the Merced River confluence)  

• The Delta region, which includes the legal Delta 
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Figure 1-2.  Planning Regions for Data Collection and Outreach 
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1.5.2 Approach and Organization 
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A comprehensive communications and engagement process with partners 
and interested parties has been implemented for use in each step of the 
CVFPP planning process to share and solicit information, generate plan 
content recommendations, promote feedback, and allow input from 
partners and the public.  This “bottom-up” approach to developing the 
CVFPP is intended to promote broad public understanding of flood 
management challenges and threats in the Central Valley, create 
opportunity for collaborative planning, and increase support for the plan 
through broad participation by partners. This approach is also intended to 
incorporate environmental stewardship and conservation planning into all 
aspects and stages of CVFPP development. 

DWR anticipates that the CVFPP planning process will use existing 
information, expert judgment, and new information, as available from other 
ongoing FloodSAFE efforts.  Significant inputs to the CVFPP will be 
provided by two related planning activities also being conducted under the 
CVFMP: (1) preparation of a Descriptive Document for the SPFC, and (2) 
preparation of a Flood Control System Status Report for the SPFC.  
Additional information will be provided by the CVFED, urban and 
nonurban levee evaluation programs, and other projects and programs 
being conducted under FloodSAFE.  Technical analyses to support the 
planning and engagement process will be performed primarily using 
existing and available tools and information. 

1.
5.
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Consistent with Executive Order S-13-08 and related State policies, the 
CVFPP will consider potential climate impacts from sea level rise, 
increased temperatures, changing location and timing of precipitation, and 
extreme weather events in developing the CVFPP.  In developing 
appropriate assumptions for incorporating climate change into flood 
management planning efforts, the project will coordinate closely with 
existing DWR technical teams evaluating the impacts of climate change on 
the State’s water resources. 

 
 

 
1.5.3 Supporting Studies and Reports  

Integrated flood management in the Central Valley has been studied 
extensively over the years. Many studies and reports have been published 
documenting the development of the flood management system and its 
associated O&M challenges, and flood management problems and 
opportunities in the Central Valley. The following are major recent studies 
and reports that address systemwide issues, and some of the major ongoing 
regional projects and programs. A detailed list of published reports and 
studies and ongoing projects and programs will be developed for reference 
to the 2012 CVFPP. 
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Flood Emergency Action Team 
Under initiatives outlined by the Governor’s Executive Order W-156-97, 
through the Governor’s Office of Emergency Services (OES), the Flood 
Emergency Action Team produced a number of emergency management 
documents.  These documents include Guidelines for Coordinating Flood 
Emergency Operations (OES, 1997a), Disaster Assistance Funding 
Guidance (OES, 1997b), Public Assistance Eligibility Guidelines for 
Floods (OES, 1997c), Protocol for Closure of Delta Waterways (OES, 
1997d), Memorandum of Understanding for Animal Care During Disasters 
(OES, 1997e), Emergency Plans for Mobile Home Parks (OES, 1997f), 
Flood Preparedness Guide for Levee Maintaining Agencies (OES, 1997g), 
and Legal Guidelines for Flood Evacuation (OES, 1997h). These 
documents provide guidance to local agencies during flood emergencies 
and are maintained by the California Emergency Management Agency 
(CalEMA), the successor to OES. 

FloodSAFE Strategic Plan 
The draft FloodSAFE Strategic Plan (DWR, 2008a) outlines a shared 
vision of what will be accomplished through the FloodSAFE Initiative and 
describes an implementation approach that can bring about desired results 
through active participation by numerous partners throughout California. 
This Strategic Plan is intended provide a common understanding for use by 
the Administration, Legislature, public, and California’s flood managers at 
State, federal, tribal, and local levels. DWR will take a lead role in 
implementing FloodSAFE and will work closely with State, federal, tribal, 
and local partners to help improve integrated flood management systems 
statewide. DWR invited review and comment on the draft FloodSAFE 
Strategic Plan, and written comments were received through July 25, 2008. 
Once finalized, the FloodSAFE Strategic Plan will be updated periodically 
by DWR and its partners based on input, experience, and new information 
gained during implementation. 

FloodSAFE Implementation Plan 
The Final Draft FloodSAFE Implementation Plan (DWR, 2010a) presents 
the implementation plan for California’s FloodSAFE initiative. The 
Implementation Plan is intended to define FloodSAFE Programs’ 
authorities, responsibilities, timelines, budgets, priorities, and expected 
outcomes of needed flood management programs. The implementation plan 
focuses on flood management work required over approximately the next 
five years, but also provides long-term direction to year 2025 and beyond. 
The implementation plan provides strategic-level guidance for 
implementation of California’s FloodSAFE initiative by providing 
descriptions of how work will be accomplished in seven different 
functional areas. The plan will be supported by strategic plans or other 
detailed management plans for programs and projects as appropriate within 
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each functional area. The implementation plan describes major elements 
and components for each functional area; descriptions of detailed work 
activities and tasks will be left for other reports under each functional area. 
The FloodSAFE Implementation Plan was prepared for DWR internal use 
to help all managers understand the relationships among the functional 
areas and to help them monitor expected outcomes (deliverables and 
performance measures). The implementation plan is intended to be flexible, 
with updates prepared as conditions evolve. 

C
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Sacramento-San Joaquin River Basins Comprehensive Study 
The Comprehensive Study (USACE and the Reclamation Board, 2002), 
was a joint effort by the California Reclamation Board (now Board) and 
USACE, in coordination with State, federal, and local agencies, groups, 
organizations, and the public. The Comprehensive Study focused on 
balancing and integrating multiple objectives on a local, regional, and 
systemwide basis by facilitating regional coordination and interaction with 
other programs. Numerous technical analyses were conducted during the 
Comprehensive Study to inventory resource conditions in the Planning 
Area and to analyze problems and opportunities for flood management and 
ecosystem restoration.  The findings of the Comprehensive Study were 
documented in the December 2002 Interim Report (USACE, 2002a), and 
highlighted planning principles that should be used to guide 
implementation of individual flood management projects and actions in the 
Central Valley. Technical information and tools developed for the 
Comprehensive Study have been used by numerous subsequent studies and 
analyses. 

1.
5.
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Central Valley Integrated Flood Management Study  

USACE, in conjunction with their non-Federal sponsor, DWR, will jointly 
implement the Central Valley Integrated Flood Management Study 
(CVIFMS). The CVIFMS will define a long-range program for the 
Sacramento and San Joaquin river basins and the corresponding level of 
federal participation. This program, a continuation of the Comprehensive 
Study, will identify opportunities to reduce flood risk by improving the 
flood capacity of the system while restoring and protecting floodplain and 
environmental features including wetlands and other fish and wildlife 
habitat. 

 
 

 
 

California Water Plan 
The California Water Plan provides a framework for water managers, 
legislators, and the public to consider options and make decisions regarding 
California’s water future. The plan is updated every 5 years; the 2009 
update is the latest update to the plan.  The plan presents basic data and 
information on California’s water resources – including water supply 
evaluations and assessments of agricultural, urban, and environmental 
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water uses to quantify the gap between water supplies and uses. The plan 
also identifies and evaluates existing and proposed statewide resource 
management strategies to address reducing water demand, improving 
operational efficiency and transfers, increasing water supply, improving 
water quality, practicing resources stewardship, and improving flood 
management. 

CALFED Program 
The CALFED Bay Delta Program (CALFED) is a collaboration of 25 
State, federal, and local agencies that established a program to improve 
California’s water supply and the ecological health of the Delta.  The 2000 
Record of Decision, a 30-year plan for the management and restoration of 
the Delta, laid out a science-based planning process that would enable 
participating agencies to make and implement better, more informed 
decisions and actions on future projects and programs. In 2004, the 
California Bay Delta Authority was created to oversee the program’s 
implementation, and Congress adopted the plan.  Major CALFED 
programs include Water Quality, Levee System Integrity, Conveyance, 
Water Use Efficiency, Storage, Ecosystem Restoration, Watershed, and 
Science programs.  Program plans are developed annually by the 
implementing agencies that describe accomplishments as well as a plan for 
future implementation actions, actions for problem resolution, available 
funding, and cross-program integration. 



 1.0 Introduction 

C
h.

 1
 

 
 

 
 

 
 

 

1.6 2012 CVFPP Development Process 

The 2012 CVFPP will be developed using an iterative planning process 
completed in four phases: 

• Phase 1 – Define existing 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 plan.  Results from this planning phase are 
described in the RCR and summarized in Interim Progress Summary 
No. 1. 

• Phase 2 – Identify a broad range of potential structural and 
nonstructural management actions for meeting the plan’s objectives, 
consistent with the planning principles, and define evaluation methods 
and screening criteria to be applied.  Results from this phase will be 
summarized in Interim Progress Summaries No. 2 and No. 3. 

• Phase 3 – Working closely with partners and interested parties, 
formulate sets of management actions (solution sets) by region to meet 
the goals and objectives; compare and evaluate the regional solution 
sets to identify tradeoffs and compromises; and refine potential regional 
solution sets.  Results from this phase will be summarized in Interim 
Progress Summary No. 4. 

 
 

1.
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• Phase 4 – Develop potential systemwide solution sets based on the 
regional results; compare and evaluate potential systemwide solution 
sets; assess level of agreement; and recommend next steps for State 
action (priorities, timelines, and funding strategies).  Results from this 
phase will be summarized in the CVFPP Progress Report, and 
presented in the draft 2012 CVFPP. 

 
 

 

The four planning phases are illustrated in the Figure 1-3. 
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Interim Progress 
Summary No.1

Interim Progress 
Summary Nos. 2 and 3

Interim Progress 
Summary No. 4

CVFPP Progress 
Report

Phase 1
• Define existing and 

future conditions
• Identify problems 

and opportunities
• Develop goals, 

principles, and 
objectives

Phase 2
• Compile 

Management Actions
• Develop evaluation 

methods and 
screening

Phase 3
• Formulate Regional 

Solution Sets
• Refine Regional 

Solution Sets

Phase 4
• Formulate 

Systemwide Solution 
Sets
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evaluate

• Assess level of 
agreement

• Recommend 
next steps

Technical Analyses

 
Figure 1-3.  CVFPP Development Process 
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2.0 Planning Area Description  

The focus in defining flood and related resource problems and potential 
solutions will be primarily on lands protected by facilities of the State Plan 
of Flood Control (SPFC10), as defined in California Water Code (CWC) 
Section 8361.  The SPFC Planning Area (SPFCPA) is generally within the 
Sacramento and San Joaquin valley floors.  Per the legislative description, 
the Sacramento-San Joaquin Valley does not include lands lying within the 
Tulare Lake Basin. 

 
 

 
 

 
 

 

                                                          

The Sacramento River Basin covers approximately 27,246 square miles 
including all or a portion of 23 predominately rural Northern California 
counties.  The basin is about 240 miles long and up to 150 miles wide, 
bounded by the crests of the Sierra Nevada on the east, the Coast Ranges 
on the west, the Cascade and Trinity mountains on the north, and the 
Sacramento-San Joaquin Delta (Delta) on the south (DWR, 2009e).  It is 
drained by the Sacramento River and its major tributaries, the Feather and 
American rivers.  Numerous smaller streams flow into the Sacramento 
River from both sides of the valley. 

The San Joaquin River Basin covers approximately 16,700 square miles, 
including drainage areas from the Central Sierra rivers and streams, and the 
central Delta islands.  The basin encompasses the southern portion of the 
Central Valley and lies between the crests of the Sierra Nevada on the east 
and the Coast Ranges on the west.  It extends from the northern boundary 
of the Tulare Lake Basin, near Fresno, to the confluence with the 
Sacramento River in the Delta.  Major tributaries to the San Joaquin River 
include the Mokelumne, Calaveras, Stanislaus, Tuolumne, Merced, and 
Fresno rivers.  In addition, a portion of flood flows from the Kings River 
are diverted north through the James Bypass to the San Joaquin River 
during times of high water along the Kings River. 

Together, the Sacramento and San Joaquin rivers convey more than 40 
percent of the surface water in California, and join at their lowest 
elevations in the Delta. In the Sacramento and San Joaquin river basins, 
average annual precipitation can vary from 95 inches in the highest 
elevations of the Sierra Nevada and Cascade mountain ranges to 8 inches 
on the valley floor at Los Banos (USACE, 1999). 

 
10 The SPFC includes the State and federal flood control works, lands, programs, plans, 

conditions, and O&M mode of the SRFCP (CWC Section 8350), of flood control projects 
in the Sacramento and San Joaquin river basins for which the Board or DWR has 
provided the assurances, and of those facilities identified in CWC Section 8361. 
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The two major flood management systems in the Central Valley – 
including the Sacramento River Flood Control Project (SRFCP) and the 
San Joaquin River and Tributaries Project – have a combined total of 
approximately 1,569 miles of State of California (State)-federal project 
levees, 1,200 miles of designated floodways11, several hundreds of miles of 
project channels, and 56 major flood control works (overflow weirs, flood 
relief structures, outfall gates, and pumping plants).  The existing State-
federal flood management system influences flooding and flood 
management on more than 2.2 million acres (3,400 square miles) of land 
within the Central Valley.  Local and regional flood management facilities 
and projects provide additional flood damage reduction for valley lands in 
both urban and rural areas.

 
11 Designated floodways are defined as follows:  (1) the channel of the stream and that 

portion of the adjoining floodplain reasonably required to provide for the passage of a 
design flood, as indicated by floodway encroachment lines on an adopted map, or (2) the 
floodway between existing levees as adopted by the Board or the Legislature (23 
California Code of Regulations (CCR) Section 4i). 



 2.0 Planning Area Description 

2.1 Existing Conditions 
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The following sections present information on the existing physical 
conditions, infrastructure, biological conditions, social and economic 
conditions, cultural resources, institutional, and emergency planning, 
response, and recovery. As mentioned previously, the Regional Conditions 
Report – A Working Document (RCR) is based primarily on existing and 
available information. The RCR will be updated as relevant technical 
information is developed and as the 2012 CVFPP progresses. 

 
 

2.1.1 Physical Conditions  

This section describes the existing physical conditions in the Central Valley 
relevant to integrated flood management.   

Hydrology, River Hydraulics, and Flood Management in the 
Sacramento River Basin  

The Sacramento River Basin has been subject to floods that result from 
winter and spring rainfall as well as combined rainfall and snowmelt. The 
Sacramento River is the major source of water supply in California. The 
Sacramento River flows combine with tides to strongly influence water 
levels in the Delta. This often causes backwater effects on the San Joaquin 
River in and near the Delta, causing sediment deposition. 

 
 

 
Major rivers in the Sacramento River Basin include the Sacramento, 
Feather, and American rivers.  The Sacramento River flows generally north 
to south from its origin near Mount Shasta to its mouth at the Delta.  As the 
Sacramento River travels to the Delta, it picks up additional flows from its 
two largest tributaries, the Feather and American rivers.  The Feather River 
flows generally north to south from its origin near Lassen Peak and joins 
the Sacramento River from the east at Verona.  The American River 
originates in the Sierra Nevada, flows generally east to west, and enters the 
Sacramento River at the City of Sacramento. Cottonwood Creek, entering 
the Sacramento River near the town of Cottonwood, is the largest tributary 
on the west side of the Sacramento River Basin that enters the river directly 
and is the only large tributary that is uncontrolled.  Other significant 
westside tributaries include Cache, Putah, and Stony creeks, however they 
enter the Yolo Bypass, which discharges to the Sacramento River near Rio 
Vista. The eastside tributaries are influenced greatly by snowmelt, however 
the westside tributaries essentially have negligible influence of snowmelt 
on flood runoff. 

Tributary flows from numerous small creeks, primarily those draining the 
western slopes of the Cascade Range and the Sierra Nevada, feed the 
Sacramento River.  The volume of flow increases as the river progresses 
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generally north to south and is increased considerably by the contribution 
of flows from the Feather and American river basins as the flow travels to 
the Delta.  At Shasta Dam, the Sacramento River drains 6,421 square miles.  
Downstream at Ord Ferry, the drainage area increases to 12,250 square 
miles, and at Rio Vista, downstream from Sacramento, the drainage area is 
approximately 26,300 square miles (USACE, 1999). Locations along the 
Sacramento River are referenced by river mile (RM) with RM 0 at 
Collinsville, the river mouth, and RM 302 at Keswick Dam. 

Downstream from Keswick Dam in Redding, the Sacramento River flows 
south-southeast for 58 river miles until it reaches the valley floor south of 
Red Bluff.  Along the valley floor, the river continues to flow south-
southeast for 186 river miles to the City of Sacramento, where it changes to 
a southwesterly course and flows for an additional 60 river miles to its 
terminus at Suisun Bay in the Delta near Collinsville.  Through the valley 
floor reach, the Sacramento River is flanked by overflow basins, two of 
which (the Sutter and Yolo bypasses) are leveed floodways.  These 
floodways comprise part of the flood management improvements that have 
been developed along the lower 175 miles of the river on the east bank, 
along the lower 185 miles of the west bank, and along the lower reaches of 
the river’s major tributary streams.  Butte Basin is the northernmost of the 
regulated overflow basins flanking the Sacramento River.  Water flows 
naturally over the banks into the Butte Basin downstream from Chico 
Landing when Sacramento River flows exceed a certain amount, as 
described in the Upper and Lower Butte Basin section below. 

Flow and Flood Management in the Sacramento River Basin   The 
historic hydrology and hydraulics of the Sacramento River have been 
greatly affected by the construction of flood management levees, channel 
modifications, bank protection placement, dam construction, hydraulic 
mining, and urbanization. The levees and bank protection have restricted 
river movement downstream from Chico and modified overflows to the 
natural flood basins during high flows. Overflow to the Colusa Basin was 
blocked by levees for protection of agricultural lands. 

A number of flood management projects along the river affect the flow and 
operation of facilities.  These facilities include dams and reservoirs, levees, 
and weirs. Shasta Lake collects flow in the Upper Sacramento River 
Region, but many uncontrolled tributaries enter the Sacramento River 
downstream from the dam.  Stream gages have been added to the major 
uncontrolled tributaries entering downstream from Shasta Lake (Cow, 
Battle, Cottonwood, and Thomes creeks), and dam releases can be adjusted 
to accommodate uncontrolled flows, subject to storage availability and 
other operational constraints. 
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The flood management system uses five weirs and three flood relief 
structures located along the river to divert part of the flood flows to the 
overflow basins and bypasses: Butte Basin, Sutter Bypass, and Yolo 
Bypass.  The weirs function as flow-relief structures that permit high 
Sacramento River flows to enter the overflow basins and bypasses. The 
weirs were designed to begin operation in a certain order:  Moulton Weir, 
Colusa Weir, Tisdale Weir, Fremont Weir, and Sacramento Weir. 
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The Sacramento River is divided into six segments for descriptive 
purposes.  Each segment is contained within a different drainage area, and 
each segment has different flow and flood management characteristics.  
The segments are: 

 
 

• Sacramento River upstream from Shasta Dam 

 

• Sacramento River from Shasta Dam to Red Bluff 

 

• Sacramento River from Red Bluff to Chico Landing 

• Sacramento River from Chico Landing to Colusa  

• Sacramento River from Colusa to Verona 

 

 
• Sacramento River from Verona to Collinsville 

Sacramento River Upstream from Shasta Dam 
The most northern portion of the Sacramento River Basin, upstream from 
Shasta Dam, is drained by the Pit River, the McCloud River, and the 
headwaters of the Sacramento River.  The total drainage area is about 6,700 
square miles, excluding the Goose Lake drainage of the Pit River (USACE, 
1999). Although Goose Lake is topographically within the Pit River Basin, 
it seldom contributes to the flow in the Pit River.  The last outflow from 
Goose Lake was in 1880.  Only a small federal channel improvement 
project in Adin, near Alturas, is found in this segment of the Sacramento 
River. 

Sacramento River from Shasta Dam to Red Bluff 
Flows in the Sacramento River in the reach between Shasta Dam and Red 
Bluff (RM 244) are regulated by Shasta Dam and reregulated downstream 
at Keswick Dam (RM 302). In this reach, flows are influenced by tributary 
inflow.  Major westside tributaries to the Sacramento River in this reach of 
the river include Clear and Cottonwood creeks.  Major eastside tributaries 
to the Sacramento River in this reach of the river include Battle, Bear, 
Churn, Cow, and Paynes creeks. 
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The major flood management facility in this reach of the Sacramento River 
is Shasta Dam, which creates Shasta Lake, the largest reservoir in the 
Central Valley Project (CVP).  Keswick Dam, completed in 1950 as part of 
the CVP, serves as an afterbay for the Shasta and Spring Creek power 
plants.  Since 1964, some flows from the Trinity River Basin, more 
specifically from Whiskeytown Lake, have been exported to the 
Sacramento River Basin through CVP facilities. 

Sacramento River from Red Bluff to Chico Landing 
The Sacramento River enters the Sacramento River Basin about 5 miles 
north of Red Bluff.  The stretch of river between Red Bluff (RM 244) and 
Chico Landing (RM 194), the river meanders through alluvial deposits.  
Flows accumulate downstream on the Sacramento River as major 
tributaries enter from the east side – Antelope, Mill, Deer, Big Chico, 
Sycamore-Mud, Rock, and Pine creeks; from the west side – Thomes, 
Elder, Reeds, and Red Bank creeks.  These tributaries influence 
Sacramento River flows during storms. In this reach of the river, the Chico 
Landing to Red Bluff Project provides partial bank protection and some 
channel modifications.  Red Bluff Diversion Dam diverts water from the 
Sacramento River to the Corning and Tehama-Colusa Canals. 

Sacramento River from Chico Landing to Colusa 
In the reach between Chico Landing (RM 194) and Colusa (RM 143), the 
Sacramento River meanders through alluvial deposits between widely 
spaced levees.  Stony Creek is the only major tributary in this segment of 
the river.  Big Chico Creek/Mud Creek drain flood waters from the east 
side of the valley in the Chico area.  Black Butte Lake on Stony Creek is 
the only reservoir operated to manage flood flows in this Sacramento River 
reach.  Floodwaters in the Sacramento River overflow the east bank at three 
sites in the reach, referred to by the State as the Butte Basin Overflow 
Area.  The first points of diversion, moving downstream, are upstream 
from Ord Ferry (the M&T and 3Bs flood relief structures).  Floodwaters 
overflow the east bank of the river and flow into the Butte Basin.  Under 
extraordinarily high-river stages at Ord Ferry, floodwaters may also 
overflow the west bank of the river and flow into the Colusa Basin.  Farther 
downstream, the floodwaters are diverted over the Goose Lake flood relief 
structure, Moulton Weir, and over the Colusa Weir into Butte Basin.  In 
this river reach, several federal projects begin, including the SRFCP, 
Sacramento River Major and Minor Tributaries Project, and Sacramento 
River Bank Protection Project (SRBPP).  Levees of the SRFCP begin in 
this reach, downstream from Ord Ferry on the west (RM 184) and 
downstream from RM 176 above Butte City on the east side of the river. It 
should be noted that these levees were not all constructed to provide the 
same level of protection. 
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Sacramento River from Colusa to Verona  

The Sacramento River meanders between Colusa (RM 143) and Verona 
(RM 79).  The levees, which began upstream, continue in this river reach.  
The levee spacing, east to west, is wider between the upstream sections, 
from RM 176 to RM 143 at Colusa, than the levee spacing downstream 
from Colusa.  The Feather River, the largest eastside tributary to the 
Sacramento River, enters the river just above Verona.  Flood management 
diversions occur at two places in this segment of the river.  The first point 
of diversion, moving downstream, is at the Tisdale Weir.  Floodwaters flow 
over the Tisdale Weir into the Tisdale Bypass, which routes the water into 
the Sutter Bypass.  Farther downstream, floodwaters from the Sacramento 
River, Sutter Bypass, and Feather River combine and flow over the 
Fremont Weir into the Yolo Bypass. 

2.
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• Feather River – The Feather River has a drainage area of 5,921 square 
miles and contributes about 44 percent of the annual flow in the 
Sacramento River.  The rest of the basin extends south and includes the 
drainage of the Yuba and Bear rivers.  Annual precipitation in the 
Feather River Basin varies from about 20 inches in the valley near 
Oroville to nearly 90 inches on the ridges near the west branch of the 
North Fork.  Of the total flow, 75 percent originates above Oroville, 
and about half of that comes from the North Fork. Two major 
tributaries to the Feather River are the Yuba River and Bear River, 
contributing on average about 30 percent of the total Feather River flow 
(Reclamation, 2005c). 

 
 

 

 

Sacramento River from Verona to Collinsville 
Between Verona (RM 79) and Collinsville (RM 0), the Sacramento River 
flows past the City of Sacramento to the Delta.  The Yolo Bypass parallels 
this river reach to the west.  Flows enter this river reach at various points.  
First, flows from the Natomas Cross Canal enter the Sacramento River 
approximately 1 mile downstream from the Feather River mouth (RM 80).  
The American River (RM 60), the southernmost major Sacramento River 
tributary, enters the river in the City of Sacramento.  The flows in the Yolo 
Bypass reenter the river near Rio Vista (RM 12). As the river enters the 
Delta, the Georgiana Slough branches off from the main stem of the river, 
routing flows into the central Delta.  The one diversion point for flood 
management is at the Sacramento Weir, where floodwaters are diverted 
from the Sacramento River through the Sacramento Bypass to the Yolo 
Bypass. 

• American River – The American River drains and area of 1,921 square 
miles in the north-central portion of the Sierra Nevada. Mean annual 
unimpaired runoff is estimated at 2.6 million acre feet (AF) (at Fair 
Oaks).  Folsom and Nimbus dams regulate flow for irrigation, power, 
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flood control, municipal and industrial use, and other uses.  The 
American River joins the Sacramento River about 25 miles downstream 
from Nimbus Dam (DWR, 1996b). 

Hydrology, River Hydraulics, and Flood Management in the San 
Joaquin River Basin 
Data is presented for the San Joaquin River Basin, which includes the San 
Joaquin Valley.  The Sacramento-San Joaquin Valley, as defined in 
California Government Code (CGC) Section 65007(g), encompasses any 
“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.” The San Joaquin Valley is bounded by the Delta in the north, 
the Sierra Nevada Mountains in the east, the Coast Ranges in the west, and 
the northerly boundary of the Tulare Lake Basin in the south. Drainage in 
the valley is provided by the San Joaquin River and major and minor 
streams and rivers that drain the east and west sides of the basin and 
ultimately flow into the Delta. The Tulare Lake Basin includes lands that 
drain to interior basins in the Tulare and Buena Vista lakes. 

In the south, the Kings, Kaweah, Tule, and Kern rivers flow into the 
landlocked Tulare Lake Basin. These rivers flow generally east to west. 
The San Joaquin River flows generally northward from Sierra Nevada 
headwaters to its mouth in the Delta. As the San Joaquin River travels 
north to the Delta, it picks up additional flows from tributaries that 
generally flow east to west from their origins in the Sierra Nevada. 

Rivers that drain the western slope of the Sierra Nevada provide the 
primary sources of surface water to the San Joaquin River Basin. Many of 
these rivers drain large areas high in the basin that supply primarily 
snowmelt runoff. The basic flood management system in the San Joaquin 
River Basin includes reservoirs with reserved flood storage space to help 
regulate snowmelt from areas above the 5,000-foot level, while conserving 
water supplies for multiple purposes (USACE, 1999). Although less 
frequent than snowmelt floods, rain floods do occur in the San Joaquin 
River Basin and tend to have higher peak flows than the snowmelt floods. 
While reservoirs in the San Joaquin River Basin provide some rain flood 
protection, available flood management storage space can fill quickly 
during rain floods. 

Flow and Flood Management in the San Joaquin River Basin   The San 
Joaquin River Basin extends from the Delta in the north to the northerly 
boundary of the Tulare Lake Basin in the south, and from its headwaters 
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upstream from Friant Dam in the Sierra Nevada in the east to the Coast 
Ranges in the west. The river basin encompasses about 13,500 square miles 
at the southern boundary of the Delta, and a total watershed area of 16,700 
square miles (USACE, 1999). Major municipal and industrial centers in the 
San Joaquin River Basin include Stockton, Modesto, Merced, and Fresno. 
There are ongoing discussions between the City of Fresno and California 
Department of Water Resources (DWR) regarding the city’s inclusion in 
the CVFPP. 
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The San Joaquin River flows approximately 270 miles from Friant Dam to 
the river mouth, 4.5 miles below Antioch. The San Joaquin River originates 
in the Sierra Nevada at an elevation of more than 10,000 feet, flows west 
into the San Joaquin River Basin at Friant, flows to the center of the valley 
floor, turns sharply northward, and flows through the San Joaquin River 
Basin to Vernalis. Vernalis is generally considered to represent the 
southern limit of the Delta. Major sections of the San Joaquin River and its 
minor tributaries are ephemeral. 

 
 

 

The river receives flows from the Fresno and Chowchilla rivers, Bear and 
Owens creeks, and Ash and Berenda sloughs through the Chowchilla and 
Eastside bypasses. Flows from Big Dry Creek are diverted by Big Dry 
Creek Reservoir into Little Dry Creek and then flow into the San Joaquin 
River below Friant Dam. Along the valley floor, the San Joaquin River 
receives additional flow from the Kings (through the James Bypass), 
Merced, Tuolumne, and Stanislaus rivers. Within the Delta, the San 
Joaquin River receives flows from the eastside tributaries to the Delta, the 
Calaveras, Cosumnes, and Mokelumne rivers. 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. Many minor tributaries are controlled through natural 
streams, which attenuate flood flows. Flood management facilities are 
found on all major tributaries except the Cosumnes River. Locations along 
the San Joaquin River are referenced by river mile, with RM 0 the river 
mouth (4.5 miles below Antioch), and RM 270 at Friant Dam. 

 
 

 

The San Joaquin River Basin and the Tulare Lake Basin are hydrologically 
connected through the Kings River. In the past, water in the Kings River 
naturally drained into the Tulare lakebed. When Tulare Lake exceeded 
capacity, water would overflow into the Fresno Slough and make its way to 
the San Joaquin River. Today, these basins are connected when part of the 
Kings River flow is diverted to the Kings River North, then through the 
James Bypass, Fresno Slough, Mendota Pool, and into the San Joaquin 
River. 
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Basins of the San Joaquin, Merced, Tuolumne, Stanislaus, Calaveras, and 
Mokelumne rivers include large areas of high elevation along the western 
slope of the Sierra Nevada. As a result, these rivers experience significant 
snowmelt runoff during the late spring and early summer. Before 
construction of water supply and flood management facilities, flows 
typically peaked in May and June, and snowmelt runoff caused flooding in 
most years along all the major rivers. When these snowmelt flood flows 
reached the valley floor, they spread out over the lowlands, creating several 
hundred thousand acres of permanent tule marshes and seasonally flooded 
wetlands. 

The flood management system includes levees along the lower portions of 
Ash and Berenda sloughs; Bear Creek; Fresno, Stanislaus, and Calaveras 
rivers; and leveed sections along the San Joaquin River. Both the 
Chowchilla Canal Bypass and the Eastside Bypass are critical to flood 
management in the San Joaquin River Basin. The Chowchilla Canal Bypass 
diverts excess San Joaquin River flow and sends it to the Eastside Bypass. 
In addition to the Chowchilla Canal Bypass flow, the Eastside Bypass 
intercepts flows from minor tributaries and rejoins the San Joaquin River 
between Fremont Ford and Bear Creek. 

However, there is less channel capacity available on the San Joaquin River 
moving downstream due to a greater number of tributaries adding to flow 
upstream. The San Joaquin River levee and diversion systems are not 
designed to contain the objective release from each of the project reservoirs 
simultaneously. Channel capacity has been affected due to in-channel 
growth of trees, native plants, and nonnative plants. Flows in the San 
Joaquin River that are less than the design flow may cause damage. These 
flows may damage land inside the levee system or may seep through the 
levees and damage adjacent areas. 

Significant urban and commercial development within the last decade in 
the lower portion of the San Joaquin River, between the Stockton and 
Tracy urban areas, has constrained the development of flood control 
structures. Residential areas are located in low-lying areas immediately 
adjacent to the levee system along much of the right bank of the San 
Joaquin River south of Stockton. South Delta islands that have functioned 
in the past as overflow areas are being considered for urban development. 
The flood management system in this area was originally designed to 
protect agricultural land uses, and so the levees were not constructed with 
as high a degree of reliability as those in urban areas. Consequently, the 
public may underestimate the risk of flooding in these areas. 

For descriptive purposes, the San Joaquin River is divided into four 
segments, listed below. Each segment is contained within a different 
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drainage area, and each segment has different flow and flood management 
characteristics. 
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• San Joaquin River upstream from Friant Dam 

• San Joaquin River from Friant Dam to Chowchilla Canal Bypass 

 

• San Joaquin River from Chowchilla Canal Bypass to Merced River 

• San Joaquin River from the Merced River to Vernalis 

 

Each of the major San Joaquin River tributaries and several minor ones 
have projects with flood management components. These projects are 
discussed in more detail in the respective river segments. 

 
 

San Joaquin River Upstream from Friant Dam 
Upstream from Friant Dam (RM 270), the San Joaquin River drains 
approximately 1,676 square miles. With about 70 percent of the land area 
upstream from Friant Dam above the 5,000-foot level, the drainage area 
receives precipitation primarily as snow (USACE, 1999). Several 
reservoirs in the upper portion of the San Joaquin River Basin, including 
Mammoth Pool and Shaver Lake, are primarily used for hydroelectric 
power generation. The operation of these reservoirs affects the inflow to 
Millerton Lake. Except for the incidental flood damage reduction from 
these reservoirs, there are no major flood management facilities in this 
segment of the river. 

 
 

 

 

San Joaquin River Between Friant Dam and Chowchilla Canal Bypass 
The CVP Friant Dam on the San Joaquin River creates Millerton Lake. 
Friant Dam is operated for water supply and flood management, although 
the undersized storage capacity limits flood management operations.  At 
the dam, water is diverted to the Madera and Friant-Kern canals to provide 
irrigation and municipal and industrial (M&I) water supplies to the eastern 
portion of the San Joaquin River Basin. Under flood conditions, flood 
flows can also be diverted into these canals when capacity is available and 
there is a place to release the flood flows. Flood flows in the Friant-Kern 
Canal may be carried to the Kern River, through the Kern River Intertie to 
the California Aqueduct. Typically, during high snowmelt, the Madera 
Canal can be used to convey up to 1,200 cubic feet per second (cfs) into the 
Fresno-Chowchilla River system (USACE, 1999). Flows from the Big Dry 
Creek Reservoir enter the San Joaquin River downstream from Friant Dam. 
The San Joaquin River downstream from Friant Dam flows westward 
toward the Mendota Pool. 
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San Joaquin River Between Chowchilla Canal Bypass and Merced River 
Flood flows are diverted from the San Joaquin River at the Chowchilla 
Canal Bypass (RM 233). The reach of the river from Chowchilla Canal 
Bypass to the Mendota Pool is generally dry unless releases are made from 
Friant Dam for flood management.  During flood management operations, 
most flood flows from upstream from the Chowchilla Canal Bypass are 
diverted from the San Joaquin River to the Chowchilla Canal Bypass. 
Flood flows that exceed the capacity of the Chowchilla Canal Bypass 
continue down the San Joaquin River to the Mendota Pool. This river 
segment receives flow from the Fresno and Chowchilla rivers and the 
Eastside Bypass. 

• Fresno River – The Fresno River, a tributary to the San Joaquin River, 
originates in the foothills of the Sierra Nevada and drains a watershed 
of approximately 500 square miles, as measured at the Eastside Bypass 
(USACE, 1999). Because of the relatively low elevation of the 
watershed, most of the flow in the Fresno River results from rainfall. 
The Fresno River ultimately discharges into the Eastside Bypass. The 
only regulating dam on the Fresno River is Hidden Dam, which forms 
Hensley Lake. With a drainage area of 237 square miles, this dam 
regulates almost half the basin. The Madera Canal, which conveys 
water northwest from Friant Dam, crosses the Fresno River 
approximately 3 miles downstream from Hidden Dam. If all 
responsible parties agree, a relatively small portion of the flood 
management releases from Friant Dam can be directed to the Fresno 
River via the Madera Canal. 

• Chowchilla River – The Chowchilla River, a tributary to the San 
Joaquin River, originates in the Sierra Nevada and drains a basin of 
approximately 600 square miles (USACE, 1999). Because of the low 
elevation of the watershed, with 95 percent below the snowline, most of 
the flow in the Chowchilla River results from rainfall. The Chowchilla 
River ultimately discharges into the San Joaquin River via the Eastside 
Bypass. The only regulating dam on the Chowchilla River is Buchanan 
Dam forming H.V. Eastman Lake. This dam encompasses a drainage 
area of 235 square miles, regulating about 40 percent of the basin. 
During flood management operations and with the agreement of all 
responsible parties, flows from the Madera Canal can be directed down 
Ash (5,000 cfs) and Berenda (2,000 cfs) sloughs, about 10 miles 
downstream from Buchanan Dam.  

San Joaquin River from the Merced River to Vernalis 
The San Joaquin River downstream from the Merced River (RM 124) 
comprises the segment of river from the confluence with the Merced River, 
downstream from Fremont Ford, to Vernalis (RM 77). Because little water 
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is contributed from the upper San Joaquin River, except during floods, non-
flood management flow patterns result from tributary inflows from the 
Merced, Tuolumne, and Stanislaus rivers. All three rivers have dams that 
require regional coordination that may have to overcome jurisdictional 
issues to be successful. The groundwater table upstream from the Merced 
River confluence is shallow, which can also impact flows. During major 
floods, this segment of the river receives flow from the upstream portion of 
the San Joaquin, Merced, Tuolumne, Stanislaus, and Fresno rivers; Ash and 
Berenda sloughs; and several smaller tributaries. There are several flood 
management projects on this river reach. 
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• Merced River – The Merced River originates in the Sierra Nevada, 
drains an area of approximately 1,276 square miles east of the San 
Joaquin River, and enters the San Joaquin River near Hills Ferry 
(USACE, 1999). More than 50 percent of the drainage area is below the 
5,000-foot elevation snowline, resulting in rain floods in the basin. 
Portions of the upper Merced basin drain lands in Yosemite National 
Park. Significant changes have been made to the Merced River 
hydrologic system since the 1850s, when agricultural development 
began in the basin. The enlarged New Exchequer Dam, forming Lake 
McClure, regulates releases to the lower Merced River. New Exchequer 
Dam is operated for flood management, power production, and 
irrigation. The dam’s 1,037-square-mile drainage area encompasses 
more than 80 percent of the drainage basin. 

 
 

 
 

 

 

• Tuolumne River – The Tuolumne River originates in the Sierra 
Nevada and enters the San Joaquin River at RM 91. The river drains a 
watershed of approximately 1,900 square miles with about 60 percent 
of the basin below the 5,000-foot elevation snowline (USACE, 1999). 
The Tuolumne River is the largest tributary to the San Joaquin River. 
New Don Pedro Dam is the only facility that regulates flood flows on 
the Tuolumne River. Dry Creek, a tributary to the Tuolomne River, has 
also been historically subject to flooding. The dam’s drainage area 
covers 1,533 square miles, or 81 percent of the drainage basin. A short 
distance downstream from New Don Pedro Dam at La Grange Dam, 
the water is diverted to the Modesto Main Canal and the Turlock Main 
Canal. 

The City and County of San Francisco operate several water supply and 
hydroelectric facilities within the Tuolumne River Basin upstream from 
New Don Pedro Dam. O'Shaughnessy Dam on the mainstem of the 
Tuolumne River, completed in 1923, forms Hetch Hetchy Reservoir. 
The 460-square-mile drainage area is entirely within the boundaries of 
Yosemite National Park. Water from Hetch Hetchy is used primarily to 
meet the municipal and industrial water needs of the City and County 
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of San Francisco. Two other storage facilities upstream from Don Pedro 
Reservoir, Lake Eleanor and Cherry Lake, are operated for hydropower 
and water supply. Because these reservoirs are just below 5,000 feet in 
elevation, the reservoirs mainly receive snowmelt runoff and provide 
little management for rain floods at lower elevations. 

• Stanislaus River – The Stanislaus River originates in the Sierra 
Nevada and enters the San Joaquin River at RM 80. The river drains a 
basin of approximately 1,075 square miles at the town of Ripon 
(USACE, 1999). About 40 percent of the drainage area is above the 
snowline. Thus, although snowmelt contributes a large portion of the 
flows and the highest runoff is in May and June, rain floods do occur in 
this basin. Ungaged tributaries contribute some flow to the lower 
portion of the Stanislaus River, downstream from the Goodwin 
Diversion Dam. 

Currently, flooding in the lower Stanislaus River is primarily regulated 
by New Melones Dam, approximately 60 miles upstream from the 
confluence of the Stanislaus River and the San Joaquin River. The dam 
sits at the bottom of the 904-square-mile drainage basin, accounting for 
84 percent of the Stanislaus River Basin. Tulloch Dam, about 9 miles 
downstream from New Melones Dam on the main stem Stanislaus 
River, provides flood protection through reserved flood space. Other 
water storage facilities in the Stanislaus River Basin include the Tri-
Dam Project, a hydroelectric generation project that consists of 
Donnells, Beardsley, and Tulloch dams upstream from New Melones 
Dam on the Middle Fork Stanislaus River. Releases from Donnells and 
Beardsley dams affect inflows to New Melones Dam. 

San Joaquin River from the Vernalis to Mouth 
• Eastside Tributaries to the Delta – The streams in the northern 

portion of the San Joaquin River Basin, generally between the basins of 
the American and Stanislaus rivers, are commonly referred to as the 
eastside tributaries to the Delta. The primary basins in this region 
include the Cosumnes, Mokelumne, and Calaveras rivers and the 
Littlejohns Creek stream group. These rivers flow into the San Joaquin 
River within the boundaries of the Delta. The hydrologic setting for this 
area is similar to that described for the northern portion of the San 
Joaquin River Basin and the eastern portion of the Delta. 

• Littlejohns Creek Stream Group – The Littlejohns Creek Stream 
Group, composed of Duck, Littlejohns, Temple, and Lone Tree creeks, 
is located southeast of Stockton in San Joaquin and Stanislaus counties. 
The basin is bounded on the south and southeast by the Stanislaus River 
and is about 15 miles wide from north to south and about 40 miles long 
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from east to west. These streams drain the west slope foothill areas of 
the Sierra Nevada, and all of the drainage area is below the snowline. 
Most of the area of the basin is devoted primarily to farming and 
ranching. However, urban and commercial development has taken 
place in several areas near Stockton. The only flood management 
facility, Farmington Dam, is on Littlejohns Creek. This facility 
manages 85 percent of the drainage basin, as measured at the town of 
Farmington (USACE, 1999). 
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• Calaveras River – The Calaveras River originates in the Sierra 
Nevada, drains approximately 470 square miles at Bellota, and enters 
the San Joaquin River near Stockton (USACE, 1999). The Calaveras 
River Basin is entirely below the effective average snowline (5,000 
feet), and receives nearly all of its flow from rainfall. The major water 
management facility on the Calaveras River, New Hogan Dam and 
Lake, is operated for flood management, and, if possible, for water 
supply and power generation. With a drainage area of 393 square miles, 
the lake regulates 83 percent of the basin. 

 
 

 

• Mokelumne River – A major tributary to the San Joaquin River in the 
Delta region, the Mokelumne River originates at an elevation of 
approximately 10,000 feet in the Sierra Nevada and enters the lower 
San Joaquin River northwest of Stockton. This river drains a basin of 
approximately 661 square miles with 65 percent of the area below the 
snowline (USACE, 1999). Although Salt Springs, Pardee, and 
Camanche reservoirs influence streamflow in the Mokelumne River, 
only Camanche has flood management reservation. The uppermost, Salt 
Springs Reservoir owned by the Pacific Gas and Electric Company 
(PG&E), is on the North Fork of the Mokelumne River and began 
operation in 1963. Pardee and Camanche reservoirs, both on the main 
stem of the Mokelumne River, are owned and operated by the East Bay 
Municipal Utility District (EBMUD). Pardee Reservoir was completed 
in 1929. Water is exported from the Mokelumne River watershed to the 
EBMUD service area via the Mokelumne River Aqueduct, which 
receives water directly from Pardee Reservoir. Camanche Dam is 
downstream from Pardee Dam and has a 627-square-mile drainage area 
accounting for about 95 percent of the basin. Camanche Dam and 
Reservoir provide flood damage reduction on the Mokelumne River 
and are operated to maintain downstream water requirements. 

 
 

 

• Cosumnes River – The Cosumnes River originates in the lower 
elevations of the Sierra Nevada, drains a basin of approximately 537 
square miles, and enters the Mokelumne River within the Delta near the 
Town of Thornton (USACE, 1999). Because there are no flood 
management projects in the basin, flood flows are uncontrolled on this 
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river. Flooding on the Cosumnes River affects the towns of Thornton 
and Wilton, as well as adjacent agricultural communities. About 90 
percent of the basin drained by the Cosumnes River is below the 
snowline. Because of the low elevation of its headwaters, the Cosumnes 
River receives most of its water from rainfall. The only major water 
supply facilities in the Cosumnes River Basin are components of the 
Sly Park Unit of the CVP. The Sly Park Unit includes Jenkinson Lake, 
formed by Sly Park Dam on Sly Park Creek. 

Hydrology, River Hydraulics, and Flood Management in the Delta 
The Delta comprises the West Coast's largest estuary, encompassing 
approximately 1,153 square miles of waterways and draining more than 40 
percent of the fresh water in California. Most of California’s major rivers 
provide flow to the Delta as tributaries of the Sacramento, California’s 
largest river, or the San Joaquin River (DFG, 2007). In the estuary, 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 the Pacific Ocean. Entering the 
Delta separately and becoming tributary within the region are the 
Cosumnes, Mokelumne, and Calaveras rivers, the Yolo Bypass, and 
numerous smaller creeks and sloughs. 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 bring in an average of 5.8 MAF, 
with precipitation adding about another 1 MAF (DWR, 2009e).  

Fresh water from the rivers mixes with salt water from ocean tides, creating 
a rich and diverse aquatic ecosystem. Because of its geographical position, 
the Delta serves as the collection point for much of the runoff and resulting 
water supplies of Northern California. It is through the channels of the 
Delta that this water must pass to satisfy the needs of the Delta, San 
Francisco Bay Area (Bay Area), agricultural lands of the San Joaquin River 
Basin, and densely populated southlands. 

Before 1850, the Delta was essentially a broad expanse of water-dependent 
habitat and natural channels. Large-scale reclamation of the Delta for 
agriculture resulted in approximately 700 miles of meandering waterways 
and 1,100 miles of levees protecting more than 538,000 acres of farmland, 
homes, and other structures (USACE, 2003). 

About 65 major islands and tracts in the Delta rely on the levee system to 
hold back river and tidal waters. There are a few small islands without 
levees, and a few open water areas that were formerly islands.  Most 
original Delta levees were built from soils dredged from nearby channels 
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during early reclamation efforts. There are approximately 1,115 miles of 
levees protecting 700,000 acres of lowland in the Delta.  The levee system 
generally provides low levels of protection for adjoining lands. Most levees 
were never engineered and have been locally built and maintained.  They 
have been improved in various locations using a variety of methods, 
resulting in a system of levees with variations in the ability to withstand 
natural forces. 
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Flooding is a near-annual event in the Delta and can cause overtopping and 
erosion of levees. Delta floods originate from levee failure, often caused by 
the combination of high river inflows, high tide, and high winds, but also 
occurring in fair weather due to rodent damage, piping, foundation 
movement, or other causes.  Because many of the Delta islands are below 
sea level, any levee failure carries with it the almost certain potential for 
deep flooding. 

 
 

 

The Delta lies near major faults. On the basis of research conducted by the 
U.S. Geological Survey (USGS) and other scientists, there is a high 
probability of an earthquake striking the Bay Area region before 2032 
(DWR, 2009g). Catastrophic levee failures from an earthquake could cause 
water to rush into the lower-than-sea-level islands, pulling salt water into 
the Delta and contaminating water exports from the Delta, affecting 
transportation, energy, and water transmission infrastructure, and 
agricultural and other local economic activities.  Potential sea-level rise 
from future climate change could also strain existing levees that are 
protecting lower-than-sea-level islands.  Windblown sediment losses and 
degradation of peat soils add further strain to the levee system by lowering 
the ground surface of many of the islands. 

 
 

 

 

Tidal Effects   Downstream from Sacramento, the Sacramento River 
traverses the low-lying tidal area of the Delta.  The Delta is a convergence 
of ocean tides and river flows from the Sacramento River, the San Joaquin 
River, and several eastside tributaries. The river stage at any point in the 
Delta is a result of hydraulic balance among these controlling factors. This 
Delta tidal flow influence extends up the Sacramento River for 80 miles to 
Verona, at low-river stages, inducing backwater into the Yolo Bypass. This 
interaction between the Delta and the Lower Sacramento River Region 
poses flood management constraints because any increase in river flood 
stage has the potential to impact hundreds of miles of Delta levees. The 
tidal effects on the river stage typically exhibit a frequency of 
approximately two cycles per day, and a larger tidal effect is observed 
roughly twice each month. 

In the San Francisco Bay, tides are semidiurnal (two high and low tides per 
day).  The tides have a 14-day spring-neap cycle.  The typical daily high 
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tides over a 24-hour cycle in summer conditions are generally around 
elevation +5 feet (North American Vertical Datum 1988 (NAVD88)) in the 
central-west Delta, and about +5.6 feet in Suisun Marsh (DWR, 1995).  
The normal tidal cycle is about 24 hours and 50 minutes.  Coastal floods, 
which can also affect water levels in rivers, can be caused by severe sea 
storms, or as a result of another hazard (e.g., tsunami or hurricane, although 
neither is likely in the Delta). 

Topography and Bathymetry 
Ground surface elevations in the northern portion of the Sacramento River 
Basin range from more than 14,000 feet at Mount Shasta in the headwaters 
of the Sacramento River to approximately 1,070 feet at Shasta Lake.  At 
Lassen Peak in the Cascade Range, elevation exceeds 10,000 feet. Other 
mountainous areas bordering the valley reach elevations higher than 5,000 
feet.  The Sacramento River Basin floor is relatively flat, with elevations 
ranging from sea level to about 300 feet above sea level. The Sacramento 
River average slope is about 1 foot/mile for the river reach below Shasta 
Dam to the Delta. The elevations in the Feather and American rivers range 
from about sea level to near 10,000 feet at the upper reaches in the Sierra. 
The main tributaries for the Sacramento River are the Feather and 
American rivers (USACE, 2001). 

The San Joaquin River originates in the Sierra Nevada at an elevation of 
more than 10,000 feet, flows west into the San Joaquin River Basin at 
Friant Dam, flows to the center of the valley floor, turns north, and flows 
through the San Joaquin River Basin to the Delta.  The San Joaquin River 
joins the Sacramento River at the upper end of Suisun Bay.  Floodplain 
elevations range from about 10 feet near Old River to 70 feet above sea 
level at Hills Ferry.  The main tributaries for the San Joaquin River are the 
Stanislaus, Tuolumne, Merced, Fresno, and Chowchilla rivers (USACE, 
2001). 

Land elevations in the Delta generally range from 25 feet below to 35 feet 
above mean sea level (DWR, 2009g). The Delta’s main tributaries are the 
Cosumnes, Mokelumne, Calaveras, Sacramento, and San Joaquin rivers, 
and the Yolo Bypass. 

Soils and Geology 
Soil cover in the Sacramento River Basin ranges from metasedimentary 
granitic and basaltic rock in the upper elevations to alluvial deposits in the 
valley areas. There is also volcanic rock in the northern area of the 
Sacramento River Basin. The Sacramento River Basin is moderately deep 
with soil classifications varying from sands, silts, and clays in the valley 
areas to porous volcanic areas in the northern end of the basin. Delta soils 
range from highly mineralized soils similar to those described for the 
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Sacramento River Basin to deep peats. The exposure of bare peat soils to 
air causes oxidation, which results in subsidence, or a loss of soil, on some 
Delta islands.  Wind can also cause sediment losses.  In addition, loading 
from levees induces consolidation that can occur over many years. 
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The east side of the San Joaquin River Basin, composed of a series of 
coalesced alluvial fans that have formed at the base of the Sierras, 
comprises primarily intrusive rocks, including granite and granodiorite, 
with some metamorphosed granite and granite gneiss (CGS, 2002).  The 
alluvial fans of the larger rivers include those of the Kings, San Joaquin, 
Merced, Tuolumne, and Stanislaus rivers.  Each of the fans has 
significantly affected the distribution of historic flood flows.  The western 
margin of the valley along the San Joaquin River is also composed of 
alluvial fans at the base of the Coast Ranges.  Relatively unconsolidated 
water-bearing sediments are confined by the impermeable clay underlying 
the valley floor on the west side.  The valley is interrupted by two major 
surface cross structures, the Stockton Fault in the Stockton Arch and the 
White Wolf Fault in the south near Bakersfield.  Geologically driven 
subsidence of the valley is ongoing and is on the order of 0.01 inch/year. 
Collapsible soils in the San Joaquin River Basin complicate the 
construction of new flood control structures (USACE, 2001).  In addition, 
groundwater overdraft contributes to subsidence. 

 
 

 
 

 
 

 

 Geomorphology 
The geomorphology of the Sacramento River varies throughout the region. 
From the base of Mount Shasta for about 75 miles downstream to Elevation 
300 near the town of Red Bluff, the river is generally constrained from 
moving laterally by erosion-resistant volcanic and sedimentary formations. 
The river in this area, the Sacramento Canyon, is generally narrow and 
deep, and the floodplain is similarly narrow. From here, the river emerges 
onto the broad alluvial floodplain of the Sacramento River Basin (USACE, 
2001). 

For about the next 50 river miles, the Sacramento River historically 
meandered, over time, across a wide floodplain. By eroding and depositing 
sediment, the river migrated across deep alluvial soils from the Red Bluff 
area to about Hamilton City and Chico Landing. At RM 190, Stony Creek 
joins from the west, and flows from the Big Chico Creek approach from the 
east at RM 193.  From this point downstream, flood flows along the 
Sacramento River were split between the main stem and the adjacent flood 
basins separated from the main stem by natural levees.  Because of the 
natural geomorphic processes associated with valley basins such as the 
Sacramento, the size and capacity of the main stem decreased in the 
downstream direction and topographically, the river banks are higher than 
the connecting floodplains.  The sheer magnitude of flood flows resulted in 
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several distributary flood paths across the flat valley floor into which main 
stem flows spilled (USACE, 2001). Both base flows and flood peak flows 
have been regulated to the extent that they limit natural geomorphic and 
ecosystem functions. 

Most of the surface runoff in the San Joaquin River Basin flows from the 
Sierra Nevada Mountains to the floor of the valley, with very little surface 
drainage from the west. This has moved large quantities of eroded material 
out of the eastern mountains and foothills into the valley as alluvial fans. 
For the larger waterways, such as the Merced River, these alluvial fans 
have progressed far onto the valley floor, displacing the main stem river 
channel toward the west and flattening the river slope. The flat topography 
of the San Joaquin River at the valley floor tends to slow down and 
attenuate river flows. 

The San Joaquin River changes from a multi-channel system above the 
Merced River to a single-channel system below. As the San Joaquin River 
merges with the Merced River, a much larger, single channel is formed. 
The San Joaquin River carries year-round flow to the Delta, with summer 
flows being contributed to by the three main tributaries. In the reach from 
the Merced River to the Tuolumne River, the floodplain of the San Joaquin 
River is constricted by natural topography. Project levees are intermittent, 
protecting specific areas of the floodplain and then tying back into high 
ground away from the river. As the San Joaquin River approaches the 
Tuolumne and Stanislaus rivers, the floodplain widens to form broad 
triangular-shaped confluences. 

Downstream from the Stanislaus River confluence, the San Joaquin River 
passes the Vernalis gaging station, the general area where the river 
becomes tidally influenced. At Paradise Cut, the San Joaquin River 
becomes a distributary system, dividing its flows between several channels 
as it winds through the Delta. During a flood event, concurrent high flows 
from the Sacramento, Cosumnes, and Mokelumne rivers physically limit 
the amount of flow that can drain out of the San Joaquin River. 

Hydrologic changes, combined with gold and gravel mining disturbances, 
levee and bypass construction, and dam-related modifications of sediment 
continuity have caused a significant change in the geomorphology of the 
San Joaquin River. In addition to these changes, because of the arid climate 
in the San Joaquin River Basin, there is rarely enough water to satisfy 
natural, agricultural, and municipal demands and much of the upper 
reaches of the San Joaquin River have run dry. Both base flows and flood 
peak flows have been regulated to the extent that they no longer support 
natural geomorphic and ecosystem functions. 
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The area generally referred to as “the Delta” actually represents the 
merging of two distinct river deltas which, like the rivers that formed them 
(Sacramento and San Joaquin), had somewhat distinctive characteristics.  
The Sacramento River was characterized by comparatively high flows and 
sediment loads.  During large floods, silts and sands were deposited 
adjacent to the river channels forming high and wide natural levees that 
tended to somewhat isolate the river from the low-lying wetlands beyond.  
In contrast, San Joaquin River flood flows were smaller, carrying and 
depositing less sediment.  As a result, natural levees in the south-central 
Delta were lower and narrower, and high water was distributed over a 
flatter topography.  This led to many of the systematic differences in the 
extent and character of the wetlands in the northern versus south-central 
Delta described above.  The soils of the Delta were formed from a 
combination of peat and inorganic sediments.  Throughout the south-
central Delta, the main natural accretionary mechanism has been peat 
formation.  Here, peat soils up to 40 feet thick overlay layers of marine 
sedimentary muds, sands, shales, and rock. Soils are typically at least 90 
percent peat by wet volume.  In the northern Delta, the layer of primarily 
peat soils is considerably thinner, and the inorganic fraction also typically 
higher (The Bay Institute, 1998). 
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Most of the inorganic sediment delivered to the estuary as a whole was in 
the form of suspended alluvial deposits provided by the Sacramento River.  
A portion of the bed load was funneled into the northern Delta channels 
through distributary channels, while some of the suspended load was 
captured in the back swamps of the northern Delta when levees overtopped.  
Lower volumes of inorganic alluvial sediments were delivered to the 
estuary from San Joaquin River discharge.  The amount of this captured by 
intertidal wetlands of the southern and central Delta appears to have been 
minimal.  Most appears to have been resuspended by wind-driven 
turbulence, and eventually passed through the Delta and to the lower 
estuary before settling out.  Through equilibrial mechanisms not well 
understood, the plane of the swamps and marshes was maintained at a level 
closely approximating mean high tide.  This is a generally “typical” 
condition for such environments, and presumably represents the net results 
of processes that equilibrate deposition, erosion, and subsidence in tidal 
marshes (The Bay Institute, 1998). 

 

 

Two of the most ecologically influential factors in estuarine environments 
– water movement and salinity gradient – are primarily determined by the 
complex interactions of tides, topography, and freshwater discharge from 
the riverine system.  Under normal outflow conditions, tides exert a strong 
influence on water movement in the Delta.  Tides affect two aspects of 
water movement – changes in surface level and changes in direction and 
volume of flow.  Two high and low tides of unequal magnitude (mixed 
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semidiurnal) exchange water between the Delta and the San Francisco Bay 
each day.  At the Delta-Suisun Bay junction, typical summer tidal flows are 
on the order of 330,000 cfs.  As rivers discharge into the zone of tidal 
influence, high flows (i.e., greater than 60,000 cfs, depending on the 
location in the Delta) may negate changes in water surface level that would 
otherwise follow the change in tides, while under low outflow conditions, 
unidirectional flow in the large river channels may cease, becoming 
bidirectional in response to the tides.  When high freshwater outflows block 
salinity incursion at Carquinez Strait and Suisun Bay, the Delta becomes 
further isolated from the saline conditions that typify the lower part of the 
estuary (The Bay Institute, 1998). 

The geomorphology of Delta is influenced by interactions among the 
Sacramento River, San Joaquin River, and the tidal action from the west. 
The Delta’s natural geomorphic conditions have been substantially 
modified as the tidal marsh was reclaimed and the natural tidal and 
distributary channel system was extensively modified to provide for 
navigable access to farms and by excavation to build up levees. The result 
was the creation of a series of agricultural islands protected by levees and 
separated by a network of natural and created channels through which the 
freshwater flows from the Sacramento and San Joaquin rivers. Possibly 
more important to the Delta region, during the period of 1913 to 1938, the 
Sacramento River below Grand Island to Collinsville was enlarged as part 
of the flood control project (USACE and Board, 1953).  The scope of this 
project was unprecedented with new channels and landforms created, and 
old channels widened and deepened to accommodate the project design 
flood. The geomorphology of the Delta dictates major physical 
characteristics such as tidal prism, tidal range, salinity, and residence times 
that drive the estuarine processes. These physical characteristics and 
processes, in turn, affect ecosystem functions, flood hazards, water 
diversions, and the extent of wetland habitats. 

Mining Legacy   Hydraulic mining had a major influence on the flow 
carrying capacity of the Sacramento River system and especially the 
eastside tributaries beginning in 1853.  Hydraulic mining consisted of 
excavating hillside areas with high-pressure water cannons or “monitors” to 
get to the gold-bearing materials, resulting in the generation of more than 
1.1 billion cubic yards of mining debris and sediment that flowed 
downstream to the valley floor during high-flow events.  The Yuba, Bear, 
and Feather rivers received the highest mining sediment loads.  
Accordingly, these rivers and the Sacramento River downstream from the 
confluence with the Feather River were severely impacted by the large 
sediment loads in the late nineteenth and early twentieth centuries.  These 
changes to channels resulted in increased flood stages, repeated bank and 
levee failures, and severe flood damages (James and Singer, 2008). 
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Hydraulic mining had an influence on the flow carrying capacity of the San 
Joaquin River Basin, but on a smaller scale than the Sacramento River 
system.  Most of the mining in the San Joaquin River Basin was placer 
mining rather than hydraulic mining.  Placer mining was more prevalent 
because the gold was a very fine texture, and mixed with the sand and 
gravel at the bottom of the streams (Friant Water Users Authority, 2008). 
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Sedimentation and Erosion   Under natural conditions, the channels of the 
Sacramento and San Joaquin rivers had insufficient capacity to carry the 
heavy winter and spring flows generated by wet season precipitation and/or 
snowmelt (USACE, 1999). The rivers overflowed onto the surrounding 
countryside as they exceeded the channel capacity. The flow velocity in the 
overbank areas would be greatly reduced from that in the channel. Thus, 
the sediment carrying capacity would also be reduced, allowing much of 
the material naturally eroded from mountain and foothill areas and carried 
in the streams to drop out of suspension. The Sacramento and San Joaquin 
rivers built up their beds and formed natural levees composed of the 
heavier, coarser material carried by the flood flows each year. The finer 
material stayed in suspension much longer and would drop out when the 
overflow water ponded in the basins that developed east and west of the 
rivers. The flow regime and the sediment supply have changed significantly 
from natural conditions in the Sacramento and San Joaquin rivers because 
of human activities. 

 
 

 
 

 
 

 
Many levees were originally designed to narrow the channel to promote 
high velocities and resultant scouring in order to move the large amounts of 
sediments from hydraulic mining and to deepen the channel for navigation.  
The narrow channel design after the mining era contributed to the self-
eroding phenomena of the levees, which now adds significantly to 
maintenance costs.  To protect the banks from erosion, levees are armored 
with large boulders (riprap), which is expensive and has ecological impacts 
on riparian habitat in the channel.  Today, the optimal design for a self 
sustaining channel is regarded as a wide, meandering channel that is 
compatible with natural geomorphic processes, allows riparian habitat, and 
has the capacity to carry flood flows. 

Upper Sacramento River 
From the base on Mount Shasta for about 75 miles downstream to near 
Elevation 300 near the town of Red Bluff, the Sacramento River is 
constrained by erosion-resistant volcanic and sedimentary formations. The 
Chico Landing to Red Bluff Project, authorized in 1958, provides for bank 
protection (erosion protection) and incidental channel modifications along 
50 miles of the Sacramento River between Chico Landing and Red Bluff. 
In this reach, 21.5 miles of bank protection have been installed to hold the 
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river in place and prevent meandering of the channel (USACE, 1999). 
Erosion from meandering channels damages adjacent agricultural lands. 

Feather River 
Deposition of mining sediments transformed the Feather River into a wide 
and shallow channel characterized by sandbars and low sinuosity. The 
Feather River still receives significant sediment from the Yuba and Bear 
rivers during flood events, but sediment inputs from the Bear River and 
other tributaries are declining, which could result in increased bank erosion 
and channel migration in the future. The lower Feather River experiences 
sediment deposition primarily caused by backwater from the Sacramento 
River and flow area expansion at the confluence with the Sutter Bypass. 

Yuba and Bear Rivers 
Rivers in the foothill and lower basin areas have been severely affected by 
rapid aggradation caused by hydraulic mining activities. Since the ban of 
hydraulic mining in 1893, many channels have since incised into the debris 
(USACE, 1999). Natural and constructed debris impoundments remain 
both within the channels and in overbank areas. The lower Bear River is a 
single-channel river characterized by low sinuosity and channel 
degradation over the last century. The lower Yuba River, which received 
significantly more mining debris than the Bear River, is characterized by 
high terraces of mining sediment alongside a degrading river channel with 
a steep gradient. Degradation has been accelerated along the lower Yuba 
River by dam construction and the gradual movement of sediment and 
mining debris down the Feather River.  Also, aggregate mining in the Gold 
Fields is altering the channel location. 

Cache and Putah Creeks 
High velocities of water carry larger sediments down from upstream hill 
locations. As water slows either from flow rates dropping or flows 
overtopping banks, aggregates settle out in concentrated deposits. The 16-
mile stretch of Cache Creek between the towns of Capay and Yolo has 
been extensively mined for aggregates, which has changed the sediment 
balance in the waterway, thereby increasing the erosion potential 
downstream.  The Cache Creek Settling Basin is where waters from Cache 
Creek are impounded over a broad area to allow sediment to settle out so 
that the adjacent Yolo Bypass, which must carry away Sacramento River 
flood water, does not clog. 

Lower Sacramento River 
The lower Sacramento River is a single-channel watercourse with moderate 
to low sinuosity that is confined by levees located immediately adjacent to 
the riverbanks. The gradient of the river channel is relatively low and flat 
and becomes more so as it approaches the Delta. Sediment is generated 
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from upstream reaches of the Sacramento River, tributaries, and bank 
erosion. Sediment deposition occurs most notably in the Yolo Bypass and 
Delta. The lower Sacramento River is a perched system, meaning that 
ground elevation generally decreases with distance from the river. This is 
due in part to historic (before hydraulic mining) sediment deposition that 
occurred more rapidly alongside the river than in the adjacent floodplains, 
forming natural levees and gradually elevating the river channel. 
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Delta  

Sediment supply from the Sacramento, San Joaquin, Mokelumne, and 
Calaveras rivers, and Bear Creek greatly influences sedimentation in the 
Delta. The Sacramento River is the dominant source of sedimentation to 
the Delta. The majority of the sediment entering the Delta from the 
Sacramento River watershed either deposits along the Sacramento River or 
moves past Mallard Island and into Suisun Bay and San Francisco Bay, 
leaving less than 20 percent of sediment load to move through the complex 
network of Delta channels (USACE, 1999). It is also possible to transport 
sediment from Suisun Bay landward into the Delta due to complex 
hydrodynamics in Suisun Bay and the western Delta. Flood tides transport 
sediment from Suisun Bay into the Delta and ebb tides reverse sediment 
transport. 

 
 

 
 

 

 

Major floods export large quantities of sediment and cause net erosion 
within the Delta and Suisun Bay. Natural climatic events such as large 
storms may initiate the sediment suspensions as well. Moving water within 
the Delta transports suspended sediment and affects erosion and deposition 
over long time periods (decades) causing changes in the land surface 
elevation and geomorphology of the Delta. Water in the Delta moves 
primarily because of tides, waves, river flows, and export pumping in the 
south Delta. Waves generated by boats can also induce erosion from the 
bed and bank. To prevent erosion, riprap is often placed on levees and the 
sides of channels. Armoring increases bed particle size and decreases 
erosion, but can adversely impact ecological health. However, methods 
exist that can sometimes mitigate these adverse impacts, such as allowing 
vegetation on levees. Dredging deepens channels and can suspend bottom 
sediment. 

Exterior slopes of levees are often protected by erosion-resistant riprap, but 
the interior levee slopes are not protected.  Wind-generated waves in the 
Delta can lead to overtopping and erosion along the interior of levees 
protecting Delta islands.  The erosion can weaken levees resulting in 
conditions that make them more susceptible to failure and breaching during 
storm events.  In the event of a levee failure, winds blowing over the length 
of a flooded island would generate waves that could erode the inner slope 
(inboard side) of the levee.  Inboard levee erosion could cause secondary 
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levee breaches to form, adding to the damage. To help prevent this erosion, 
plastic sheeting is sometimes placed on the inboard side of the levee as a 
temporary repair alternative. 

San Joaquin River 
Between 1914 and 1998, there was a general trend of degradation (increase 
in channel depth) in the San Joaquin River downstream from the Merced 
River, with some channel aggradation downstream from the Tuolumne to 
the southern Delta.  Also, there has been some channel narrowing between 
the Merced and Tuolumne rivers since 1914.  Bank erosion is occurring 
(between 14 and 31 percent of bank) downstream from the Merced River, 
which will maintain sediment supply to downstream areas (USACE, 1999).  
Bank erosion is the primary source of sediment upstream from the 
Chowchilla Bypass and aggradation is occurring upstream from Mendota 
Dam.  General bed degradation is occurring downstream from Mendota 
Dam.  Considerable sediment has accumulated in the Eastside Bypass 
downstream from the Sand Slough Control Structure from gully erosion in 
the bypass near the State Route (SR) 152 crossing. Upstream diversions on 
the San Joaquin River and tributaries have reduced the frequency of 
flooding, thereby reducing the opportunity to flush the accumulated 
sediment out of the river system. 

In the lower San Joaquin River, past farming practices directed sediment-
laden agricultural drainage from surrounding fields into low-lying areas 
near the river.  These practices were to assist farmers in those areas who 
were attempting to fill in and grade flood terraces and oxbow lakes to make 
them suitable for farming. Additionally, imported irrigation water from 
both State and federal projects contributed to the sediment loading by also 
directing agricultural return flows to the river through “wasteways.” These 
wasteways were originally intended to carry excess flows from the canals 
back to the river. Since the wasteways cut off older drainage ditches, 
agreements were made to allow the farmers to discharge their agricultural 
tailwater into them. This has caused substantial sedimentation to occur, 
both in the “wasteways” themselves and in the receiving river channel. 
Current practices are attempting to retain agricultural tailwater on site. 

The accumulation of sediment over time has flattened the northern 
downstream reaches of the San Joaquin River, increasing travel time and 
decreasing channel capacities. Because of this, operators of the Merced, 
Tuolumne, and Stanislaus river reservoirs need to consider downstream 
conditions before evacuating their flood management reservation storage 
(USACE, 2001). 
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Anthropogenic Modifications  

Since the beginning of civilization, river systems have been changed due to 
anthropogenic or human activities.  Urbanization has increased impervious 
surfaces such as pavement and buildings, which do not allow percolation of 
water to the aquifer.  Instead, the water flows to stormwater runoff drains, 
where erosion (which can reduce crop productivity) and siltation, as well as 
flooding can be major problems.  Pollutants on impervious surfaces of 
urban areas are carried by runoff and contribute to water contamination in 
the receiving waters.  All of these activities change the natural process of 
flooding.  Other human activities such as farming, overgrazing, logging, 
and mining have increased sediment loads to rivers.  The average residence 
time of rivers (the average time a water molecule will spend within a reach) 
has increased due to river flow being dammed or diverted.  River 
characteristics such as temperature, stratification, turbulence, turbidity, and 
reduction-oxidation conditions have also been altered due to human 
activities. 
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Mercury/Heavy Metals Transport 
Mercury contamination from historic gold mines and natural cinnabar 
deposits represents a potential risk to human health and the environment.  
Total mercury production in California between 1850 and 1981 was more 
than 220,000 tons (Alpers and Hunerlach, 2000).  Although most of this 
mercury was exported around the Pacific Rim or transported to Nevada and 
other western states, a significant portion (about 12 percent, or 26,000 tons) 
was used for gold recovery in California, mostly in the Sierra Nevada and 
Klamath-Trinity Mountains. The northwestern Sierra Nevada region has 
been mined extensively for both its hardrock-gold and placer-gold deposits. 
Currently the highest levels of mercury bioaccumulation occur in the Bear 
River and South Yuba River basins.  In soil, each mercury component is 
subject to leaching and runoff of the dissolved phase, erosion of the 
particulate phase, and volatilization of the gas phase. 

 
 

 

Streambed sediment of Cache and Putah creeks are significant sources of 
mercury and methylmercury to downstream receiving bodies of water.  
Much of the mercury in these sediments is the result of deposition over the 
last 100 to 150 years by either stormwater runoff, from abandoned mines, 
or continuous discharges from geothermal activity in areas of natural 
mercury deposits.  Fish from lower Cache Creek have elevated mercury 
levels.  During periods of high runoff, large loads of mercury come down 
Cache Creek and enter the Yolo Bypass.  Smaller amounts of mercury are 
also released into the Yolo Bypass during low summer flows.  Mercury 
from the Cache Creek Basin appears to be a major source of mercury 
entering the Delta. 
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Groundwater Recharge and Flood Management 
Traditional urban flood management focused on constructing networks of 
concrete conveyance channels that funnel and transfer urban stormwater 
runoff into the closest receiving waterbody (e.g., bays, ocean, rivers, lakes).  
Traditional urban flood management structural water quality management 
practices include detention basins and other devices used to store volumes 
of runoff to reduce peak flows. These methods reduce infiltration and 
groundwater recharge. Alternative methods of urban flood management 
include reducing impervious surfaces throughout a watershed and flooding 
groundwater recharge areas within the watershed, thereby reducing peak 
storm volumes. In addition, setting back levees to allow rivers and streams 
access to their natural floodplains can enhance recharge while reducing 
flood stages (SWRCB, 2009). 

Rates of groundwater extraction in the Central Valley have the ability to 
impact flows in rivers and streams. Under current conditions, most areas of 
the northern Sacramento River Basin are full and discharge excess recharge 
to streams. If pumping increases, the volumetric rate of discharge to 
streams will decrease, but the groundwater basins will remain essentially 
full unless groundwater pumping rates exceed the volumetric rate of 
groundwater recharge (DWR, 1978). In the southern portions of the 
Sacramento River Basin, in areas such as the Sacramento Metropolitan 
Area and eastern Yolo County, cones of depression resulted because of 
intensive agricultural and municipal groundwater production. In these 
areas, the cones of depression extend beneath streams. As a result, some of 
these streams no longer receive groundwater discharge and instead leak 
surface water to the underlying aquifer. 

The San Joaquin River Basin is heavily reliant on groundwater.  
Groundwater accounts for 30 percent of water use in the San Joaquin River 
Basin. The extensive use of groundwater in the San Joaquin River Basin 
has historically caused subsidence of the land surface, primarily along the 
west side and south end of the river basin (DWR, 2003a). 

Subsidence of Land Surface 
Subsidence of the land surface resulting from compaction of underlying 
formations affected by the decline of groundwater surface elevations, as 
well as by inundation of collapsible soils, is a well-documented concern 
throughout much of the Central Valley. Historically, land subsidence has 
occurred at higher rates in the San Joaquin River Basin than in the 
Sacramento River Basin. Differential subsidence of land surfaces has 
adverse impacts on the performance of flood control facilities. In the 
Sacramento River Basin, subsidence, along with other factors, has 
increased the extent of flooding along the Colusa Basin Drain and reduced 
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the capacity of the Knights Landing Ridge Cut, which conveys drainage 
from the Colusa Basin into the Yolo Bypass (USACE, 2002a). 

 
2.

1.
1 Within the southern part of the San Joaquin River Basin, groundwater-

withdrawal and hydrocompaction of the soils by irrigation has led to 
accelerated subsidence since the 1920s.  Differential subsidence due to 
groundwater overdraft has adversely affected the performance of the flood 
management system in the upper region. A maximum of about 30 feet of 
subsidence occurred in the Los Banos-Kettleman City area, but 1 to 10 feet 
of subsidence occurred along portions of the San Joaquin River between 
Mendota and Los Banos, at an average rate of 1.4 inches/year, depending 
on the rainfall (USACE, 1999).  Upstream from the area of greatest 
subsidence, the stream gradient has steepened, increasing downcutting of 
the channel and threatening the stability of levees and flow-management 
structures. The eroded material is deposited in the subsided section, 
reducing its conveyance capacity. A specific example of this problem is in 
the Chowchilla Canal – Eastside Bypass, where subsidence has caused 
increased sedimentation that has reduced conveyance capacity. 
Downstream from the subsided section, the stream gradient becomes 
flatter, also decreasing conveyance capacity. 

 
 

 
 

 
 

Subsidence of land surfaces due to the loss of topsoil is an important 
concern in the Delta, placing much of the Delta below sea level. The Delta 
used to be waterlogged and anaerobic, and the organic soils accumulated 
faster than they could decompose. With the reclamation of the Delta, more 
peat soils are exposed to the atmosphere and are subject to an increased rate 
of microbial oxidation. In addition, compaction of organic-rich soils due to 
farming activity and loss of peat soils by wind are also primary causes of 
Delta subsidence. The rate of loss of peat soils from the Delta islands 
varied by location and averages 0.5 to 1.5 inches of soil loss per year 
(USACE, 1999). 

 

 

Floodplains 
Historically, natural floodplains attenuated floods by storing water on the 
plains and letting it seep slowly back into the ground. Table 2-1 shows the 
natural and beneficial functions of floodplains.  Most of the rivers in the 
Sacramento and San Joaquin river basins have now been confined to leveed 
channels, cutting them off from their historic floodplains, resulting in 
alterations of natural hydrologic and hydraulic processes. Some of the 
natural floodplains are used as bypasses for flood flows for flood 
management. These bypasses also provide an important habitat function. 
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Table 2-1. Natural and Beneficial Functions of Floodplains 
Water Functions Biological Functions Societal Functions 

Natural Flood and 
Erosion Control 
• Flood storage and 

conveyance 
• Reduces flood velocities 

and peak floods 
• Reduces sedimentation 
Maintenance of Water 
Quality 
• Filters nutrients and 

impurities from runoff 
• Processes organic 

wastes 
• Moderates water 

temperature fluctuations 
Groundwater Recharge 
• Promotes infiltration and 

aquifer recharge 
• Reduces frequency and 

duration of low flows 

• Provides essential life 
history features 
(breeding, rearing, 
migratory) for many 
species, including 
waterfowl, sensitive 
species, and highly 
productive habitats 

• Provides natural habitat 
renewal processes, 
including sediment 
transport, channel 
migration, and 
vegetation recruitment 

• Replenishes soil 
fertility with nutrients 

• Provides open space 
and visually pleasing 
landscapes 

• Protects important 
historical and 
archaeological features 

 

Figure 2-1 shows the Federal Emergency Management Agency (FEMA) 
Q3 and DFIRM data for the 500-year floodplain in the Central Valley.  
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Figure 2-1.  FEMA 500-Year Floodplain in the Sacramento and San Joaquin River 
Basins 
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Yolo Basin   The Yolo Bypass is a leveed floodway through the natural 
overflow Yolo Basin on the west side of the Sacramento River between 
Verona and Rio Vista near Suisun Bay and immediately west of the 
metropolitan area of Sacramento. The Yolo Bypass consists of a 59,000-
acre, mostly leveed, floodplain within the greater Yolo Basin (USACE, 
1999). The existing east levee of the Yolo Bypass downstream from West 
Sacramento is a levee that protects the Sacramento Deep Water Ship 
Channel. The original levee, the project levee, is now the east levee for the 
Sacramento Deep Water Ship Channel.  The bypass lies generally north to 
south and extends from the Fremont Weir (RM 83) downstream to Liberty 
Island (RM 14). The bypass is a feature of the SRFCP that began operation 
in the 1930s. The construction of the Sacramento Deep Water Ship 
Channel encroached into the Yolo Bypass, thus reducing its capacity from 
West Sacramento to the Delta. 

During high flows in the Sacramento River, water enters the Yolo Bypass 
over the Fremont Weir and over the Sacramento Weir and Bypass and is 
conveyed south around the metropolitan area of Sacramento. From the 
west, Cache Creek enters the Cache Creek Settling Basin, where sediment 
is deposited to help maintain the flood flow capacity of the bypass. The 
water then flows over a 1,740-foot concrete weir into the Yolo Bypass 
(USACE, 1999). The Yolo Bypass also receives flow from westside 
tributaries Putah Creek and Willow Slough, as well as from the Knights 
Landing Ridge Cut.  Monticello Dam, which forms Lake Berryessa and 
individually provides major flood control, is on Putah Creek. 

Water in the Yolo Bypass results from seasonal flooding in the winter and 
spring, agricultural return drainage, and tidal backwater in the lower half of 
the bypass. Spills over the Fremont Weir, when the water surface in the 
Sacramento River at the weir exceeds 40.3 feet above mean sea level (msl), 
are the principal cause of widespread inundation of the bypass. 
Historically, spills at the Sacramento Weir have only occurred during those 
times when flow is also spilling over the Fremont Weir. Contribution from 
the four main tributaries, Cache Creek, Putah Creek, Willow Slough 
Bypass, and the Knights Landing Ridge Cut, is relatively small in 
comparison to flows over the Fremont and Sacramento weirs. While 
complete inundation is nearly always attributed to the weirs, the tributaries 
themselves can cause inundation of portions of the bypass. 

Water entering the bypass from the Fremont Weir initially travels along the 
eastern margin of the bypass due to the natural slope of the land. Overland 
flow from the weir travels about 40 miles before reentering the Sacramento 
River near Rio Vista. Non-floodwaters exit the bypass primarily through 
the east levee toe drain. Numerous distributaries flow through the low-lying 
tidal area of the Delta. 
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The bypass floods approximately once every 2 to 3 years, as dictated by the 
operations of the Fremont Weir, generally during the winter months of 
December, January, and February. However, in 1998, water entered the 
bypass in June. Flow depth in the bypass ranges from 6 feet in a normal 
year to 10 feet in a heavy water year (USACE, 1999). High stages in the 
Yolo Bypass can affect flows/stages in the Knights Landing Ridge Cut, 
Colusa Basin Drain, Putah Creek, Willow Slough, and other tributaries. 
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Upper and Lower Butte Basin   Butte Basin is the northernmost of the 
regulated overflow basins flanking the Sacramento River.  Located east of 
the Sacramento River, it extends from southwest of Chico to the mouth of 
Butte Slough, north of Meridian.  Its eastern boundary is an indefinite line 
along the gently sloping lands rising from the trough of the basin toward 
the Sierra Nevada foothills.  The Glenn-Colusa county line divides Butte 
Basin into an upper basin and a lower basin.  

 
 

 

The purpose of the Butte Basin overflow areas is to provide an orderly 
three-way split of flood flows between the basin and the Sacramento River 
channel such that flows in the river do not exceed channel capacity. When 
Sacramento River flows exceed between 90,000 and 100,000 cfs at Ord 
Ferry, water flows naturally over the banks into the Butte Basin 
downstream from Chico Landing, through three State-regulated weir 
locations (USACE, 1999).  The three overflow locations are M&T Weir, 
3Bs, and Goose Lake Weir. In 1964, the Reclamation Board (now the 
Central Valley Flood Protection Board) (Board) adopted a plan of flood 
control for Butte Basin.  This plan permits the orderly development of 
lands within the basin while maintaining the integrity of the SRFCP. DWR 
will maintain and operate units or portions of the works of the SRFCP, on 
behalf of the state, and the Operations and Maintenance (O&M) costs will 
be defrayed by the State. This includes flood relief structures or weirs, and 
other structures or facilities essential for the proper functioning of Glenn 
County Levee District (LD) 3 in the vicinity of the Sacramento River 
between Big Chico Creek and the north boundary.  The Phelan Levee, on 
the east bank of the Sacramento River between the M&T Weir and Big 
Chico Creek, although not a federal project structure, is a structure or 
facility essential for the proper functioning of the Butte Basin Overflow 
Area, as designed in 1964 and included in CWC Section 8361. 

 
 

 

 

The Phelan Levee is a component of the flood control measures that 
maintain the proper flow split among the SRFCP levees and the overflow 
areas east of the river. If the Phelan Levee is lost due to continued erosion, 
an excessive amount of flow could overflow Angel Slough. The flooding 
would be disastrous for the Butte Basin and could endanger the integrity of 
the SRFCP levees (Water Engineering and Technology, Inc., 1989). 

March 2010 2-33 



2012 Central Valley Flood Protection Plan 
Regional Conditions Report – A Working Document 

In addition to the Sacramento River overbank flows at Ord Ferry, the basin 
receives inflow over the Colusa and Moulton weirs and from tributary 
streams draining from the northeast, principally Cherokee Canal and Butte 
Creek. Before construction of the Feather River levees, Butte Basin also 
received overflows from the Feather River north of the Sutter Buttes.  
Outflows from Butte Basin move through the Sutter Bypass when the 
Sacramento River is high or through the Butte Slough Outfall Gates (RM 
139) into the Sacramento River when the river is low. 

The Butte Basin has a significant attenuation effect on flows before 
discharging them into the Sutter Bypass downstream from Colusa.  The 
Butte Basin holds more than 1 MAF when it is flowing full and has a travel 
time of about 2 days from its upper end to the Sutter Bypass (USACE, 
1999).  Sedimentation at the 3Bs overflow flood relief structure may affect 
the storage and conveyance capacity of the basin. 

The federal flood management project envisioned in the 1950s included a 
flood bypass through the Butte Basin. This component was not included 
due to economic impacts. 

Colusa Basin and Drain   The Colusa Basin, a natural overflow basin on 
the west side of the Sacramento River, extends from south of Stony Creek 
to Knights Landing.  Historically, the area within the basin was subject to 
periodic flooding from the Sacramento River.  Flows in the basin generally 
discharged southeast to the river through a series of sloughs ending at 
Knights Landing above Fremont Weir.  Agricultural land reclamation 
begun during the 1850s eventually drained much of the wetland area. 

The Colusa Drain, a leveed channel completed in the 1930s, intercepts all 
drainage on the west side of the Sacramento River between Colusa and 
Knights Landing, where the drain releases flows to the Sacramento River.  
Levees along the west bank of the Sacramento River block flooding from 
the Sacramento River. 

Inflow into the basin comes from approximately 11 streams.  Additionally, 
extremely high flows, higher than 300,000 cfs in the Sacramento River at 
Ord Ferry, would result in flows entering the Colusa Drain at that location 
(USACE, 1999).  The Knights Landing Ridge Cut, on the southern end of 
the Colusa Drain, provides an outlet for flood flows (up to 20,000 cfs) to 
the Yolo Bypass when the outfall gates to the Sacramento River are closed.  
Flows to the Yolo Bypass through the Knights Landing Ridge Cut are 
limited to around 16,000 to 17,000 cfs when the Yolo Bypass is full.  The 
Ridge Cut is an artificial channel that allows some drainage of flood water 
from the Colusa Basin Drain when the Sacramento River level is high. 
Flows from the Colusa Drain enter the Sacramento River via outfall gates 
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at Knights Landing when the river is low. The Knights Landing Outfall 
Structure controls the direction of flows out of the Colusa Basin Drain and 
also prevents the backwater from the Sacramento River entering into the 
drain. 
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Upper Lake Valley   Middle and Scotts creeks, the two largest tributaries 
to Clear Lake, had extensive floodplains. Historically, Middle and Clover 
creeks frequently flooded downtown Upper Lake and adjacent areas with 
depths of 1 to 3 feet (USACE, 1999). Clover Creek flowed through the 
center of town and had a limited channel capacity. 

 
 

The project consists of 14.6 miles of levees, two diversion structures, and a 
flood water pumping station. Project levees protect the community of 
Upper Lake, SR 20 and SR 29, and nearby agricultural land from flooding 
from Middle, Scotts, and Clover creeks. Levees contain the flows of 
Middle and Scotts creeks within the channels, while a majority of the flows 
of Clover Creek are diverted around the northern side of Upper Lake to 
Middle Creek. The levee system contains flows, however the lack of 
interior drainage facilities in and west of Upper Lake has resulted in 
localized flooding, causing flood damage and closing both SR 20 and 
SR 29. 

 
 

 
 

Approximately 3.5 miles of the levees, one pump station, and one diversion 
structure protect 1,650 acres from flooding by Clear Lake. These levees 
were constructed on top of old Reclamation District (RD) levees and have 
significant foundation problems. Review of historical records indicates the 
levees were not constructed to U.S. Army Corps of Engineers (USACE) 
standards. The levees were conditionally accepted by the State in 1961. 
High-water years in 1983 and 1986 showed the levees were significantly 
below design grade and properties were at an elevated risk of flooding. 

 

 

Sutter Basin   Before construction of the flood management system, the 
Feather River historically overflowed toward the west during major flood 
events, mingling with flood flows in the Butte and Sutter basins. The Sutter 
Bypass conveys flows to the lower Sacramento River at the Fremont Weir 
near the confluence with the Feather River and into the Sacramento River 
and the Yolo Bypass. The Sutter Basin is enclosed by the Sutter Bypass 
levee on the east, the Sacramento River levee on the west, and the Tisdale 
Weir levee on the north. 

San Joaquin River Basin   The San Joaquin River Basin extends from the 
Delta in the north to the Kings River in the south, and from its headwaters 
upstream from Friant Dam in the Sierra Nevada in the east to the Coast 
Ranges in the west.  The river basin encompasses about 13,500 square 
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miles at the southern boundary of the Delta, and a total drainage area of 
16,700 square miles (USACE, 1999). 

The river receives flows from the Fresno and Chowchilla rivers, Bear and 
Owens creeks, and Ash and Berenda sloughs through the Chowchilla and 
Eastside bypasses.  Flows from Big Dry Creek are diverted by Big Dry 
Creek Reservoir into Little Dry Creek and then flow into the San Joaquin 
River below Friant Dam. Along the valley floor, the San Joaquin River 
receives additional flow from the Kings, Merced, Tuolumne, and Stanislaus 
rivers.  Within the Delta, the San Joaquin River receives flows from the 
eastside tributaries to the Delta, the Calaveras, Cosumnes, and Mokelumne 
rivers.  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. 

Basins of the San Joaquin, Merced, Tuolumne, Stanislaus, Calaveras, and 
Mokelumne rivers include large areas of high elevation along the western 
slope of the Sierra Nevada.  As a result, these rivers often experience 
significant snowmelt runoff during the late spring and early summer.  
Before construction of water supply and flood management facilities, flows 
typically peaked in May and June, and snowmelt runoff caused flooding in 
most years along all the major rivers.  When these snowmelt flood flows 
reached the valley floor, they spread out over the lowlands, creating several 
hundred thousand acres of permanent tule marshes and seasonally flooded 
wetlands. 

Channel Geometry/Capacity 
O&M manuals were developed for all levees, channels, and flood control 
facilities comprising the SPFC.  The O&M manuals provided the design 
capacity of each facility.  Other design capacities were available for some 
facilities from other studies or maps, and were also gathered.  The design 
capacities for reaches of the Sacramento River and tributaries are 
referenced in the O&M manuals.  Estimates of channel design capacities 
obtained from O&M manuals and from other sources do not always agree. 

Routing of Flood Waters 
The volume of flow in the Sacramento River system generally increases as 
it moves south toward the Delta as the number of tributaries feeding the 
river increases as the flow continues further downstream. The size and 
capacity of the Sacramento River generally decreases in the downstream 
direction due to increased sediment deposition. Historically, flood flows 
spilled into adjacent flood basins that were separated from the main stem 
by natural levees. The sheer magnitude of flood flows that entered these 
adjacent flood basins created several distributary flood paths across the flat 
valley floor into which the main stem would spill. The Yolo Basin, west of 
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Sacramento, and the American Basin, northeast of the confluence of the 
Sacramento and American rivers, are two of these historic overflow basins. 
These overflow basins are extremely sensitive to changes upstream in land 
use and local flood runoff. 
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The lower end of the Yolo Bypass and the Sacramento Deep Water Ship 
Channel, which runs along the east levee of the Yolo Bypass, are controlled 
by tidal backwater. Minor tributaries flowing into the west side of the Yolo 
Bypass include Cache Creek, Willow Slough, and Putah Creek. Knights 
Landing Ridge Cut enters the Yolo Bypass near the north end and redirects 
water from the Colusa Basin Drain into the Yolo Bypass. Numerous 
distributaries flow through the low-lying tidal area of the Delta. 

 
 

 

Flood management operations are complicated by the natural delay in 
moving the regulated water down the system and the propensity to pass all 
floodwaters down to the Delta, rather than routing water to upstream 
floodplains or bypasses. It takes about 62 hours for water released from 
Shasta Dam on the northern portion of the Sacramento River to reach the 
Feather River confluence at Verona, and about 70 hours, nearly 3 days, to 
reach the American River confluence at I Street in the City of Sacramento 
(USACE, 1999). These delays in the conveyance of controlled flows, 
combined with relatively rapid runoff of rainfall in uncontrolled streams 
downstream from Shasta Dam, make it difficult to maintain flood 
protection throughout the Sacramento River Basin. Similar time delays 
affect operations of Oroville, New Bullards Bar, and Folsom dams. On the 
Feather River, water released from Oroville Dam takes 30 hours to reach 
Verona, however, water released from New Bullards Bar Dam on the Yuba 
River reaches Yuba City in 8 hours; 8 hours faster than water released from 
Oroville Dam on the Feather River. The travel time from Folsom Dam on 
the American River to the Sacramento River at I Street is about 8 hours.  

 
 

 
 

 

Problems arise when a storm is centered over the Feather-Yuba and/or 
American river basins. Sacramento River water released from Shasta Dam 
2 or 3 days previously arrives at the various confluences at the same time 
as flood flows from the Feather-Yuba and American rivers arrive at the 
same confluence. It is hard for Shasta operators to predict that a major 
storm will occur over the Feather and/or American river basins 2 days into 
the future and adjust the water released at Shasta to reduce impacts at 
Verona or at the City of Sacramento. Shasta operators are also constrained 
by the operating rule curve to make releases based on conditions in the 
reservoir and for a limited distance downstream. Although storms are often 
recognizable more than 2 days in advance, the specific location where the 
storm will center and the storm intensity are not easily predicted. 
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For the San Joaquin River, the travel time for moving flood flows down the 
river system also complicates the management of the flood system. The 
travel time for water released from Friant Dam on the San Joaquin River is 
more than 5 days to the Merced River confluence at Newman and 7 days to 
reach Vernalis (USACE, 1999). On the Merced River, water released from 
New Exchequer Dam takes 42 hours to reach the San Joaquin River 
confluence at Newman. The travel time from New Don Pedro Dam on the 
Tuolumne River to Vernalis is almost 2 days. Flow released from New 
Melones Dam on the Stanislaus River takes just over a day to reach 
Vernalis. 

Flows from rainstorms, centered over the Merced, Tuolumne, and/or 
Stanislaus river basins, take from 1 to 2 days to reach their confluences 
with the San Joaquin River. It is possible for San Joaquin River water 
released from Friant Dam 4 to 6 days previously to arrive at the various 
confluences at the same time as the flood flows from the other rivers. 
Because the San Joaquin River water may have been released before the 
other storms arrived, Friant operators could not modify releases to have any 
impact at Newman or Vernalis. The accumulation of sediment over time 
has flattened the northern downstream reaches of the San Joaquin River, 
increasing travel time and decreasing channel capacities (USACE, 2001). 
The operators of the Merced, Tuolumne, and Stanislaus river reservoirs 
need to consider downstream conditions before evacuating their flood 
management reservation storage. 

Water Quality 
In general, water quality in the Sacramento River is good; however, there is 
concern about the possible effects associated with metal contamination 
from abandoned mercury and other hard-rock mining activities. As 
described previously, elevated mercury levels are detected in sediment in 
the Yuba and Bear rivers and in Cache, Putah, and Stony creeks, as well as 
in the sediments of other streams and rivers in the Sacramento River Basin. 
Another source of pollutants in the rivers is from the agriculture water 
returned to the river after the irrigation season, and from dewatered rice 
fields.  Wastewater treatment effluents, ammonia, and storm drains are 
another source of pollutants to the rivers from urban areas. 

Surface water quality in the San Joaquin River Basin is affected by several 
factors, including natural runoff, agricultural return flows, biostimulation, 
construction, logging, grazing, operations of flow-regulating facilities, 
urbanization, and recreation.  In addition, irrigated crops grown in the 
western portion of the San Joaquin River Basin have accelerated the 
leaching of minerals from soils, altering water quality conditions in the San 
Joaquin River system. 
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The upper reaches of the rivers draining to the San Joaquin River Basin 
originate in large drainage areas high on the west side of the Sierra Nevada.  
The water in these rivers is generally soft, with low mineral concentrations.  
As these streams flow from the Sierra Nevada foothills across the eastern 
valley floor, their mineral concentrations steadily increase.  This increase is 
fairly uniform for each of the eastside streams as in the Sacramento River 
Basin. 
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In the western part of the San Joaquin River Basin, soils are derived mainly 
from the marine sediments that make up the Coast Ranges and are high in 
salts and trace elements, such as asbestos, selenium, molybdenum, arsenic, 
and boron.  As the San Joaquin River Basin has undergone extensive land 
development, erosion and drainage patterns have been altered, accelerating 
the rate at which these trace elements have been dissolved from the soil to 
accumulate in shallow groundwater, streams, and the San Joaquin River. 

 
 

 

Water quality challenges in the Delta include mercury methylation, salinity 
levels, dissolved oxygen levels, and pesticide and herbicide runoff. 
Episodes of oxygen depletion in some parts of the Delta are caused by 
operation of upstream facilities that cause relatively low river flows, algae 
growth fueled by high nutrient concentrations, and waste discharges. 

 
 

The entire Delta is on the State Water Resources Control Board (SWRCB) 
list for impaired water bodies for mercury. Delta areas that are 
intermittently flooded, such as tidally influenced shallow water, can be 
primary sites for mercury methylation. The methylation process converts 
inorganic mercury found in sediment deposits into methylmercury, which 
is a toxic substance affecting wildlife and human health. 

 

 

Delta salinity is influenced by tidal action and from return flows from 
agricultural and urbanized lands. Before the construction of today’s water 
supply and flood control facilities in the Delta, salinities were lower in the 
winter and spring and higher in the summer and fall. Today, the Water 
Right Decision 1641 (D-1641) mandates the implementation of water 
quality objectives for the Bay-Delta for municipal and industrial beneficial 
uses, agricultural uses, and fish and wildlife beneficial uses.  These 
objectives include chloride concentration at Delta intakes and pumping 
plants, electrical conductivity for western Delta, San Joaquin River, interior 
Delta, southern Delta, and Suisun Marsh. 

Saline water flows into the western Delta through tidal influence.  When 
the export pumps draw Sacramento River water from the northern Delta 
into the southern Delta, some of that salt water is exported to Southern 
California by the State Water Project (SWP) pumps via the California 
Aqueduct, or into the San Joaquin River watershed by the CVP pumps via 
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the Delta-Mendota Canal.  This salt is concentrated by farm crop and 
wetland water consumption.  Some salt then accumulates in valley soils 
and groundwater, but several thousand tons of salt each year seeps, drains, 
or gets discharged into the San Joaquin River. 

Air Quality 
The Sacramento River Basin is within the Sacramento Valley Air Basin. 
During the summer, the Pacific high-pressure system can create inversion 
layers in the lower elevations that prevent the vertical dispersion of air in 
most of the Sacramento Valley Air Basin.  As a result, air pollutants in this 
portion of the region can become concentrated during summer, lowering air 
quality.  During the winter, when the Pacific high-pressure system moves 
south, stormy, rainy weather intermittently dominates the region and also 
winter inversions are very persistent.  Prevailing winter winds from the 
southeast disperse pollutants, often resulting in clear, sunny weather and 
better air quality over most of this portion of the region.  Much of the 
Sacramento Valley Air Basin is designated as a nonattainment area with 
respect to the national and State ozone and particulate matter standards, and 
the urban Sacramento and Marysville/Yuba City areas are designated as 
nonattainment for national and State carbon monoxide standards. 

The San Joaquin River Basin is within the San Joaquin Valley Air Basin, 
which is designated as nonattainment with respect to the national and State 
ozone and particulate matter standards; the urban areas of Fresno, Modesto, 
and Stockton are designated as nonattainment for national and State carbon 
monoxide standards.  Several variables other than land uses can affect air 
quality conditions, and these variables may change over time.  Air quality 
problems result from the region’s geographic location, topography, climate, 
population growth, and economic activities.  The San Joaquin Valley Air 
Basin is affected by air pollution from the Sacramento and San Francisco 
Bay metropolitan areas, as well as Stockton, Modesto, and Fresno. 

Climate and Meteorology 
A dominating factor in the weather of California is the semipermanent 
high-pressure area of the northern Pacific Ocean.  This pressure center 
moves northward in summer, holding storm tracks well to the north and, as 
a result, California receives little or no precipitation from such storms 
during summer.  In winter, the Pacific High retreats southward permitting 
storm centers to swing into and across California.  These storms bring 
widespread, moderate precipitation to the State.  Some of them travel far 
enough to the south to spread moisture beyond the Mexican border.  When 
changes in the circulation pattern permit storm centers to approach the 
California coast from a southwesterly direction, copious amounts of 
moisture are carried by the northeastward streaming air.  This results in 
heavy rains and often produces widespread flooding during the winter 
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months.  Precipitation in the Coast Ranges is higher at a given elevation 
and the region is much less dependent on snowfall (approximately 95 
percent or more of precipitation falls as rain). 
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The surface of the ocean also responds to changes in atmospheric pressure 
and winds. When a storm moves into a costal location the air pressure is 
usually low, which causes the water level to rise. If the wind is also 
blowing across the ocean toward land, water is pushed in that direction. 
This combination can cause the water level to rise several feet, causing as 
much damage as the other effects of the storm. The storm tides are of 
course not regular and periodic, as are the gravitational tides.  While tidal 
forces can be accurately calculated and predicted from astronomical 
observation, the response of the ocean to those forces depends on the shape 
of the shore line and the topography of the ocean bottom. These tidal 
storms affect water levels and flood stage conditions in Suisun Bay and the 
Delta. 

 
 

 
 

 

In the northern portion of the Sacramento River Basin, total annual 
precipitation averages between 60 and 70 inches and is as high as 95 inches 
in the Sierra Nevada and the Cascade Range.  At Lassen Peak, which 
exceeds 10,000 feet in the Cascade Range, as much as 90 inches of 
precipitation falls. Other mountainous areas bordering the valley reach 
elevations higher than 5,000 feet and receive an average of 42 inches of 
precipitation per year, with snow prevalent at higher elevations. 

 
 

 

In the southern portion of the Sacramento River Basin, the Sacramento 
River Basin floor is relatively flat.  The valley floor is characterized by hot, 
dry summers and mild winters.  Precipitation on the valley floor occurs 
mostly as rain, and yearly totals range from 20 inches in the northern end of 
the valley to 15 inches at the Delta. The wet season runs from October to 
April but it is not unusual for precipitation to occur in September or May. 

Weather patterns in the San Joaquin River Basin are similar to those in 
Sacramento River Basin, although the humidity and precipitation tend to be 
lower. Except at the highest altitudes, the climate of the San Joaquin River 
Basin is characterized as semiarid to arid with hot, dry summers and mild 
winters.  The annual precipitation in the San Joaquin River Basin ranges 
from about 6 inches on the valley floor at Mendota to about 70 inches in 
the Sierra Nevada.  Precipitation in the valley occurs primarily from 
November to April.  The basins on the west side of the valley that drain the 
Coast Ranges lie in a rain shadow and receive less precipitation than those 
on the east side of the valley that drain the Sierra Nevada.  Snowpack 
accumulates on the east side of the basin above 5,000 feet, and the 
snowmelt generally begins to run off by April.  On the valley floor, 
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precipitation decreases from north to south, ranging from 15 inches at 
Stockton to 5 inches at Bakersfield. 

Prevailing Wind Patterns   California lies within the zone of the 
Prevailing Westerlies and on the east side of the semipermanent high-
pressure area of the northeast Pacific Ocean.  The basic flow in the free air 
above the State, therefore, is from the west or northwest during most of the 
year.  The Coast and the Sierra Nevada mountain ranges deflect winds, 
making wind direction in the Central Valley dependant on local terrain 
more than the prevailing regional circulation. 

The Carquinez Strait, a major gap in the Coast Ranges at the northeastern 
end of the San Pablo Bay and extending eastward to the Delta, is a critical 
feature controlling the wind flow patterns in the Sacramento and San 
Joaquin river basins. Marine air flows through the Carquinez Strait, moves 
east through the Delta, and then splits to flow north into the Sacramento 
River Basin or south into the San Joaquin River Basin. The intensity of the 
marine air penetration varies with a diurnal cycle, being strongest in the 
afternoon and evening, with wind speeds of 15 to 20 miles per hour. Wind 
patterns are also characterized by the upslope flow over the Sierra Nevada. 
The southerly and northerly wind patterns in the Sacramento and San 
Joaquin river basins are prevailing directions year-round due to the north-
south orientation of the Central Valley. Occasionally, a strong high-
pressure region moves inland to the north or northeast, forcing strong 
northerly winds through the Sacramento River Basin. 

Winds in the Delta are predominantly westerly and follow a diurnal pattern 
in strength, with highest speeds during the afternoon and evening. Wind 
gusts in the Delta can reach up to 45 miles per hour. Open water bodies in 
the Delta experience high wave actions during strong wind conditions. 
These wave actions can lead to overtopping and erosion along Delta levees, 
especially during high-stage conditions. 

Seismic Conditions 
The Delta lies near six major faults that are capable of generating 
moderate-to-strong ground shaking, particularly in the western Delta. The 
three most active faults are the San Andreas, Hayward, and Calaveras 
faults.  Liquefaction of foundation sands under some levees during a 
moderate-to-strong earthquake has the potential to cause failures of miles 
of Delta levees. 
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However, no Delta levee has ever failed from an earthquake. The San 
Francisco earthquake in 1906 with a 7.8 magnitude was a significant event, 
but levees were much lower then. Since the mid-1990s, levees have been 
built higher due to increasing concerns for land subsidence and flooding. 
These levees now are likely to fail during a major earthquake, such as the 
one in 1906 (Lund et. al., 2008). Levees in Suisun Marsh are not as high as 
those in the Delta, but they are much closer to several fault lines. 
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Relatively lower seismic activity characterizes both the Sacramento and 
San Joaquin river basins. The potential to cause levee failures is also lower 
because most levees in this area only hold water back during significant 
flood events. 

 
 

2.1.2 Infrastructure 

 

This section describes the existing flood management and related 
infrastructure in the Sacramento and San Joaquin river basins. 

 

History of Flood Management Facility Construction, and Operations 
and Maintenance 
This section summarizes the history of construction and subsequent O&M 
of SPFC facilities.  Components of flood management in the Central 
Valley, with emphasis on components of the SPFC, are also described.  The 
facilities discussed include the early flood management system in the 
Central Valley, non-project levees (briefly described as they tie into, and 
affect performance of, the SPFC), flood management-specific projects, and 
multipurpose projects. Figure 2-2 shows the locations of federal-State flood 
damage reduction projects within the Sacramento and San Joaquin river 
basins that comprise the SPFC. 

 
 

 

In the late nineteenth century, individual landowners and local 
governments built the first flood management facilities in the Central 
Valley, usually levees.  Farmers often worked with (or against) their 
neighbors to build levees to protect their own crops and property. Cities 
built levees to ensure public safety in urban areas.  As part of the Arkansas 
Act, prospective landowners could acquire land throughout the Central 
Valley for $1 per acre if they paid to construct levees to "reclaim" land for 
agricultural production, some of which exists as islands in the Delta today.  
Landowners often created levee maintenance districts, reclamation districts, 
or other entities that were charged with maintaining the levees (Assembly, 
2007). 

In 1911, the State adopted the federal government’s plan for the SRFCP 
from the California Debris Commission and created the Board (formerly 
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known as the Reclamation Board)12 to implement the plan, in conjunction 
with the federal government.  The State’s adoption of a valley-wide flood 
management plan was meant to resolve conflicting local flood management 
projects. Six years later, the State gained federal authorization for USACE 
to collaborate with the State in constructing and maintaining the SRFCP.  
The flood management system in the San Joaquin River Basin continued to 
be constructed and operated and maintained in the older, piecemeal 
fashion. 

After construction began on the SRFCP in 1918, the State and federal 
governments shared responsibility for building and repairing new and 
locally built levees, weirs, and bypasses to increase conveyance of flood 
waters downstream.  During construction of the SRFCP beginning in 1918, 
and construction of the Lower San Joaquin River and Tributaries Project 
(LSJRTP) beginning in the 1950s, USACE often constructed the federal 
“project levees” in both the Sacramento and San Joaquin river basins from 
existing locally built levees (Assembly, 2007). 

                                                           
12 The Reclamation Board became the Central Valley Flood Protection Board in 2007. 
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Figure 2-2.  Approximate Locations of Federal/State Flood Damage Reduction 
Projects Within the Sacramento and San Joaquin River Basins that Comprise the 
State Plan of Flood Control 
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Current responsibility for SPFC O&M is spread among multiple agencies 
at all three levels of government: local, State, and federal.  Consistent with 
the U.S. Constitution’s Commerce Clause, USACE has primary 
responsibility for regulating flows (including floodwaters) in "waters of the 
United States," which include the Sacramento and San Joaquin rivers.  
Some of the federal reservoirs in the Central Valley with reserved flood 
management space are operated by U.S. Department of the Interior, Bureau 
of Reclamation (Reclamation) under direction from USACE (Assembly, 
2007).  Other reservoirs are owned and operated by USACE or owned and 
operated by State and local interests with flood management space 
managed by USACE (e.g., Lake Oroville). 

The State – through the Board – shares in the costs of construction, 
assumes responsibility for O&M of the flood management facilities, and 
indemnifies the federal government for liability.  The Board has the legal 
responsibility for oversight of the entire Central Valley flood management 
system, although responsibility resides, administratively, with DWR or 
local flood agencies and LDs (Assembly, 2007). DWR’s primary 
responsibilities lie in the Sacramento River Basin, while local agencies 
have most of the responsibility in the San Joaquin River Basin. 

DWR plays a significant role in the SPFC, with field staff maintaining 
approximately 300 miles of levees and other flood management facilities, 
according to the statute.  DWR inspects and evaluates the maintenance of 
approximately 1,600 miles of the State’s federally designated project levees 
and channels.  DWR does levee maintenance for parts of the Sacramento 
River system according to statute.  While most project levees are 
maintained by local agencies, DWR performs some levee maintenance by 
forming maintenance areas that abide by the assurances that the State 
provided to the USACE where local interests are unable to perform 
satisfactory maintenance. In those cases, DWR assesses the property 
owners for the cost of carrying out the maintenance. DWR primarily 
maintains the system channels on the Sacramento River, while local 
agencies primarily maintain San Joaquin River system channels (Assembly, 
2007). 

Local agencies, including levee maintenance districts and RDs, counties, 
cities, and water districts, also play a significant role in flood management.  
In many areas, local agencies maintain and operate project levees and other 
flood management facilities on the State’s behalf (Assembly, 2007).  In 
1996, State and federal law shifted greater financial responsibility for flood 
management facility construction to local agencies, which today typically 
pay 35 percent of construction or rehabilitation costs for State-federal 
project facilities. In other cases, local agencies pay the entire cost of flood 
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management, but remain subject to Board and USACE oversight 
(Assembly, 2007).  

Early Flood Management System   The early flood management systems 
in the Sacramento and San Joaquin river basins was constructed, operated, 
and maintained in a piecemeal fashion by local interests settling along the 
rivers and their tributaries.  The first levee was built around the City of 
Sacramento in 1850, and was 3 feet high by 26 feet wide.  It was 
constructed, operated, and maintained by the City of Sacramento.  Early 
levees were also constructed by individual farmers to protect their 
agricultural lands and farmsteads from frequent flooding.  The early levees 
along the Sacramento River were built with shovel and wheelbarrow, using 
soil from the land side of the levee because it was impossible to get the 
sand from the river, and the sand was considered poor material for levee 
building.  The earliest dredges were dipper dredges, first recorded in use in 
1871 on Webb tract in the Delta (Oakland Daily News, 1871).  The 
clamshell dredger was first used in 1889 along the Sacramento River near 
Courtland, and employed subsequently to build much of the rest of the 
early levee system in the Sacramento River Basin.  A clamshell dredger 
was a large piece of equipment that excavated sediment from the river 
bottom and piled it along the banks for levee building (Evans, 1912). 
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As LDs and RDs were formed along the Sacramento River, those districts 
built their own levees to “reclaim” their agricultural land and protect 
property from frequent flooding (Kelley, 1989). 

 

 

Federal Authorizations for Existing State-Federal Flood Protection 
Projects   This section shows the federal authorizations for each of the 
existing State-federal flood protection projects included in the SPFC. The 
projects are organized as Sacramento River Basin projects, San Joaquin 
River Basin projects, and other facilities with State assurances. While each 
authorization covers one major project, such as the SRFCP, implementation 
of the projects generally occurred over time with the construction of 
various units of the projects. Some levees are physically disconnected from 
the larger system and were constructed to provide local benefits while 
others were constructed to provide system benefits. 

Sacramento River Basin Projects 
The majority of the State-federal flood protection projects that constitute 
the SPFC are located in the Sacramento River Basin. Federal authorizations 
for projects described below began in 1917 and extended into the 1980s. 
Some projects authorized by later federal authorizations may eventually 
become part of the SPFC. 
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• Sacramento River Flood Control Project – The SRFCP is the core of 
the flood system along the Sacramento River and tributaries. It includes 
most of the levees, weirs, control structures, bypass channels, and river 
channels that make up the SPFC. About 980 miles of levees were 
involved in the project. Portions of these levees were originally 
constructed by local interests and either included directly in the project 
without modification or modified to meet USACE project standards. 
The project was originally authorized by the Flood Control Act of 1917 
and subsequently modified and extended by the Acts of 1928, 1937, 
and 1941. Cost changes over time are reflected in these acts along with 
rectification, additions, and deletions. 

- Flood Control Act of 1917 – Public Law 64-367 (64th Congress) 
is the Flood Control Act of 1917. The authorized project was in 
accordance with plans contained in the California Debris 
Commission report submitted on August 10, 1910, and printed as 
House Document (HD) 81 (62nd Congress), as modified by the 
California Debris Commission report submitted on February 8, 
1913, and printed in Rivers and Harbors Committee Document No. 
5 (63rd Congress). The 1913 document provides for the 
rectification and enlargement of river channels and the construction 
of weirs. 

- Flood Control Act of 1928 – Public Law 70-391 (70th Congress) 
is the Flood Control Act of 1928. The 1928 act modified the Flood 
Control Act of 1917 in accordance with the California Debris 
Commission report submitted on May 1, 1924, and printed in 
Senate Document (SD) 23 (69th Congress). Some significant 
changes made by the act include the following: 

o Elimination of reclamation works in Butte Basin 

o Construction of a weir above Colusa 

o Elimination of two of the four proposed cutoffs in the stretch of 
river between Colusa and the mouth of the Feather River 

o Use of the existing Tisdale Weir instead of construction of a 
new weir 

o Relocation of certain levee lines on the Feather River and Yolo 
Bypass 

o Settling basin at the mouth of Cache Creek 

o Three sloughs in the Delta to be left open instead of closed 
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o Increase in levee cross-section dimensions 

 

o Conclusion that San Joaquin River Basin flood problems are 
different from those of the Sacramento River Basin, and that 
flood control in the San Joaquin River Basin should be 
considered in a separate report, if deemed advisable 
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o Federal government to carry some maintenance responsibility 
(enlarged channels, of weirs, and of certain gages)  

o Increase in the project cost 

 

o Change of the cost share between the federal government and 
nonfederal interests 

 

o Set design capacities 

- Rivers and Harbors Act of 1937 – Public Law 75-332 (75th 
Congress) is the Rivers and Harbors Act of 1937. The prior 1917 
and 1928 flood control acts were modified in accordance with a 
Senate Commerce Committee Document (75th Congress). The 
document concluded that maintenance by the federal government 
was not consistent with policies of the Flood Control Act of 1936 
(Public Law 74-738, 74th Congress). Additional work was required 
on revetment for eroding levees, and the project cost was adjusted. 
Requirements were added for local interests to provide rights-of-
way and hold the federal government harmless from damage 
claims. 

 
 

 

 

- Flood Control Act of 1941 – Public Law 77-228 (77th Congress) 
is the Flood Control Act of 1941. The 1941 act modified previous 
acts in accordance with HD 205 (77th Congress). The act 
authorized federal expenditures for completion of the project, and 
required the following local cooperation: 

o Furnish all rights-of-way, including railway, highway, and all 
other utility modifications 

o Hold and save the United States free from damage claims 

o Maintain and operate all works after completion in accordance 
with regulations prescribed by the Secretary of the Army 

Construction of the SRFCP began in 1918 and continued for decades. By 
1944, the project was regarded as being about 90 percent complete. The 
plan for completing the project was presented in the November 30, 1953, 
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“MOU Respecting the Sacramento River Flood Control Project” between 
USACE and The Reclamation Board (see reference DVD) (USACE and 
The Reclamation Board, 1953). This Memorandum of Understanding 
(MOU) included levee construction standards for river project levees and 
bypass levees, and outlined maintenance responsibilities. The plan included 
no difference in levee standards for urban versus agricultural levees. By 
1961, the project was essentially completed (Kelley, 1989). 

Some documents refer to the project from these authorizations as the “Old” 
Sacramento River Flood Control Project. 

- Sacramento River and Major and Minor Tributaries Project – 
The Sacramento River and Major and Minor Tributaries Project was 
initially authorized by the federal government in the Flood Control 
Act of 1944 (Public Law 78-534, 78th Congress), and was further 
amended by the Flood Control Act of 1950 (Public Law 81-516, 
81st Congress). The project was a modification and extension of the 
SRFCP, and was to supplement reservoir storage by reducing the 
flooding potential to certain areas along the Sacramento River. 

The project provided for levee construction and/or channel 
enlargement of the following minor tributaries of the Sacramento 
River: Chico and Mud creeks and Sandy Gulch, Butte and Little 
Chico creeks, Cherokee Canal, Elder Creek, and Deer Creek 
(Tehama County).  In addition, the project also included revetment 
of levees for the Sutter, Tisdale, Sacramento, and Yolo bypasses.  
Minor tributary improvements were to reduce flood risk to about 
80,000 acres of agricultural land important to the economy of the 
region and to the City of Chico and other smaller communities. 
Bypass levee revetment features of the project were to reduce flood 
risk to floodplain lands adjacent to the bypasses, and ideally would 
decrease requirements for levee repairs under emergency conditions 
(USACE, 1999). 

- American River Flood Control Project – The American River 
Flood Control Project was authorized by the federal government in 
the Flood Control Act of 1954 to reduce flood risk along the lower 
American River.  The project was constructed in 1958 by USACE, 
and includes approximately 8 miles of levee along the north bank of 
the American River between Carmichael Bluffs and the terminus of 
the SRFCP levee near the State Fairgrounds. 

- Sacramento River – Chico Landing to Red Bluff – The 
Sacramento River project for bank protection and channel 
improvements from Chico Landing to Red Bluff was authorized by 
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the federal government in the Flood Control Act of 1950, as 
amended by the Flood Control Act of 1958 (Public Law 85-500, 
85th Congress). The project was authorized in accordance with 
recommendations by the USACE Chief of Engineers in HD 272 
(84th Congress). The project was a modification and extension of 
the SRFCP, and was to increase bank protection along the 
Sacramento River from Chico Landing to Red Bluff and lower 
portions of its principal tributaries to reduce flood risk with 
discharges modified by Shasta Dam and Black Butte Reservoir. 
This reservoir was planned to be constructed soon after the project. 
The area encompassed by the project included the Sacramento 
River from Chico Landing to Red Bluff, and lower portions of 
Antelope, Mill, Deer, Pine, Elder, Thomes, and Stony creeks 
(USACE, 1999). 
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- Middle Creek Project – The Middle Creek Project, upstream from 
Clear Lake, was authorized by the Flood Control Act of 1954, 
Section 203. The authorized project was in accordance with 
recommendations by the USACE Chief of Engineers in HD 367 
(81st Congress). Authorizing legislation by the State of California is 
contained in Section 12656.5 of the CWC and was enacted under 
the California Statutes of 1955. This project reduces local flood 
risk. 

 
 

 

 
- Lake Oroville Project – Federal participation in the construction of 

Oroville Dam was authorized by the Flood Control Act of 1958 
(Public Law 500, 85th Congress). The federal interest was flood 
control provided by the flood control storage reservation of 750 
thousand acre-feet (TAF). This authorization also included the non-
SPFC New Bullards Bar and the Marysville Dam (not constructed 
at the time of this writing). 

- Sacramento River Bank Protection Project – The SRBPP was 
authorized by the Flood Control Act of 1960 (Public Law 86-645, 
86th Congress) to repair eroding levees along levee reaches of the 
Sacramento River. The project modifies the existing SRFCP 
through a program for bank erosion control works and setback 
levees within the limits of the existing levee system. Phases I and II 
have modified the SRFCP through construction of more than 
835,000 linear feet of bank protection and setback levees.  USACE 
and the Board will begin investigation of a Phase III in 2010. 

- North Fork Feather River Project – The North Fork Feather 
River Project at Chester was authorized by Section 203 of the Flood 
Control Act of 1968 (Public Law 90-483, 90th Congress). The 

March 2010 2-51 



2012 Central Valley Flood Protection Plan 
Regional Conditions Report – A Working Document 

authorized local project was in accordance with recommendations 
by the USACE Chief of Engineers in HD 314 (90th Congress). This 
project, consisting of a diversion dam, channel, and levees, reduces 
local flood risk. 

- Snagging and Clearing Projects – The Continuing Authorities 
Program allows USACE to respond to a variety of flood problems 
without the need to obtain specific Congressional authorization for 
each project. Section 208 of the 1954 Flood Control Act, as 
amended, allows work to remove accumulated snags and other 
debris, and to clear and straighten stream channels. Three projects 
in the Sacramento River Basin are snagging and clearing projects: 

o Adin Project – A flood control project was authorized by the 
federal government for Ash and Dry creeks at Adin in Modoc 
County in the Flood Control Act of 1937, and modified by the 
Flood Control Act of 1954. Ash and Dry creeks are tributary 
streams to the Pit River above Shasta Dam. This project reduces 
local flood risk. 

o Salt Creek Project – The Salt Creek Project was authorized by 
Section 2 of the Flood Control Act of 1937, as amended by 
Section 208 of the Flood Control Act of 1954. This project 
reduces local flood risk. 

o McClure Creek Project – The McClure Creek Project was 
authorized by Section 2 of the Flood Control Act of 1937, as 
amended by Section 208 of the Flood Control Act of 1950. This 
project reduces local flood risk. 

San Joaquin River Basin Projects 
Components of the SPFC located in the San Joaquin River Basin include 
the LSJRTP, Littlejohns Creek and Calaveras River Stream Group Project, 
including the New Hogan and Farmington projects, and the Merced County 
Stream Group Project. 

• Lower San Joaquin River and Tributaries Project – Improvement of 
lower reaches of the San Joaquin River and tributaries was authorized 
by the federal government in the Flood Control Act of 1944 (Public 
Law 78-534).  The project provided for improvement by the federal 
government of the existing channel and levee system on the San 
Joaquin River from the Delta upstream to the mouth of the Merced 
River, and the lower reaches of the Stanislaus and Tuolumne rivers, by 
raising and strengthening existing levees, constructing new levees, 
constructing revetments on riverbanks where required, and removing 
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accumulated snags in the main river channel.  The project also reduces 
flood risk for areas above the mouth of the Merced River through State 
construction of levee and channel improvements, authorized by the 
federal government in the Emergency Flood Control Funds Act of 
1955. The project includes a State-designed and -constructed bypass 
system in the upper reaches of the project area. Project construction 
was completed in 1972. 
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• Buchanan Dam and Eastman Lake Project – The Buchanan Dam, 
Eastman Lake Project, was authorized by the Flood Control Act of 
1962 (Public Law 87-874, 87th Congress) in accordance with 
recommendations by the USACE Chief of Engineers in SD 98. The 
dam and reservoir are not part of the SPFC, but the channel 
improvements downstream from Buchanan Dam on the Chowchilla 
River and tributaries are included in the SPFC. 

 
 

 

• Hidden Dam and Hensley Lake Project – The Hidden Dam and the 
Hensley Lake Project were authorized by the Flood Control Act of 
1962 (Public Law 87-874, 87th Congress) substantially in accordance 
with recommendations by the USACE Chief of Engineers in SD 37 
(87th Congress). The dam and reservoir are not part of the SPFC, but 
the channel improvements downstream from Hidden Dam on the 
Fresno River are included in the SPFC. 

 
 

 

 
• Merced County Stream Group Project – Improvement of the Merced 

County Stream Group was authorized by the Flood Control Act of 1944 
(Public Law 78-534, 78th Congress). The authorization was based on 
HD 473 (78th Congress). The project includes a diversion from Black 
Rascal Creek to Bear Creek, a diversion between Owens Creek and 
Mariposa Creek, channel improvements and levees, and one retarding-
type reservoir east of the City of Merced. The project reduces flood risk 
to agricultural areas, the City of Merced, and the towns of Planada and 
Le Grand and other smaller communities. Of the five authorized 
reservoirs, the State provided assurances to the federal government for 
only one reservoir, Castle Dam, authorized by the Flood Control Act of 
1970 (Public Law 91-611, Section 201, Statute 1824). 

• Bear Creek Project – The Bear Creek Project was authorized by the 
Flood Control Act of 1944 (Public Law 78-534, 78th Congress). Bear 
Creek is a tributary to the San Joaquin River in the Delta near Stockton. 
The Bear Creek channel and levee improvements are included in 
USACE Chief of Engineers recommendations to the Secretary of the 
Army in HD 545. 
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• Littlejohns Creek and Calaveras River Stream Group Project – 
The Littlejohns Creek and Calaveras River Stream Group Project was 
authorized by the Flood Control Act of 1944 (Public Law 78-534, 78th 
Congress). This act authorized improvement of Littlejohns Creek and 
Calaveras River and tributaries in accordance with recommendations by 
the USACE Chief of Engineers in HD 545. The project included a 
diversion from Duck Creek to Littlejohns Creek and other channel 
improvements and levees. 

• Farmington Dam Project – The Farmington Dam Project was 
authorized by the Flood Control Act of 1944 (Public Law 78-534, 78th 
Congress). This act authorized improvement of Littlejohns Creek and 
tributaries in accordance with recommendations by the USACE Chief 
of Engineers in HD 545. Farmington Dam is not part of the SPFC, but 
channel improvements along South Littlejohns Creek and its north and 
south branches are included in the SPFC. 

• Mormon Slough Project – The Mormon Slough Project was 
authorized by the Flood Control Act of 1962 (Public Law 87-874, 87th 
Congress). The authorization was in accordance with recommendations 
in HD 574. The USACE Chief of Engineers concurred with these 
recommendations in his 1962 report. The project includes channel 
improvements, levees, and pumping plants. 

Existing Federal Participation in Other Non-SPFC Flood Protection 
Projects   In addition to SPFC facilities, USACE has an interest and role in 
other flood management projects in the Central Valley. While these are not 
part of the SPFC, operation of these projects influences operation of the 
SPFC, especially in reducing flood peak flows through the SPFC levee 
system. The following information is provided in an overview level of 
detail to show other projects that function along with the SPFC as a flood 
protection system. 

Multipurpose Reservoir Projects 
Many of the 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.  Debris dams in the upper Yuba River Basin contribute in a 
minor way to flood management in the Sacramento River Basin, and 
hydroelectric reservoirs in the Upper Sacramento River Region provide 
credit space for larger downstream multipurpose reservoirs. Major 
multipurpose storage projects that contribute significantly to flood 
management are listed in Table 2-2 in chronological order of construction. 
USACE has participated in each of these reservoirs by establishing 
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(funding in most cases) seasonal flood reservation storage and developing 
rules for operation of flood storage. Note that Oroville Dam is the only 
major multipurpose project listed that is part of the SPFC.  Multipurpose 
reservoirs within the Sacramento and San Joaquin river basins are shown 
on Figure 2-3.  Further information about these reservoirs such as 
construction date and capacity are tabulated in the Draft SPFC Descriptive 
Document (DWR, 2010b). 
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During high-water periods, reservoir operators coordinate with DWR and 
USACE during daily operations conferences at the State-federal Flood 
Operations Center in Sacramento. These conferences lead to voluntary 
modifications of individual reservoir operating rules to improve overall 
system operation. In total, these reservoir operations significantly reduce 
flood flows to the downstream levee system. 
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Figure 2-3.  Multipurpose Reservoirs Within the Sacramento and San Joaquin River 
Basins 
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Table 2-2.  Major Multipurpose Reservoir Project Summary 
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Reservoir Dam Date 
Constructed 

Total 
Reservoir 
Capacity 

(thousand 
acre-feet) 

Flood Storage 
Capacity 

(thousand acre-
feet) 

Owner/Operator 

Sacramento River Basin 

Shasta Lake Shasta Dam 1949 4,550 1,300 Reclamation 

Black Butte Lake Black Butte Dam 1963 160 137 USACE 

Folsom Lake Folsom Dam 1956 1,000 4002 Reclamation 

Lake Oroville Oroville Dam1 1967 3,540 750 DWR 

New Bullards 
Bar Reservoir 

New Bullards 
Bar Dam 1967 960 170 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 521 390 Reclamation 

Lake McClure New Exchequer 
Dam 1967 1,025 400 Merced Irrigation 

District 

New Don Pedro 
Reservoir 

New Don Pedro 
Dam 1970 2,030 340 

Turlock and 
Modesto Irrigation 
Districts 

Hensley Lake Hidden Dam 1975 90 65 USACE 

Eastman Lake Buchanan Dam 1975 150 45 USACE 

New Melones 
Lake 

New Melones 
Dam 1978 2,420 450 Reclamation 

March 2010 2-57 



2012 Central Valley Flood Protection Plan 
Regional Conditions Report – A Working Document 

Table 2-2.  Major Multipurpose Reservoir Project Summary (Contd.) 

Reservoir Dam Date 
Constructed 

Total 
Reservoir 
Capacity 

(thousand 
acre-feet) 

Flood Storage 
Capacity 

(thousand acre-
feet) 

Owner/Operator 

Los Banos 
Reservoir 

Los Banos 
Detention Dam 1965 34.6 14 Reclamation/DWR 

Pardee 
Reservoir Pardee Dam 1963 198 

2003 East Bay Municipal 
Utilities District 

Camanche 
Reservoir Camanche Dam 1963 431 

New Hogan 
Reservoir 

New Hogan 
Dam 1964 325 165 USACE 

Source: USACE, 1997 

Notes: 
1  Oroville Dam is part of the State Plan of Flood Control 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 TAF and 670 TAF to take credit for seasonally available storage 
in upstream reservoirs. 
3  Camanche Dam 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 
TAF = thousand acre-feet 
USACE = U.S. Army Corps of Engineers 

Local and Regional Projects 
The federal government has an interest in local projects for which local or 
regional entities, rather than the State, provided assurances. 

• Yuba River Goldfields – The Yuba River gravel training walls 
constructed by the California Debris Commission provide substantial 
flood benefits to the Yuba River Basin inhabitants. These facilities are 
maintained by the federal government. 

• Chico Landing and Kesswick Dam – As discussed above, the bank 
protection projects from Chico Landing to Red Bluff are part of the 
SPFC. However, the authorizing legislation provided in the Flood 
Control Act of 1958 recognized the encroachment of development into 
the floodplain of the Sacramento River below Keswick Dam – 
development would ultimately prevent Shasta Dam from being 
operated to provide the benefits for which it was authorized. 
Accordingly, HD 272 (84th Congress) required local interests to enact 
and enforce adequate zoning regulations to prevent construction of 
permanent improvements within the floodplain. 

2-58 March 2010 



 2.0 Planning Area Description 

Glenn, Butte, Tehama, and Shasta counties are involved in the 
zoning requirement from Chico Landing to Keswick Dam. Glenn, 
Butte, and Tehama counties adopted ordinances in 1972, 1971, and 
1974, respectively, to control development within the 100-year 
floodplain. O&M Manual SAC512 mentions that these ordinances 
together with the State’s Designated Floodway Program (see 
Section 2.1.6) satisfy the floodplain zoning requirement. Shasta 
County has a Designated Floodway (FI) District that includes the 
Sacramento River from Keswick Dam to the Shasta-Tehama county 
line, but the O&M manual makes no mention of when this was first 
instituted. 
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• Big Dry Creek Dam and Diversion Project – Big Dry Creek Dam 
was authorized by the federal government in the Flood Control Act of 
1941 (Public Law 77-288, 77th Congress). The project includes an 
earth-fill dam across the channel of Big Dry Creek, creating a reservoir 
with a maximum capacity of 16,250 acre-feet and all storage space 
reserved for flood management. The project also includes 
accompanying diversion facilities both upstream and downstream from 
the dam. Flows from the dam in excess of downstream capacities are 
diverted to the San Joaquin River downstream from Friant Dam. 

 
 

 
 

 

This project, located about 10 miles northwest of Fresno, reduces flood risk 
for the cities of Fresno and Clovis and the surrounding areas.  Modification 
of the Big Dry Creek Dam and Diversion Project was included as one of 
the component features of the Redbank and Fancher Creeks Flood Control 
Project authorized by the Water Resources Development Act (WRDA) of 
1986. Although the State originally provided assurances to the federal 
government for the project in 1947, the 1987 Local Cooperation Agreement 
signed between USACE and the Fresno Metropolitan Flood Control 
District superseded the 1947 agreement – assurances are now provided by 
the district. The capacity of the Big Dry Creek Dam and Diversion Project 
was increased from 16,250 acre-feet to 30,200 acre-feet as part of the 1986 
project (USACE, 1997). 

• Duck Creek Project - The Duck Creek Project was authorized by the 
Flood Control Act of 1944 (Public Law 78-534, 78th Congress). This 
act authorized improvement of Littlejohns Creek and tributaries in 
accordance with recommendations by the USACE Chief of Engineers 
in HD 545. The San Joaquin County Board of Supervisors, on behalf of 
the San Joaquin County Flood Control and Water Conservation 
District, provided assurances to the federal government for lands, 
holding the federal government free from damages, and for O&M. 
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• Stanislaus River Local Interest Project Levees - Improvements for 
the Stanislaus River channel (New Melones Project) and local interest 
project levees (LIPL) below Goodwin Dam were authorized by the 
federal government in the Flood Control Act of 1962 (Public Law 87-
874). USACE was given responsibility for maintenance if local 
interests agreed to prevent encroachment of the existing channel and 
floodway and maintain private levees.  In 1963, The Reclamation 
Board (now the Central Valley Flood Protection Board, or Board) 
accepted responsibility as the nonfederal sponsor. 

On June 19, 1981, The Reclamation Board adopted the Stanislaus River 
Designated Floodway, including the existing channel and LIPL along the 
Stanislaus River between Goodwin Dam and the San Joaquin River 
confluence. In Resolution 81-33, the Board accepted USACE’s offer for 
the Board to exercise USACE property rights in the designated floodway 
and project floodway. The Board also delegated control of encroachments 
in those areas to the USACE Sacramento District. 

The Board provided assurances to USACE that if the LIPLs are not 
satisfactorily maintained, the Board will extend the encroachment lines of 
the designated floodway to include the area that would be flooded during a 
design flood if those levees did not exist. 

• Kings River and Tulare Basin Project - The Kings River and Tulare 
Lake Basin Project was adopted and authorized by the Flood Control 
Act of 1944 (Public Law 78-534, 78th Congress). The authorization 
was substantially in accordance with the recommendations by the 
USACE Chief of Engineers in HD Number 630 (76th Congress, Third 
Session) and as modified by data in Design Memorandum No. 3, Kings 
River and Tulare Lake, California, Kings River Channel Improvement, 
General Design, dated April 20, 1959, and by Letter Supplement No. 1 
to Design Memorandum No. 3, by the District Engineer, USACE 
Sacramento District. The Kings River Conservation District gave 
assurances for cooperation with the federal government instead of the 
State providing assurances. During flood times, the project discharges 
water (up to 4,750 cfs) through the James Bypass to the Fresno Slough, 
a tributary of the San Joaquin River. This discharge directly affects 
operation of the Chowchilla Canal Bypass and San Joaquin River 
Control Structures (see O&M Manual SJR601B, Sections 3.2.6 and 
3.2.7). 

• Merced County Stream Group Project - The State provided 
assurances to the federal government for portions of the Merced County 
Stream Group Project (see Section 2.1.2). In addition, USACE built and 
operates four retention-type reservoirs: 
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- Mariposa Dam (completed in 1948) is located on Mariposa Creek, 
about 18 miles east of Merced.  Mariposa Reservoir has 15 TAF of 
flood management space, which is equal to the gross storage.  The 
dam is owned, operated, and maintained by USACE. 

 
 

- Owens Dam (completed in 1949) is located on Owens Creek about 
16 miles east of Merced.  Owens Reservoir has 3.6 TAF of flood 
management space, which is equal to the gross storage.  The dam is 
owned, operated, and maintained by USACE. 
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- Burns Dam (completed in 1950) is located on Burns Creek, about 
13 miles northeast of Merced.  Burns Reservoir has 6.8 TAF of 
flood management space, which is equal to the gross storage.  The 
dam is owned, operated, and maintained by USACE. 

 
 

- Bear Dam (completed in 1954) is located on Bear Creek about 16 
miles northeast of Merced.  Bear Reservoir has 7.7 TAF of flood 
management space, which is equal to the gross storage.  The dam is 
owned, operated, and maintained by USACE. 

 
 

• In Progress Projects - Several projects are in planning, design, or 
construction phases, and other projects have been completed. The Bear 
River setback levee, and improvements to Dry Creek and Stockton 
levees are examples of completed projects. Examples of projects that 
are in progress are the Hamilton City Flood Damage Reduction and 
Ecosystem Restoration Project, Folsom Dam Modifications Project, and 
early implementation projects including those that have been underway 
with State bond funding since 2006. Some of these in progress and 
completed projects are expected to eventually become part of the SPFC, 
but some may not. These projects can only become part of the SPFC 
after construction is completed and they are accepted by USACE, 
USACE prepares the O&M manuals, the projects are transferred to the 
State, and the State accepts the projects. All or portions of some 
projects like the Middle Creek Project may be deauthorized and 
removed from the SPFC. 

 

 

Other Non-SPFC Flood Protection Facilities   In addition to the projects 
described in the previous section, the flood protection system in the Central 
Valley includes other facilities that are not part of the SPFC. They are 
briefly discussed here. 

Nonproject Levees 
Nonproject, or local, levees and related facilities have been constructed by 
local agencies along many of the rivers, creeks, and streams in the Central 
Valley. Many of these facilities are operated and maintained similar to 
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project facilities and connect to project facilities. By definition, they are not 
part of the SPFC, however, it is important to recognize that these 
nonproject levees affect the performance of the SPFC as part of the flood 
protection system. In addition, the levee system in the Delta downstream 
from Collinsville on the Sacramento River and downstream from the 
Stockton area on the San Joaquin River is composed entirely of nonproject 
levees maintained by USACE (e.g., levees of the Sacramento and Stockton 
ship channels) or local interests. Some of these levees have O&M manuals, 
but not SPFC manuals. 

Other Nonproject Facilities 
Numerous other flood protection facilities are owned and operated by local 
entities that are not part of the SPFC. These include the following: 

• Local levees and floodwalls within SPFC-levee-protected areas. 

• Local pumping plants that discharge drainage water into SPFC-leveed 
channels. Examples include a number of pumping plants owned and 
operated by local RDs and LDs and communities to pump interior 
storm runoff into the larger waterways. 

Designated Floodways 
Designated floodways are not part of the SPFC facilities, as defined in the 
Public Resources Code (PRC) Section 5096.805e because they are State-
designated without assurances to, or participation of, the federal 
government. However, these floodways provide an important management 
tool to help the State meet its requirement for passing project design flows 
(see Section 6.8 for designated floodways as a condition of project 
operation). 

Designated floodways are the primary nonstructural flood management 
program employed by the State of California. The program was started in 
1968 to control encroachments and preserve the flow regimes of floodways 
to protect public improvements, lives, and land-use values (CWC Section 
8609). Designated floodways are defined as follows: (1) the channel of the 
stream and that portion of the adjoining floodplain reasonably required to 
provide for the passage of a design flood, as indicated by floodway 
encroachment lines on an adopted map, or (2) the floodway between 
existing levees, as adopted by the Board or the Legislature. 

Designated floodways serve a critical function in protecting life and 
property from flood risks. The designated floodway system includes more 
than 60 designated floodways covering more than 1,300 miles of stream 
length.  There are designated floodways along the Sacramento and San 
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Joaquin rivers as well as major tributaries. There are additional designated 
floodways in the Tulare Lake Basin.  

To designate a floodway, the Board usually completes a detailed hydraulic 
study to determine the design discharge associated with the design flood 
(usually 100-year recurrence interval) and the area of flooding that would 
result from the design flood. The findings of the study are then used to 
delineate floodway maps and, in some cases, determine areas of shallow 
flooding. In other cases, floodway boundaries are developed using 
analytical methods based on engineering judgment and review of historical 
floods.  In proposing or revising designated floodways, the Board must also 
consider (1) flood control improvements and regulations affecting the 
floodplain, (2) the degree of danger from flooding to life, property, and 
public health and welfare, and (3) rate and type of development taking 
place on the floodplain (23 CCR Section 102). 
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Land uses within an adopted designated floodway are restricted to not 
impede the free flow of water in the floodway or jeopardize public safety 
(23 CCR Section 107). In general, activities such as agriculture, grazing, 
and recreation are allowed, as are structures and activities that can be 
quickly and easily removed or pose little impedance to river flow.  The 
Board has the authority to determine additional permitted uses within the 
floodplain on a case-by-case basis. 

Flood Management Facilities 
The flood management system includes both project and non-project (local) 
facilities. Project facilities are under the assurances of cooperation provided 
by the State to the federal government13,14 and are eligible for USACE 
rehabilitation under Public Law 84-99. Non-project levees and related 
facilities have been constructed and maintained by local agencies along 
many of the rivers, creeks, and streams in the Central Valley. By definition 
they are not a part of the State-federal system or the SPFC, but these non-
project facilities may affect the performance of project facilities as part of 
the greater Sacramento-San Joaquin Flood Management System. 

 
13 “State Plan of Flood Control” means the State and federal flood control works, lands, 

programs, plans, conditions, and mode of O&M of the SRFCP described in CWC Section 
8350, and of flood control projects in the Sacramento and San Joaquin river basins 
authorized pursuant to Article 2 (commencing with CWC Section 12648) of Chapter 2 of 
Part 6 of Division 6 for which the Board or DWR has provided the assurances of 
nonfederal cooperation to the United States, which will be updated by DWR and compiled 
into a single document entitled “The State Plan of Flood Control.” 

14 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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Sacramento River Basin   The basic flood management system in the 
Sacramento River Basin consists of a series of levees and bypasses placed 
to protect selected areas and take advantage of some of the natural 
overflow basins. The management system includes non-project levees 
along the east bank of the Sacramento River; on the east bank south of Big 
Chico Creek; levees 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 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 connecting the Butte, 
Sutter, and Yolo basins. During low stages on the Sacramento, water in 
these basins can reconnect with the Sacramento River at several points: the 
Butte Slough Outfall Gates, the terminus of the Sutter Bypass at Verona, 
and the east levee toe drain at the terminus of the Yolo Bypass above Rio 
Vista. 

In addition to the levee system, the flood management system uses reserved 
flood storage space in selected reservoirs on the Sacramento, Feather, 
Yuba, and American rivers.  These reservoirs help to attenuate flood flow 
by holding back floodwater and, ideally, releasing water into the rivers at a 
slower rate. 

San Joaquin River Basin   The flood management system in the San 
Joaquin River Basin consists of levees (both project and non-project), 
bypasses, and associated control structures.  Project levees are located 
along the lower portions of Ash and Berenda sloughs, Bear Creek, Fresno, 
Stanislaus, and Calaveras rivers, and along sections of the San Joaquin 
River.  The Chowchilla Canal Bypass diverts excess San Joaquin River 
flow to the Eastside Bypass.  The Eastside Bypass also collects flows from 
minor tributaries and rejoins the San Joaquin River between Fremont Ford 
and Bear Creek. In addition to the levees and bypasses, the flood 
management system uses reserved flood storage space in selected 
reservoirs on the San Joaquin River and major tributaries (as discussed in 
the “Multipurpose Dams and Reservoirs” section) to reduce peak flood 
discharges. 

The Delta   The Delta is downstream from the flood control systems of the 
Sacramento and San Joaquin rivers. Therefore, flood control and 
multipurpose reservoirs of the Sacramento and San Joaquin river systems 
contribute to flood protection in the Delta. On the other hand, some flood 
protection infrastructure exacerbate flood risk in the Delta by channeling 
upstream flood waters directly to the Delta, which under more natural 
conditions, would have been attenuated by upstream floodplains. The Delta 
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relies on a network of levees for protection.  The levees generally do not 
provide 100-year flood protection for adjoining lands (100-year flood 
protection represents protection against a flood that has a 1 percent 
probability of occurring each year). The Harvey O. Banks Delta Pumping 
Plant and Tracy Pumping Plant are the primary southern Delta pumping 
facilities located in the Clifton Court Forebay. These pumping facilities are 
primarily used for water supply, but can be used to provide emergency 
flood relief for the southern Delta. During the 1997 flood event, pumping at 
the Banks Pumping Plant exceeded inflows to the Clifton Court Forebay to 
relieve southern Delta flooding and provide emergency flood control space 
(USACE, 2002b). This reduced water surface in the forebay to the 
minimum operational level. In addition, the Delta Cross Channel conveys 
water from the Sacramento River to the Tracy Pumping Plant, designed to 
combat salt water intrusion in the Delta and dilute local pollution from the 
San Joaquin River. The control gates of the Delta Cross Channel are closed 
during high water to lower Mokelumne River flood stages in the eastern 
Delta. 
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The following sections describe the flood management facilities in the 
Sacramento and San Joaquin river basins.  The sections describe project 
facilities and non-project facilities, shown on Figure 2-4.  Figures 2-5 
through 2-9 show project and non-project facilities for each of the five 
smaller planning regions within the Sacramento and San Joaquin river 
basins. 
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Figure 2-4.  Project and Non-Project Levees within the Sacramento and San Joaquin 
River Basins 
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Figure 2-5.  Central Valley Flood Protection Plan, Upper Sacramento 
River Region 
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Figure 2-6.  Central Valley Flood Protection Plan, Lower Sacramento River 
Region 
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Figure 2-7.  Central Valley Flood Protection Plan, Upper San Joaquin 
River Region 
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Figure 2-8.  Central Valley Flood Protection Plan, Lower San Joaquin River 
Region 
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Figure 2-9.  Central Valley Flood Protection Plan, Delta Region 
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SPFC Facilities  

This subsection presents a high-level summary of the SPFC facilities that 
are described in more detail in the SPFC Descriptive Document (DWR, 
2010b).  Figures 2-10 shows an overview of the SPFC facilities. 

 

Except for the backwater effect of flows mingling in the Delta, SPFC 
facilities on the Sacramento River and tributaries operate independently 
from SPFC facilities on the San Joaquin River and tributaries. The 
Sacramento River system carries flood flows that are about 10 times greater 
in volume than those in the San Joaquin River system. 

2.
1.

2 
 

Both the Sacramento and San Joaquin rivers use bypass systems to carry a 
large portion of floodwater. Together, the rivers and their tributaries have 
nearly 1,600 miles of project levees. Non-SPFC reservoirs in each system 
have flood reservation storage that significantly helps attenuate flows and 
aids in operation of downstream SPFC facilities. 

 
 

 

Sacramento River Basin   The flood management system along the 
Sacramento River and tributaries manages flood flows originating from an 
area of approximately 27,000 square miles. Major tributaries to the 
Sacramento River include the Feather, Yuba, Bear, and American rivers, 
which discharge to the Sacramento River from the east. Three smaller 
upstream SPFC projects (North Fork Feather River near Chester, Middle 
Creek, and Adin projects) are on streams tributary to the Sacramento River.  
Figure 2-11 shows an overview and design flow capacities of SPFC 
facilities in the Sacramento River Basin. 
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Figure 2-10.  Overview of SPFC Facilities in the Central Valley 
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Figure 2-11.  Design Flood Flow Capacities Within the Sacramento River, Bypasses, 
and Major Tributaries and Distributaries in the Sacramento River Basin 

March 2010 2-75 



2012 Central Valley Flood Protection Plan 
Regional Conditions Report – A Working Document 

Upstream from Ord Ferry at about RM 183 on the Sacramento River, most 
SPFC facilities were constructed primarily to help reduce local flooding 
and have no association with the continuous flood management system that 
stretches from Ord Ferry to Collinsville in the Delta. 

Flow in the Sacramento River is reduced by spilling floodwater into bypass 
areas through historic overflow areas and SPFC weirs. The first spill from 
the Sacramento River occurs just upstream from the start of the levee 
system at Ord Ferry. Floodwater leaves the river through three non-SPFC 
flood overflow areas and flows into the Butte Basin, which drains into the 
Sutter Bypass. Additionally, floodwater spills into bypasses over five SPFC 
weirs. Because of these spills to the bypass areas, the design flow capacity 
of the Sacramento River generally decreases in a downstream direction 
except where tributary inflow increases river flow locally. For example, the 
design capacity of the Sacramento River upstream from the leveed system 
is about 260,000 cfs. Downstream from the Tisdale Weir, the design 
capacity of the river is only 30,000 cfs. 

The comprehensive system of SPFC levees, river channels, overflow weirs, 
drainage pumping plants, and flood bypass channels is the largest flood 
management system in California. This system includes the following 
major SPFC facilities: 

• 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) 

• Four relief bypasses (Sutter, Tisdale, Sacramento, and Yolo bypasses) 

• Knights Landing Ridge Cut to connect 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 

• Numerous appurtenant structures such as minor weirs and control 
structures, bridges, and gaging stations 
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San Joaquin River Basin   The flood management system along the San 
Joaquin River manages flood flows originating from an area of 
approximately 16,700 square miles in the Sierra Nevada, Central Valley, 
and Coastal Ranges in Central California. Major tributaries to the San 
Joaquin River include the Mokelumne, Calaveras, Stanislaus, Tuolumne, 
Merced, and Fresno rivers, which discharge to the San Joaquin River from 
the east. In addition, during flood release events from Pine Flat Reservoir, 
some Kings River flows are diverted north through the James Bypass into 
the San Joaquin River. 
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Unlike on the Sacramento River, where SPFC levees are continuous from 
Ord Ferry to the Delta, San Joaquin River SPFC levees are intermittent 
from near RM 225 to the Delta. The Chowchilla, Eastside, and Mariposa 
bypasses are the main SPFC facilities for the upstream portion of the San 
Joaquin River system. For portions of the system, these bypasses are the 
only SPFC facilities, and the San Joaquin River itself is not part of the 
SPFC. The bypass system ends upstream from the Merced River. 

 
 

 

Figure 2-12 shows an overview and design flow capacities of SPFC 
facilities in the San Joaquin River Basin. The State operates SPFC facilities 
in the San Joaquin River Basin based on the 1955 profile rather than on 
design flows from the O&M manuals. Where the design flow capacities 
from O&M manuals were different for the left-bank levee and right-bank 
levee along a particular reach, the lowest capacity is shown on Figure 2-12. 
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Figure 2-12.  Design Flood Flow Capacities Within the San Joaquin River, Bypasses, 
and Major Tributaries and Distributaries in the San Joaquin River Basin 
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Major SPFC facilities along the San Joaquin River and tributaries 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 

 
2.

1.
2 

• 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  

 Local Flood Control Projects 
Non-project, or local, levees, by definition, are not a part of the State-
federal system or the SPFC.  However, it is important to recognize that 
these non-project levees affect the performance of the SPFC as part of the 
greater Sacramento-San Joaquin Flood Management System.  In addition, 
the levee system in the Delta downstream from Collinsville on the 
Sacramento River and downstream from the Stockton area on the San 
Joaquin River is composed entirely of non-project levees. 

The majority of Delta levees, more than 730 miles, are non-project levees 
that are not part of an authorized federal flood control project. These levees 
have been built and maintained by landowners or RDs to protect 
agricultural lands. Although not part of the State-federal system, failures of 
these non-project levees are recognized to affect the performance of the 
project levees and impact on surrounding lands and properties. A portion of 
the costs for non-project levee maintenance may be reimbursed under the 
Delta Levees Maintenance Program established in 1973, CWC Section 
12980 et seq., and reimbursement opportunities were also significantly 
increased by the Delta Flood Protection Act of 1988. While early levees 
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were built to different heights and cross sections, non-project levees at least 
are required to meet the State's Flood Hazard Mitigation Plan standards to 
be eligible for federal financial assistance in case of a flood. Over the last 
30 years, the State has provided supplemental financing for levee 
maintenance and emergency response through DWR’s Delta Levee 
Maintenance Subventions Program. 

Transient Flood Storage 
Transient flood storage is the temporary detention of water on the 
floodplains adjacent to rivers to allow for attenuating and delaying flood 
peaks by holding and slowly releasing floodwaters. This is achieved by the 
formation of artificial obstructions (e.g., weirs) to direct floodwater away 
from the river channel and to constrain flooding within a defined area. 
Bypasses, wetlands, and agricultural easements provide transient storage in 
the Sacramento and San Joaquin river basins (e.g., Yolo Bypass and San 
Luis National Wildlife Refuge (NWR) Complex). 

Diversions, Fish Screens, and Ladders 
A large number of diversion structures on rivers and streams to provide for 
irrigation and M&I water supplies. Larger and permanent diversions are 
equipped with fish screens and ladders to allow for fish passage. Most 
small diversion dams are constructed to seasonally divert water for 
irrigation and many have installed fish ladders. Some of the major 
diversions in the Sacramento and San Joaquin river basins include: 

• The Red Bluff Diversion Dam – diverts Sacramento River water into 
the Tehama-Colusa Canal and the Corning Canal; contains fish ladders. 

• The Anderson-Cottonwood Irrigation District Diversion Dam diverts 
water into the Anderson-Cottonwood Irrigation District canal; contains 
fish ladders. 

• The Glenn-Colusa Irrigation District’s Hamilton City Pumping Plant. 
With a diversion capacity of 3,000 cfs, it is the largest diversion on the 
Sacramento River (USACE, 1999). 

• Granlees Diversion Dam – The two fish ladders were retrofitted to 
allow fish access at a wider range of flows. 

• Fremont Weir, located at the northern end of the Yolo Bypass, includes 
a small fish ladder at the center of the weir that operates during floods 
that overtop the weir. 

• In the southern Delta, the two largest diversions are operated by the 
SWP and CVP. They have louvers to guide juvenile fish into bypasses 
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and holding facilities, where salvaged fish are collected and transported 
back to the Bay Area and Delta.  

• The Contra Costa Water District (CCWD) has several diversions in the 
San Francisco Bay/Sacramento San Joaquin River Delta (Bay-Delta). 
They sporadically operate a diversion at Mallard Slough in Suisun Bay. 
New screens are in place at the Los Vaqueros Diversion on Old River. 
New screens are being constructed at the CCWD Rock Slough Intake. 

 
2.

1.
2 

Transportation  

Transportation plays an essential role in the economy and the overall 
functioning of society. Providing mobility enables individuals to participate 
in the labor force, visit friends and relatives, participate in cultural 
activities, and generally contribute to economic activity. The movement of 
goods and services, and the overall economic activity of a region, is also 
dependent on a functional transportation network. 

 
 

The Sacramento and San Joaquin river basins are served by a complex 
transportation network. Several major highways, rail lines, public transit 
systems, ports, and airports serve as the primary modes of travel and the 
transportation of goods and services. The location of many of the major 
transportation routes are shown on Figure 2-13. 

 
 

 

Counties are required to have a circulation or transportation element within 
their general plan. These general plan elements document the major 
transportation routes and methods within each county, which are 
summarized in this section. 

 

 

Only ports that have a regional significance are described below. Airports 
are described that are classified as Primary Commercial Service Airports 
according to the Federal Aviation Administration. 
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Figure 2-13.  Major Transportation Routes in the Sacramento and San Joaquin River 
Basins 
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Regional Transportation Routes and Methods   There are seven 
different regional transportation routes and methods discussed and listed 
below. These routes and modes provide the bulk of the regional movement 
of goods and services. 

 
 

Interstate 5 
I-5 is the major north-south route linking the entire west coast of the United 
States. It operates as a local, regional, and Interstate freeway, and is a major 
trucking route for many of the goods transported throughout the west coast. 

2.
1.
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Interstate 80 
I-80 is a major east-west route that links the west coast of the United States 
to the east coast. It is a major route used for local access, but it also 
functions as one of the major east-west routes of the country. 

 
 

State Route 99 
SR 99 is a major north-south route that runs almost the entire length of both 
the Sacramento and San Joaquin river basins. The highway runs east of I-5 
and serves as a trucking route, and access between most Central Valley and 
San Joaquin River Basin cities and communities. 

 
 

Union Pacific Railroad  

The Union Pacific (UP) Railroad is one of the major freight carriers on the 
west coast. It has tracks travelling in all directions. Many tracks are shared 
between UP and other rail carriers, as discussed below.  

 Burlington Northern Santa Fe 
Burlington Northern Santa Fe (BNSF) is the major competitor of UP.  
BNSF exclusively provides freight service. BNSF and UP share tracks. 

Amtrak 
Amtrak is the national passenger rail carrier throughout the United States. 
Amtrak does not own its own tracks, but uses the UP and BNSF rails. 
Services provided by Amtrak operate in all directions daily, with most 
stations based in larger communities. 

Greyhound 
Greyhound is the largest regional bus service in the United States. Most 
major cities within the United States have a Greyhound bus station. 
Greyhound buses run along the major highways including I-5, I-80, and SR 
99. Greyhound serves both large and small communities and provides 
service to many communities not served by rail. 
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Ports 
The Sacramento River Deep Water Ship Channel was constructed in 1963. 
This 30-foot-deep ship channel runs from Collinsville to the City of West 
Sacramento where the Port of West Sacramento is located. Nearly 50 
vessels carrying 595,246 metric tons of cargo called on the port in 2008 
(USACE, 2010). The lock at the upper end of this channel is no longer 
operated for shipping purposes, but continues to block the migration of all 
fish from the deep water channel back to the Sacramento River.  

The Port of Stockton is located in Stockton on the San Joaquin River.  
Constructed in 1933, the San Francisco Bay to Stockton Deep Water Ship 
Channel (Stockton Channel) extends from Suisun Bay near Chipps Island 
to Stockton. The Stockton Channel is 35 feet deep and can handle 55,000-
ton-class vessels with full loads. More than 300 ships and barges used the 
channel in 2005 (URS, 2007). Both the West Sacramento and Stockton 
ports are likely to expand in the future, which would result in an increase in 
ship and barge traffic through the Delta. 

Upper Sacramento River Region   The Upper Sacramento River Region 
includes portions of the counties of Shasta, Tehama, Butte, Glenn, Colusa, 
Sutter, and Yolo. Both I-5 and SR 99 are the major north-south routes 
along the entire reach of the region. Branching off of both I-5 and SR 99 
are several state highways that serve local communities with a majority of 
the routes being in an east-west direction. Below is a listing of the major 
routes within the region, as designated by the county general plan and the 
areas those routes serve. 

• SR 162, SR 36, SR 273, SR 299, and SR 151 serve the area west of I-5 
in Shasta, Tehama and Glenn counties 

• SR 44, SR 36, SR 32, and SR 70 serve the area east of I-5 in Shasta, 
Tehama and Butte counties 

• SR 20 and SR 16 serve the area west of I-5 in Colusa and Yolo counties 

• SR 32, SR 45, SR 162, SR 20, and SR 113 serve the area east of I-5 and 
west of SR 99 in Tehama, Glenn, Colusa, Sutter and Yolo counties 

No ports are located within this region; however, there are two airports. 
The Redding Municipal Airport is just south of Redding, while the Chico 
Municipal Airport is to the north of Chico.  There are several locally based 
small bus-only public transit systems within the region. These transit 
systems are listed below along with a description of their service area. 
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• Tehama Rural Area Express – Service connects Red Bluff, Corning, 
Los Molinos, Gerber, Tehama, and places in between  

• Redding Area Bus Authority – Serves the greater Redding 
Metropolitan Area 

 

• Glenn Ride Bus Service – Provides service from Chico to Willows 
with stops at Artois, Orland, and Hamilton City 2.

1.
2 

• Butte Regional Transit – Provides local service in Chico, Oroville, 
and Paradise with other travel to communities throughout Butte County 

 

• Yolo Bus – Serves Sacramento, Davis, Woodland, Vacaville, and 
Winters 

 
 

Lower Sacramento River Region   The Lower Sacramento River Region 
includes portions of the counties of Yolo, Sutter, Sacramento and Solano. I-
5 and SR 99 are the major north-south freeway routes. In addition, 
Interstate 505 (I-505) connects I-5 and I-80. SR 50 and I-80 are the major 
east-west routes. Many north-south routes start from and merge into I-80 
and SR 50. Below is a listing of the major routes within the region, as 
designated by the county general plan and the areas those routes serve. 

 
 

 

• SR 20, SR 70, SR 65, SR 16, and SR 104 serve the area east of SR 99 
in Butte, Yuba and Sacramento counties  

 • SR 133, SR 45, and SR 160 serve the area west of SR 99 and east of I-5 
in Yolo and Solano counties 

• SR 16, SR 113, SR 12, and SR 160 serve the area west of I-5 in Yolo 
and Solano counties 

There is one major port located within the Delta, the Port of West 
Sacramento. The port deals primarily with bulk items that are produced 
within the Central Valley, such as agricultural products and raw materials 
used in construction. 

The Sacramento International Airport (SMF) is located within the region. 
The airport is the busiest passenger airport within the entire Central Valley. 
No ports are located within the Lower Sacramento River Region. There are 
several public transit agencies located throughout the area, the largest being 
Regional Transit, which provides both bus and light rail services to the 
Sacramento Metropolitan Area. These transit systems are listed below 
along with a description of their service area. 
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• Regional Transit – Provides bus and rail service throughout the entire 
Sacramento Metropolitan Area 

• Fairfield/Suisun Transit – Local service within Fairfield and Suisun 
with regional transit to Vacaville, Dixon, Davis, Sacramento, Benicia, 
El Cerrito, Pleasant Hill, and Walnut Creek 

• Yolo Bus – Serves Sacramento, Davis, Woodland, Vacaville, and 
Winters 

• Vacaville City Coach – Local service within the city of Vacaville 

Delta   The Delta Region includes portions of the counties of Yolo, 
Sacramento, Solano, San Joaquin, and Contra Costa. I-5 and SR 99 are the 
major north-south routes, while I-80 and SR 50 are the major east-west 
routes within the region. Several major Interstates and State routes traverse 
the region serving the local population. Below is a listing of the major 
routes within the region, as designated by the county general plan and the 
areas those routes serve. 

• SR 12, SR 84, SR 113, SR 160, and SR 220 serve the area north of the 
Sacramento River in Sacramento and Solano counties 

• SR 12, SR 160, SR 4, SR 120 and Interstates 580 and 205 serve the 
area south of the Sacramento River in San Joaquin and Contra Costa 
counties 

There is one major port located within the Delta, the Port of Stockton. The 
port deals primarily with bulk items that are produced within the Central 
Valley, such as agricultural products and raw materials used in 
construction. Stockton Metropolitan Airport is the only commercial airport 
located within the region. There are also several locally based bus-only 
public transit systems within the region. These transit systems are listed 
below along with a description of their service area. 

• Regional Transit – Provides bus and rail service throughout the entire 
Sacramento Metropolitan Area 

• Yolo Bus – Serves Sacramento, Davis, Woodland, Vacaville, and 
Winters 

• San Joaquin Regional Transit – Local transit within the Stockton 
Metropolitan Area with regional transit reaching to Lodi, Tracy, 
Manteca, Ripon, Lathrop, Escalon, Modesto, and Sacramento 

2-86 March 2010 



 2.0 Planning Area Description 

Lower San Joaquin River Region   The Lower San Joaquin River Region 
includes portions of the counties of San Joaquin, Contra Costa, and 
Stanislaus. I-5 and SR 99 are the major north-south routes. Below is a 
listing of the major routes within the region, as designated by the county 
general plan and the areas those routes serve. 

 
 

• SR 12, SR 4, SR 26, SR 104, SR 120, and SR 88 serve the area east of 
SR 99 in Sacramento and San Joaquin counties 2.

1.
2 

• SR 132, SR 4, and SR 165 serve the area west of SR 99 in Contra Costa 
and Modesto counties 

 

• SR 132, SR 108, and SR 120 serve the area east of SR 99 in Modesto 
County 

 
 

No major ports are located within the region. Modesto City-County Airport 
is the only airport within the region. There are also several locally based 
bus-only public transit systems within the region. These transit systems are 
listed below along with a description of their service area. 

 
 

• San Joaquin Regional Transit – Local transit within the Stockton 
Metropolitan Area with regional transit reaching to Lodi, Tracy, 
Manteca, Ripon, Lathrop, Escalon, Modesto, and Sacramento  

• Modesto Area Express – Local service within the Modesto 
Metropolitan Area with regional service to Dublin and Manteca 

 

 
• Stanislaus Regional Transit – Regional transit among Modesto, 

Oakdale, Riverbank, Merced, Turlock, and Gustine 

Upper San Joaquin River Region   The Upper San Joaquin River Region 
includes portions of the counties of Merced, Madera, and Fresno. I-5 and 
SR 99 are the major north-south routes and several routes branch off of 
both I-5 and SR 99 to serve the communities to the east and west. Below is 
a listing of the major routes within the region, as designated by the county 
general plan and the areas those routes serve. 

• SR 140, SR 180, SR 41, SR 145, and SR 65 serve the area east of SR 
99 in Merced, Madera and Fresno counties 

• SR 152, SR 165, SR 140, SR 59, SR 33, SR 180, SR 41, and SR 145 
serve the area east of I-5 and west of SR 99 in Merced, Madera, and 
Fresno counties 

• SR 152 serves the area west of I-5 in Merced and Fresno counties 
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Within the region is the Fresno-Yosemite International Airport (FAT). This 
is the second busiest commercial airport after the SMF airport and an 
important transit hub for people living in the San Joaquin River Basin. No 
ports are located within the region; however, there are also several locally 
based bus-only public transit systems within the region. These transit 
systems are listed below along with a description of their service area. 

• Merced County Transit – Local service in Merced and Los Banos with 
regional transit among Merced, Los Banos, Hilmar, Turlock, Delhi, 
Livingston, and Atwater 

• Fresno Area Express – Local service throughout the entire Fresno 
Metropolitan Area with service in Fresno, Pinedale, and Clovis 

• Madera Area Express – Local service throughout the city of Madera 

• Chowchilla Area Transit Express – Local service throughout the city of 
Chowchilla 

• Madera County Connection – Regional transit among cities including 
Madera, Chowchilla, Fairmead, La Vina, Ripperdan, Eastin Arcola, 
Madera Ranchos, Coarsegold, Oakhurst, and North Fork 

Water Supply 
This section discusses the major water supply projects and facilities that 
impact integrated flood management in the Sacramento and San Joaquin 
river basins. 

Central Valley Project   Development and construction of the CVP was 
authorized under federal Reclamation law passed in 1902.  The CVP is the 
largest surface water storage and delivery system in California, including 
20 reservoirs with a combined storage capacity of approximately 11 MAF; 
eight powerplants, and two pump-generating plants with a combined 
generation capacity of approximately 2 million kilowatts; and 
approximately 500 miles of major canals and aqueducts.  The CVP supplies 
water to more than 250 long-term water contractors in the Central Valley, 
Santa Clara Valley, and Bay Area.  Figure 2-14 shows the locations of CVP 
and other major water supply facilities in the State. 
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Figure 2-14.  Major Water Supply Facilities in California 
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The CVP has the potential to deliver about 7 MAF annually to agricultural 
and M&I customers and for environmental purposes.  Of this 7 MAF, about 
6.2 MAF is supplied for agricultural uses, 0.5 MAF for urban uses, and 0.3 
MAF for wildlife refuges (DWR, 2005c). However, while an annual 
delivery capability of 7 MAF exists, actual deliveries have historically been 
much lower.  Historically, about 90 percent of CVP water has been 
delivered to agricultural users. The CVP also provides flood control, 
navigation, power, recreation, and water quality benefits. 

Several regulatory requirements and agreements affect operation of the 
CVP. The Central Valley Project Improvement Act (CVPIA), signed into 
law in 1992, redefined the purposes of the CVP to include protection, 
restoration, and enhancement of fish, wildlife, and associated habitats and 
protection of the Bay-Delta Estuary as having equal priority with other 
purposes. Before passage of the CVPIA, operation of the CVP was affected 
by SWRCB Decisions 1422 and 1485 (D-1422 and D-1485), and the 
Coordinated Operations Agreement.  D-1422 and D-1485 identify 
minimum flow and water quality conditions at specified locations that are 
to be maintained, in part, through operation of the CVP.  The Coordinated 
Operations Agreement specifies the responsibilities shared by the CVP and 
the SWP for meeting the requirements of D-1485.  In December 1994, a 
Bay-Delta Protection Plan was implemented through the SWRCB to help 
protect the ecosystem of the Bay-Delta Estuary.  SWRCB Decision 1641 
(D-1641) superseded D-1485 in 1999 and was later amended in 2000. 
Coordinated operations of the CVP and SWP continue to be based on the 
Coordinated Operations Agreement. 

During development of the CVP, the United States entered into long-term 
contracts in the Central Valley with many major water rights holders, who 
belong to three major groups: (1) Sacramento River Settlement 
Contractors, (2) San Joaquin River Exchange Contractors, and (3) CVP 
Water Service Contractors. 

Members of Sacramento River Settlement Contractors have pre-1914 water 
rights on the Sacramento River. Because of the significant influence of the 
CVP on flows in the Sacramento River, these water rights holders entered 
into contracts with Reclamation.  Most of the agreements established the 
quantity of water rights water (base supply) the Sacramento River 
Settlement Contractors are allowed to divert from April through October 
without cost, and also established a supplemental CVP supply allocated by 
Reclamation for availability and for cost. 

San Joaquin River Exchange Contractors are contractors who receive CVP 
water from the Delta via the Mendota Pool. Under exchange contracts, the 
parties agreed not to exercise their San Joaquin River water rights in 
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exchange for a substitute CVP water supply from the Delta. These 
exchanges allowed for water to be diverted from the San Joaquin River for 
use by CVP Water Service Contractors in the San Joaquin River Basin and 
Tulare Lake Basin. 

 
 

Before construction of the CVP, many irrigators on the west side of the 
Sacramento River Basin, on the east and west sides of the San Joaquin 
River Basin, and in the Santa Clara Valley relied primarily on groundwater. 
With completion of CVP facilities in these areas, irrigators signed 
agreements with Reclamation for delivery of CVP water as a supplemental 
supply.  Several cities also have similar contracts for M&I supplies; these 
irrigators and cities are known as CVP Water Service Contractors. 

2.
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State Water Project   The SWP was authorized in 1959 and was 
designated to readjust geographical imbalances between California’s water 
resources and water needs. The project extends from Plumas County in the 
north to Riverside County in the south.  Major SWP facilities are shown on 
Figure 2-14.  The SWP delivers water to service areas in the Feather River 
Basin, Bay Area, San Joaquin River Basin, Tulare Basin, and Southern 
California (USBR, 2005b). 

 
 

 

SWP project elements include 23 dams and reservoirs, six power plants, 17 
pumping plants, and 533 miles of aqueduct.  The principal storage feature 
of the SWP is Lake Oroville, with a gross pool of 3.5 MAF.  Located on 
the Feather River about 4 miles northeast of Oroville, Oroville Dam 
releases water that flows through the Feather and Sacramento rivers before 
reaching the Delta.  The SWP shares storage space with the CVP in San 
Luis Reservoir. 

 
 

 

Major SWP conveyance facilities in the Central Valley include the North 
Bay, South Bay, and California aqueducts. The North Bay Aqueduct 
diverts water from Barker Slough in the north Delta for agricultural and 
M&I uses in Napa and Solano counties. The South Bay and California 
aqueducts carry water from the Delta to the Bay Area and to Southern 
California, respectively.  In the southern portion of the Delta, the Harvey 
O. Banks Delta Pumping Plant lifts water into the California Aqueduct 
from the Clifton Court Forebay. 

Water in the main stem of the California Aqueduct flows south by gravity 
into the San Luis Joint-Use Complex, which was designed and constructed 
by the federal government and is operated and maintained by DWR. Within 
the complex are O’Neill Forebay, Sisk Dam and San Luis Reservoir, the 
Gianelli Pumping-Generating Plant, Dos Amigos Pumping Plant, and the 
San Luis Canal. This section of the California Aqueduct serves both the 
SWP and the federal CVP. 
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After leaving the Joint-Use Complex, water travels through the central San 
Joaquin River Basin and splits near Kettleman City into the Coastal Branch 
Aqueduct, completed in 1997, to serve San Luis Obispo and Santa Barbara 
counties. The water in the main stem is pumped up California’s hilly terrain 
by three pumping plants – Buena Vista, Teerink, and Chrisman – until it 
reaches Edmonston Pumping Plant. Water is then lifted nearly 2,000 feet 
up and over the Tehachapi Mountains through 10 miles of tunnels.  

Contracts between DWR and the 29 SWP water contractors define the 
terms and conditions governing water delivery.  Table A, an exhibit in the 
water supply contracts, is the maximum supply of scheduled water that a 
contractor may request. SWP Contract Table A allocations are contracts 
executed in the early 1960s that established the maximum annual water 
amount that each long-term contractor may request from the SWP. The 
total of the 29 contractors’ maximum Table A amount for deliveries is 
about 4.13 MAF per year.  Of this amount, about 2.6 MAF is designated 
for Southern California, nearly 1.2 MAF for the San Joaquin River Basin, 
and the remaining 373 TAF for the San Francisco Bay, Central Coast, 
Feather River areas, and north Delta water rights settlement (DWR, 2005c). 

Local   The Sacramento River Basin has relatively abundant water supplies 
in comparison to the other regions of the State.  This river basin provides 
its own M&I and agricultural water relying on a mix of surface water 
diversions, on the Sacramento River and its tributaries, and groundwater 
extraction to meet local water supply needs. Major water supplies in the 
river basin are provided through surface storage reservoirs.  The largest 
reservoirs are Shasta Lake, with the CVP, on the upper Sacramento River, 
and Lake Oroville, with the SWP, on the Feather River.  These major 
reservoirs also provide flood storage capacity to operate as part of the flood 
control system. 

The SWP, CVP, Cross-Valley Canal, Delta-Mendota Canal, San Luis 
Canal, and Kern County Water Agency deliver water to the San Joaquin 
River Basin.  Other major surface water supply projects in the San Joaquin 
River Basin are located on the Merced and Tuolumne rivers.  The New 
Exchequer Dam impounds Merced Irrigation District’s Lake McClure. This 
lake is the only large water supply reservoir in the Merced River Basin and 
it has a capacity of 1 MAF.  The Hetch Hetchy Reservoir system on the 
Tuolumne River provides water to the San Francisco Bay area. The 
Modesto Irrigation District and Turlock Irrigation District jointly divert 
about 1 MAF per year (MAF/year) of Tuolumne River water for 
agricultural use from the New Don Pedro Reservoir.  East Bay Municipal 
Utility District (EBMUD) receives water from Camanche and Pardee 
reservoirs on the Mokelumne River and conveys it through the San Joaquin 
River Basin via the 80-mile long Mokelumne Aqueducts to serve the East 
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Bay. In addition, many urban areas in the San Joaquin River Basin rely 
solely on groundwater for their supply, where groundwater overdraft 
occurs in much of the valley floor. 

 

In addition to the Delta’s function as a critical element of both regional and 
interregional water supply conveyance systems, it supports in-Delta 
diversions for agriculture and M&I use. In-Delta agricultural diversions 
include approximately 1,800 diversions taken directly from the channels 
and sloughs. Major in-Delta municipal diversions include CCWD 
diversions and associated Los Vaqueros Project diversions. CCWD 
diversions include Millard Slough, Rock Slough, Old River intakes, and an 
under-construction Alternative Intake Project on Victoria Canal. The Los 
Vaqueros Reservoir is a 100 TAF reservoir used by CCWD to address 
seasonal water quality degradation associated with Delta water supplies. 
CCWD stores water in Los Vaqueros Reservoir that is diverted from the 
Delta when water quality is favorable, for later release and blending when 
Delta water quality is degraded.  In Suisun Bay and Suisun Marsh, far 
fewer agricultural diversions exist because of brackish waters. However, 
many State and privately managed wetlands divert water seasonally from 
Suisun Marsh sloughs. 
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Power and Energy 
The following provides a brief overview for each of the major power 
production facilities. 

 
 

 
Hydropower Facilities 

State Water Project 
Power generation from SWP facilities are mainly provided from the 
operation of the Hyatt-Thermalito facilities downstream from Lake 
Oroville. The combined 900-megawatt Hyatt Pumping-Generating Plant 
and Thermalito Pumping-Generating Plant (Hyatt-Thermalito) generate 
about 2.2 billion kilowatt-hours in a median water year, while the 3-
megawatt Thermalito Diversion Dam Power Plant adds another 24 million 
kilowatt-hours a year (DWR, 1996a). Generation at existing SWP aqueduct 
recovery plants—Gianelli, Alamo, Devil Canyon, and Warne—varies with 
the amount of water conveyed. These four plants generate about one-sixth 
of the total energy used by the SWP. (The Gianelli Pumping-Generating 
Plant is a joint SWP and Reclamation facility.) 

The primary purpose of the SWP power generation facilities is to meet 
energy requirements for the SWP pumping plants.  To the greatest extent 
possible, SWP pumping is scheduled during off-peak periods, and energy 
generation is scheduled during on-peak periods.  Although the SWP uses 
more energy than it generates from its hydroelectric facilities, DWR has 
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exchange agreements with other utility companies and has developed other 
power resources.  When available, surplus power is sold by DWR to 
minimize the net cost of pumping energy. 

Central Valley Project 
The CVP is a system of 20 dams and reservoirs, as well as canals, and 
power plants. The CVP power facilities include 11 hydroelectric power 
plants with 38 generators, and have a total maximum generating capacity of 
2,045,000 kilowatts (Reclamation, 2005a). Major factors that influence 
power plant operations include downstream water releases, electric system 
needs, and CVP use demand. CVP power generation facilities initially were 
developed based on the premise that power could be generated to meet 
project use loads.  The Reclamation Act of 1939 provided for surplus 
power to be sold first to preference customers, including irrigation districts, 
and RDs, cooperatives, public utility districts, municipalities, and large 
educational or government facilities.  Surplus commercial power may then 
be sold to non-preference utility companies.  The first commercial power 
generated by the CVP was sold in 1945. 

Other Hydroelectric Facilities 
In addition to CVP and SWP hydroelectric facilities, other hydroelectric 
facilities are present in the Sacramento River Basin.  Hydroelectric 
generation facilities are investor-owned utility companies, such as Pacific 
Gas and Electric Company (PG&E) and Southern California Edison 
Company (SCE); by municipal agencies, such as the Sacramento Municipal 
Utility District (SMUD); and by several water and irrigation districts.  
Some of the larger facilities outside the CVP and SWP systems include 
PG&E’s Pit System and McCloud-Pit System in Shasta County; PG&E’s 
Upper North Fork Feather River System in Plumas County; SMUD’s 
Upper American River Project System in El Dorado County, and Yuba 
County Water Agency’s (YCWA) Yuba River Project in Yuba County. 

In the Lower San Joaquin River Region, some of the larger facilities 
outside the CVP and SWP systems include SCE’s Big Creek System and 
Mammoth Pool Project in Fresno County; and the New Don Pedro Project 
jointly owned by Turlock Irrigation District and Modesto Irrigation District 
in Tuolumne County. 

Natural Gas Storage and Conveyance   The Delta Region contains some 
of the most productive natural gas fields in the State. The largest of the two 
dozen fields are under Brannan Island, Twitchell Island, and Bradford 
Island. Under McDonald Island is a natural gas storage facility for PG&E. 
The Delta-Suisun area has approximately 240 operating natural gas wells 
(DPC, 2009). 
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Natural gas pipelines within the Delta connect gas wells to the storage and 
processing facilities and serve local gas fields and regional pipelines. These 
pipelines carry gas across the Delta-Suisun from Bay Area refineries to 
depots in Sacramento and Stockton for distribution to Northern California 
and Nevada. PG&E is constructing a major pipeline from Canada to 
Southern California within existing utility alignments, under a transmission 
line, and along I-5. The Mojave Pipeline Company has recently proposed a 
600-mile-long pipeline to bring gas from the present terminus in 
Bakersfield to the Sacramento area, Fairfield, and the East Bay. 
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Natural gas pipelines, storage areas, and compressor stations are also 
located in the Sacramento River Basin and other parts of Northern 
California. Although few gas fields and storage areas exist in the San 
Joaquin River Basin, several major pipelines traverse the entire length of 
the San Joaquin River Basin. 

 
 

Electrical Transmission   The flat, largely unpopulated Delta terrain is a 
valuable site for electricity transmission lines. There are more than 500 
miles of transmission lines and more than 60 substations that lie within the 
Delta boundaries (DPC, 2009).  Several electrical peaking plants 
surrounding the Delta-Suisun area depend on these transmission lines.  
Along with these regional lines, local lines serve the population residing 
within the legal Delta boundaries. PG&E, SMUD, and Western Area Power 
Administration oversee most of the transmission lines and provide local 
electric service within the Delta-Suisun area. The regional lines carry 
power within California as well as between regions of the western United 
States. 

 
 

 
 

 

Wind Farms   Wind energy plays an integral role in California's electricity 
portfolio. On a cumulative basis, a total of 2,517 megawatts of wind 
capacity has been installed in California, the third among all states in the 
United States. It is about 3.1 percent of the State's total power generation 
(AWEA, 2009). There are two major wind farms, Montezuma Hills and 
Altamont Pass, within or near the Delta Region. Additionally, hundreds of 
homes and farms are using smaller wind turbines to produce electricity. 

Utilities and Public Services 
Various county and local agencies within the cities and counties of the 
Sacramento River and San Joaquin river basins provide solid waste and 
wastewater removal and management, emergency services, public safety, 
fire protection, and law enforcement services. 

Water Treatment, Sewer and Stormwater   Urban areas use treatment 
facilities to process wastewater, discharge treated wastewater into rivers, 
and/or evaporate or percolate the treated wastewater in large open ponds.  
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Smaller communities and individual homes use septic tanks and leach 
fields for dispersion of wastewater effluents. Many of these leach fields are 
located within the floodplain. 

Communication Towers   The Delta area is full of flat and open areas that 
let radio waves transmit for a long distance. With this advantage, four 
television and some radio transmission towers have been installed in the 
Delta. Four television transmission towers are located east of Walnut 
Grove, Sacramento County, and two radio transmission towers are near 
Locke. The Air Force and Navy radio towers are located in eastern Solano 
County. 
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2.1.3 Biological Conditions – Terrestrial and Aquatic 
Resources 

 

Biological conditions of the Sacramento and San Joaquin river basins 
addressed in this section include terrestrial and aquatic habitats and 
common wildlife and fish species found in these habitats.  Special-status 
species of plants, wildlife, and fish are also described, with a particular 
focus on those species most likely to be associated with the flood 
management system. Invasive species with the greatest potential to cause 
ecological damage and the highest probability of being associated with the 
flood management system are also listed and described. The section 
concludes with a discussion of recreational uses of the fish and wildlife 
resources and a discussion of conservation planning efforts that have been 
recently completed or are underway to address the decline of native 
wildlife, fish, and plants in the Bay-Delta and Central Valley. Our 
discussion draws heavily from the CALFED Multi-Species Conservation 
Strategy (MSCS) (CALFED, 2000a), and interested readers are referred to 
that document for additional information. 
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Historic and Regional Perspective  

Historically, much of the Central Valley was an extensive seasonal 
floodplain that was shallowly inundated during flood events and spring 
snowmelt. Flowing water and the hydraulic, geomorphic, physical, and 
biological processes that are associated with flowing water were primarily 
responsible for the structure and function of the ecological communities 
that were found throughout this region. Because the frequency and intensity 
with which these processes interacted was highly variable both temporally 
and spatially, a diverse mosaic of riparian, wetland, and upland habitats 
developed across the Central Valley. These habitats included riparian 
forests and riparian scrub along river channels, and along the natural levees 
that formed next to the Central Valley’s major rivers; vast networks of 
seasonal and permanent marshes and wetlands that developed along 
abandoned river channels, oxbow lakes, tidal sloughs, and within flood 
basins; alkali wetlands, grasslands, and scrub on ancient lake beds, basin 
rims, and alluvial fans; and vernal pools with associated native grasses and 
forbs on ancient (i.e., mid- to early-Pleistocene aged) river floodplains, 
terraces, and basin rims. These habitats supported a diversity of native 
plants, wildlife, and fish uniquely adapted to California’s Mediterranean 
climate and to the highly dynamic nature of the Sacramento River and San 
Joaquin River systems as well as the Bay-Delta Estuary. 

 
 

 

Human settlement, agricultural development, and development of the 
Central Valley’s flood management and water delivery infrastructure have 
reduced these habitats to a small percentage of their original extents 
(CVHJV, 1990a; Hickey et al., 2003; Kelly et al., 2005; TNC, 1987). 
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Despite extensive habitat loss, almost 500 native fish and wildlife species 
(DFG, 2007), thousands of species of native plants, and countless species 
of aquatic and terrestrial invertebrates (as well as many more nonnative 
species) are still found within the Sacramento and San Joaquin river basins. 
However, connectivity among remnant patches of native habitat as well as 
interaction with the fluvial processes (e.g., floodplain inundation, bank 
scouring, and sediment deposition) that shaped these habitats have been 
reduced or altered.  Habitat reduction and alteration is one of the primary 
reasons that many species are considered to be rare, threatened, or 
endangered by the U.S. Fish and Wildlife Service (USFWS), California 
Department of Fish and Game (DFG), or California Native Plant Society 
(CNPS) (hereafter collectively referred to as special-status species). More 
specifically, recent estimates indicate that more than 200 special-status 
species of plants, fish, wildlife, and invertebrates may be found within the 
Sacramento and San Joaquin river basins (CALFED, 2000a). 

Aside from direct habitat loss and alteration, the native habitats and species 
found within the Central Valley and Bay-Delta have been adversely 
affected by a host of nonnative and invasive species. These regions now 
contain an unknown number of nonnative species, and a new species (many 
of which are aquatic invertebrates) is estimated to be introduced at least 
every 14 weeks (Cohen and Carlton, 1998). These species have the 
potential to dramatically alter the structure of the Bay-Delta’s aquatic food 
web to the detriment of native pelagic fish and aquatic organisms (Sommer 
et al., 2007). Competition from nonnative sunfish (e.g., green sunfish 
(Lepomis cyanellus), largemouth bass (Micropterus dolomieui), bluegill 
(Lepomis macrochirus), and small mouth bass (Micropterus dolomieui) and 
other game fish from the eastern United States have similarly had a 
negative effect on anadromous fish and a native sunfish (the Sacramento 
perch (Archoglites interruptus)) that was formerly widely distributed 
throughout the Sacramento and San Joaquin river basins. Nonnative, 
invasive plant species that are similarly detrimental to native ecosystems 
are widespread where they often outcompete native plants for light, space, 
and nutrients, further degrading habitat quality for native fish and wildlife 
(CALFED, 2000b). 

Summary of Important Terrestrial and Aquatic Habitats in the Study 
Area 
This next section describes the terrestrial and aquatic habitats that occur in 
the Sacramento and San Joaquin river basins.  In addition, wildlife and fish 
species expected to be found in these habitats are also discussed.  
Terrestrial plant communities include saline emergent wetlands, fresh 
emergent wetlands, valley/foothill riparian, vernal pools, and agricultural 
land.  Aquatic habitats include the Sacramento River, Sacramento River 
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floodplain bypasses, major tributaries to the lower Sacramento River, lower 
San Joaquin and Stanislaus rivers, and the Delta.  

The following summary descriptions of these terrestrial, agricultural, and 
aquatic habitats list species generally thought to be associated with these 
communities or that these communities could potentially support.  It should 
not be inferred that presence of the species listed have been confirmed. 

 
 

Terrestrial Plant Communities 

2.
1.

3 Terrestrial plant communities include the remnant native and naturalized 
plant communities within the Bay-Delta and Central Valley. The primary 
biological characteristics, including dominant plant species, structural 
characteristics, and wildlife expected to be found in these plant 
communities are described in the following sections. The general locations 
of urban areas, agricultural land, and native plant communities are shown 
on Figure 2-15. 
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Note: Other Vegetation includes everything that is not Agriculture, Urban, or Water 
Figure 2-15.  Land Use in the Sacramento and San Joaquin River Basins 
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Saline Emergent Wetland   Saline emergent wetland includes tidal salt 
marsh and tidal brackish marsh within the Bay-Delta. These are habitats 
dominated by emergent plant species that tolerate saline or brackish 
conditions within the intertidal zone or are found on lands that historically 
were subject to tidal exchange (i.e., diked wetlands). Dominant plant 
species include cordgrass (Spartina spp.), pickleweed (Salicornia spp.), 
jaumea (Jaumea carnosa), California seablite (Suaeda californica), 
arrowgrass (Triglochin spp.), alkali heath (Frankenia salina), saltgrass 
(Distichlis spicata), brass-buttons (Cotula spp.), salt rush (Juncus 
lesueurii), tufted hairgrass (Deschampsia caespitosa), tule (Scirpus acutus), 
and broadleaf cattail (Typha latifolia) (Springer, 1988). Species of birds 
expected to use saline emergent wetlands include common birds such as 
herons, egrets, ducks, hawks, Virginia rail (Rallus limicola), American coot 
(Fulica americana), shorebirds, swallows, and marsh wren (Cistothorus 
palustris). Characteristic mammals include species of shrews, bats, mice, 
raccoon (Procyon lotor), and river otter (Lontra canadensis). Additionally, 
a number of species from adjacent uplands frequently visit the wetlands to 
feed. Several species of lizards and snakes frequent the edge of the high 
marsh. And, common amphibians such as the Pacific tree frog (Hyla 
regilla) and western toad (Bufo boreas) may use saline emergent marsh 
after heavy rains (Springer, 1988). 
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Many special-status plant species are associated with saline emergent 
wetlands including Ferris’s milk-vetch (Astragalus tener var. ferrisiae), 
soft bird’s beak (Cordylanthus mollis ssp. mollis), palmate-bracted bird’s 
beak (C. palmatus), San Francisco gumplant (Grindelia hirsutula var. 
maritime), Suisun Marsh thistle (Cirsium hydrophilum var. hydrophilum), 
heartscale (Atriplex cordulata), San Joaquin spearscale (A. joaquiniana), 
brittlescale (A. depressa), Delta button celery (Eryngium racemosum), and 
hispid bird’s beak (C. mollis ssp. hispidus). Special-status species of 
wildlife that are heavily dependent on saline emergent wetlands include 
clapper rail (Rallus longirostris obsoletus), California least tern (Sterna 
antillarum browni), and salt marsh harvest mouse (Reithrodontomys 
raviventris). 

 

 

Freshwater Emergent Wetland   Fresh emergent wetland habitats include 
a variety of seasonal and permanent wetlands such as tidal and nontidal 
emergent wetlands that primarily support herbaceous plant species 
intolerant of saline or brackish conditions; portions of the intertidal zones 
of the Bay-Delta as well as permanent wetlands outside the tidal and 
intertidal zones, such as river bottoms immediately adjacent to low-flow 
channels, backwaters, and sloughs, and natural and managed seasonal 
wetlands. Managed seasonal wetlands include federal refuges, private 
hunting clubs, and private environmental lands. Plant species found in fresh 
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emergent wetlands are mainly herbaceous perennials and annuals that are 
adapted to surviving in submerged or saturated soil. 

Nonnative and native species characteristic of perennial fresh emergent 
wetlands include broadleaf cattail, tule, common reed (Phragmites 
australis), common rush (Juncus effusus), Baltic rush (J. balticus), and 
knotweed (Polygonum spp.). Goodding’s willow (Salix gooddingii), 
sandbar willow (S. exigua), and Himalayan blackberry (Rubus armeniacus) 
are woody plants that tolerate flooding and are frequently found around the 
margins of perennial fresh emergent wetlands. There are at least 200 
species of birds that have been identified in the emergent wetlands of the 
Yolo Basin and the Delta. 

Plant species found in seasonally inundated fresh emergent wetlands range 
from species tolerant of prolonged inundation (some of which are discussed 
above) to species adapted for growth in both wet and dry conditions. 
Seasonal fresh emergent wetlands may contain considerable cover of 
upland species as well. In addition to the species listed above, species 
commonly present in seasonal fresh emergent wetlands include tall 
flatsedge (Cyperus eragrostis), dallisgrass (Paspalum dilatatum), 
Bermudagrass (Cynodon dactylon), Italian ryegrass (Lolium multiflorum), 
Mediterranean barley (Hordeum marinum ssp. gussoneanum), slender 
sedge (Carex praegracilis), Santa Barbara sedge (Carex barbarae), poverty 
rush (Juncus tenuis), and curly dock (Rumex crispus). 

Species of birds found in fresh emergent wetlands include song sparrow 
(Melospiza melodia), common yellowthroat (Geothlypis trichas), marsh 
wren, western (Aechmophorus occidentalis) and Clarks grebes 
(Aechmophorus clarkii), and red-winged blackbird (Agelaius phoeniceus). 
Mammal species that use this habitat include California vole (Microtus 
californicus) and common muskrat (Ondatra zibethicus). Pacific chorus 
frog and western terrestrial garter snake (Thamnophis elegans) are 
generally found in this habitat type as well. These areas are critical 
wintering grounds for migratory birds along the Pacific Flyway, supporting 
nearly 70 percent of the migratory ground for migratory birds along the 
Pacific Flyway (CVHJV, 1990b). Many of these species are described 
below under “Rice.” 

Special-status plant species associated with fresh emergent wetlands 
include Suisun Marsh aster (Symphyotrichum lentum), rose mallow 
(Hisbiscus lasiocarpus), bristly sedge (Carex comosa), Delta tule pea 
(Lathyrus jepsonii var. jepsonii), Mason’s lilaeopsis (Lilaeopsis masonii), 
Sanford’s arrowhead (Sagittaria sanfordii), slough thistle (Cirsium 
crassicaule), and marsh skullcap (Scutellaria galericulata). Special-status 
wildlife species that are closely dependent on fresh emergent wetlands 
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include California black rail (Laterallus jamaicensis coturniculus), giant 
garter snake (Thamnophis gigas couchi), and western pond turtle 
(Actinemys marmorata). 

 

Valley/Foothill Riparian   Riparian habitats typically include a 
structurally diverse mixture of trees, shrubs, vines, and herbaceous 
undergrowth. Tree canopies may be continuous or discontinuous, or absent 
altogether (as in riparian scrubs). Remnant riparian habitat exists between 
levees set back from the Sacramento River, primarily upstream from 
Colusa, on or at the toe of levees. Valley/Foothill riparian habitat includes 
all successional stages of woody vegetation generally dominated by willow 
(Salix gooddingii, S. lasiolepis, S. exigua, S. lasiandra), Fremont 
cottonwood (Populus fremontii), valley oak (Quercus lobata), and 
California sycamore (Platanus racemosa). Common understory species 
include nonnative Himalayan blackberry, and several native species 
including California blackberry (Rubus ursinus), western poison oak 
(Toxicodendron diversilobum), Dutchman’s pipevine (Aristolochia 
californica), California button-willow (Cephalanthus occidentalis), blue 
elderberry (Sambucus mexicana), California rose (Rosa californica), and 
coyote brush (Baccharis pilularis) are found in the higher floodplain. 
California wild grape (Vitis californica) is a conspicuous vine found 
growing within the canopy of this forest. Common herbaceous species 
include Santa Barbara sedge (Carex barbarae), hoary nettle (Urtica 
dioica), and creeping wild rye (Leymus triticoides). 
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Large, mature riparian forest stands support the most dense and diverse 
breeding bird communities in California (Gaines, 1974). As described 
previously, the extent and width of riparian habitat varies throughout the 
system.  Tall riparian trees provide high-quality nesting habitat for raptors 
such as red-tailed hawk (Buteo jamaicensis), red-shouldered hawk (Buteo 
lineatus), osprey (Pandion haliaetus), bald eagles, and white-tailed kite 
(Elanus leucurus). Herons, egrets, and cormorants also nest communally in 
riparian trees. They also provide nesting habitat for cavity-nesting species, 
such as downy woodpecker (Picoides pubescens), wood duck (Aix sponsa), 
northern flicker (Colaptes auratus), ash-throated flycatcher (Myiarchus 
cinerascens), oak titmouse (Baeolophus inornatus), tree swallow 
(Tachycineta bicolor), and white-breasted nuthatch (Sitta carolinensis). In 
addition, riparian forests and associated wetlands produce populations of 
insects that feed on foliage and stems during the growing season. These 
insects, in turn, are prey for migratory and resident birds, including Pacific-
slope flycatcher (Empidonax difficilis), western wood-pewee (Contopus 
sordidulus), olive-sided flycatcher (Contopus cooperi), warbling vireo 
(Vireo gilvus), orange-crowned warbler (Vermivora celata), yellow warbler 
(Dendroica petechia), Bullock’s oriole (Icterus bullockii), black phoebe 
(Sayornis nigricans), yellow-billed magpie (Pica nuttalli), bushtit 
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(Psaltriparus minimus), Bewick’s wren (Thryomanes bewickii), lazuli 
bunting (Passerina amoena), blue grosbeak (Guiraca caerulea), American 
goldfinch (Carduelis tristisa) and spotted towhee (Pipilo maculates). 
Mammalian species common to riparian forests include, but are not limited 
to, ringtail cat (Bassariscus astutus), gray squirrel (Sciurus griseus), 
Virginia opossum (Didelphis virginiana), raccoon, desert cottontail 
(Sylvilagus audubonii), and striped skunk (Mephitis mephitis). Special-
status species found in riparian areas include Delta button celery, , Western 
yellow-billed cuckoo (Coccyzus americanus occidentalis), bank swallow 
(Riparia riparia), Swainson’s hawk (Buteo swainsoni), riparian brush 
rabbit (Sylvilagus bachmani riparius), San Joaquin woodrat (Neotoma 
fuscipes riparia), and valley elderberry longhorn beetle (Desmocerus 
californicus dimorphus). 

Riparian habitats are found throughout the planning area; however, these 
remnant habitats represent only a small fraction of the originally extant 
habitat that was formerly widely distributed along river systems within the 
Central Valley. 

Annual Grassland   Annual grassland habitat is composed of an 
assemblage of native and nonnative annual grasses and, occasionally, 
native perennial grasses and native and nonnative forbs. Commonly 
encountered nonnative species include Italian rye grass, slender wild oat, 
soft chess (Bromus hordeaceus), ripgut brome (Bromus diandrus), foxtail 
fescue (Vulpia myuros), medusa-head (Taeniatherum caput-medusae) and 
Mediterranean barley.  Although not common, native perennial grasses are 
occasionally found in this community. Characteristic species include blue 
wild rye (Elymus glaucus), purple needle grass (Nassella pulchra), and, in 
mesic or alkaline areas, creeping wild rye.  Nonnative forbs such as 
redstem filaree (Erodium cicutarium), long-beaked filaree (E. botrys), rose 
clover (Trifolium hirtum), bur clover (Medicago polymorpha), dissected 
geranium (Geranium dissectum), and dovefoot geranium (G. molle), lesser 
hawkbit (Leontodon taraxacoides), and many other herbaceous weeds 
inhabit grassland communities. Common native forbs include California 
goldfields (Lasthenia californica), little-headed clover (Trifolium 
microcephalum), variegated clover (Trifolium variegatum), popcorn flower 
(Plagiobothrys fulvus), fiddleneck (Amsinckia menziesii), red maids 
(Calandrinia ciliata), and frying pans poppy (Eschscholzia lobbii). Various 
native bulbs (Triteleia spp., Brodiaea spp., Dichelostemma spp.) are also 
found in annual grasslands. 

Annual grasslands were historically distributed more widely in the Central 
Valley and may have contained a significant number of perennial grasses, 
particularly in more mesic locations. Most of these grasslands have been 
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converted for other uses, including agricultural, urban, and industrial uses, 
and remaining grasslands are now dominated by nonnative species.  

Vernal pools are common within annual grasslands where a restrictive soil 
layer is present (e.g., hardpan or claypan). Vernal pools are characterized 
by low-growing annual grasses and forbs adapted to live both on land and 
in water. Vernal pools are typically distinguished by a unique host of native 
and endemic plant species adapted to the extreme conditions created by the 
cycles of inundation and drying. Some dominant plant species include 
downingia (Downingia spp.), goldfields (Lasthenia spp.), popcornflower 
(Plagiobothrys spp.), coyote thistle (Eryngium spp.), woolly marbles 
(Psilocarphus spp.), and pale spike-rush (Eleocharis macrostachya). Many 
special-status plants, invertebrates, and wildlife are native to or associated 
with vernal pools and surrounding annual grasslands, including western 
spadefoot (Spea hammondii), California tiger salamander (Ambystoma 
califoriense), several species of fairy shrimp (Branchinecta spp.) and 
tadpole shrimp (Lepidurus packardi), several species of grasses in the 
Orcuttieae tribe, and various narrowly restricted endemic species that 
belong to characteristic vernal pool genera (e.g., Limnanthes floccosa ssp. 
californica or Lasthenia conjugens). 

 
 

2.
1.

3 
 

 
 

 

Typical bird species associated with annual grasslands include northern 
harrier (Circus cyaneus), ring-necked pheasant (Phasianus colchicus), 
mourning dove (Zenada macroura), horned lark (Eremophila alpestris), 
western meadowlark, red-tailed hawk, red-shouldered hawk, American 
kestrel (Falco sparverius), western kingbird (Tyrannus verticalis), western 
bluebird (Sialia mexicana), loggerhead shrike (Lanius ludovidianus), and 
savannah sparrow (Passerculuc sandwichensis). Mammal species that use 
annual grasslands include deer mouse (Peromyscus maniculatus), 
California vole, California ground squirrel (Spermophilus beecheyi), 
Botta’s pocket gopher (Thomomys bottae), black-tailed jackrabbit (Lepus 
californicus), American badger (Taxidea taxus), and coyote (Canis 
latrans). Common reptile species associated with annual grasslands include 
western fence lizard (Sceloporus occidentalis), western racer (Coluber 
mormon), and gopher snake (Pituophis melanoleucus). California toad 
(Bufo boreas) is a common amphibian in grassland communities.  Special-
status species that depend upon annual grassland for at least a portion of 
their ecological requirements include those species associated with vernal 
pools discussed above plus western pond turtle, giant garter snake, 
Swainson’s hawk, and western burrowing owl (Athene cunicularia). 

 
 

 

Annual grasslands are also present along riverine sand dunes found in the 
western Delta in the vicinity of Antioch. These dunes support many of the 
nonnative grasses listed above in addition to native species such as 
California broom (Lotus scoparius) and naked buckwheat (Eriogonum 
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nudum). Special-status plants at the Antioch dunes include evening 
primrose (Oenothera deltoides ssp. howellii) and Contra Costa wallflower 
(Erysimum capitatum ssp. angustatum). Lange’s metalmark butterfly 
(Apodemia mormo langei) is also found within grasslands on dune habitats. 

Alkali Desert Scrub   Alkali desert scrub is restricted to the southern and 
southwestern San Joaquin River Basin and. It is s low-growing, shrub-
dominated community frequently characterized by members of the 
goosefoot family (Chenopodiaceae) that are tolerant of high alkalinity, 
especially iodine bush (Allenrolfea occidentalis) and seablites (Suaeda 
spp.). Alkali desert scrub also frequently includes various saltbrush species 
such as cattle saltbush (Atriplex polycarpa) and spinescale saltbush (A. 
spinifera). With the exception of high rainfall years when annual grass 
growth can be dense, herbaceous plant cover is typically also sparse and 
characterized by annual grasses such as Mediterranean barley and red 
brome (Bromus madritensis ssp. rubens). This habitat type is typically on 
sandy to loamy soils on rolling, dissected alluvial fans with low relief. 

Wildlife species typically associated with upland scrub habitat include 
common and federally or state-listed species such as kangaroo rats 
(Dipodomys spp.), Nelson’s antelope squirrel (Ammospermophilus nelson), 
kit fox (Vulpes macrotis), coyote, side-blotched lizard (Uta stansburiana), 
and blunt-nosed leopard lizard (Gambelia sila). 

This community was formerly extensive but has been greatly reduced by 
agricultural conversions, flood control activities, and groundwater 
pumping. 

Agricultural Communities   Agricultural communities are composed of 
the entire range of agricultural crops grown in the Bay-Delta and Central 
Valley (refer to Section 2.1.4 for information).  For the purposes of this 
section, agricultural crops have been grouped according to major crop 
types, largely defined by agronomic practices and structural characteristics 
that influence habitat and species suitability. Because agricultural land has 
replaced native habitat, many crops and agricultural practices now provide 
important habitat for some species of wildlife; these species are described 
below, where appropriate. Unless otherwise noted, the relationship between 
agricultural habitats and wildlife use was determined from the California 
Wildlife Habitat Relationships system (DFG, 2005). 

Rice 
Rice cultivation occurs within the northern Sacramento River Basin, where 
this crop is widely cultivated, and in portions of Merced County. Rice is 
grown as a monoculture, using tillage or herbicides to eliminate unwanted 
vegetation. Other vegetation is generally confined to the berms, ditches, 
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and canals between and around fields, and is dominated by wetland plants, 
both native and nonnative. Typical plants found in uncleared ditches, 
canals, and field edges include bulrush (tule), cattail, nutsedge (Cyperus 
spp.), rushes (Juncus spp.), Johnson grass (Sorghum halepense), Harding 
grass (Phalaris aquatica), western vervain (Verbena lasiostachys), and 
Bermuda grass. Giant reed (Arundo donax), an invasive nonnative species, 
is found along some rice fields. 

 
 

 

In terms of wildlife habitat quality, rice fields, because they provide 
shallowly flooded wetland habitat with pockets of emergent vegetation, 
provide a reasonable surrogate for the wetland habitats that historically 
characterized large parts of the Sacramento and San Joaquin river basins. 
They attract a wide variety of waterfowl, wading birds, shorebirds, and 
gulls (Fleskes et al., 2005). During fall migration (which begins in late 
June), flooded rice fields provide prime habitat for a wide variety of 
shorebird species (Shuford et al., 1998). Hundreds or thousands of 
individuals of more than a dozen species forage for invertebrates during 
brief stopovers on their way south. In winter, flooded rice fields support 
large numbers of overwintering killdeer (Charadrius vociferous), greater 
yellowlegs (Tringa melanoleuca), long-billed curlew (Numenius 
americanus), and similar shorebirds. During these winter months, 
especially after the waterfowl-hunting season, large flocks of waterfowl 
such as Canada geese (Branta canadensis), snow geese (Chen 
caerulescens), northern pintails (Anas acuta), cinnamon teal (Anas 
cyanoptera), and gadwall (A. strepera) forage in flooded rice fields. These 
shorebird and waterfowl concentrations attract raptors, especially northern 
harrier, American peregrine falcon (Falco peregrinus anatum), and bald 
eagle (Haliaeetus leucocephalus). When not flooded, rodent populations in 
the fields may also attract raptors including white-tailed kite, red-tailed 
hawk, American kestrel, Swainson’s hawk, and short-eared owl (Asio 
flammeus). Flooded rice fields and irrigation canals also provide important 
habitat for the giant garter snake, a species that, similar to waterfowl and 
shorebirds, has had its preferred wetland habitat greatly reduced and now 
relies upon rice fields as surrogate habitat. 
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Irrigated Row and Field Crops 
Row crops are found throughout the Central Valley and the Bay-Delta and 
are especially common in the southern Sacramento River Basin and San 
Joaquin River Basin. Row crops are generally monotypic plantings of low 
to moderate height. Most row crops are annual species, although a few 
(e.g., strawberries) are perennials. Most crops are grown using tillage or 
herbicides to eliminate unwanted vegetation although a variety of ruderal, 
herbaceous species such as tall wild oats (Avena fatua) or yellow star 
thistle (Centaurea solstitialis) may be found along the edges of row crops 
along with other nonnative invasives including yellow nutsedge (Cyperus 
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esculentus), lambs quarter (Chenopodium polyspermum), and Johnson 
grass. 

Row crops provide relatively poor wildlife habitat due to the intensity of 
management and lack of structural diversity. Some species that may be 
found in this habitat type include common species such as black-tailed 
jackrabbit, desert cottontail, Botta’s pocket gopher, California ground 
squirrel as well as northern harrier, red-tailed hawk, American kestrel, 
mourning dove, ring-neck pheasant, western kingbird, American crow 
(Corvus brachyrhynchos), western meadowlark, Brewer’s blackbird 
(Euphagus cyanocephalus), and red-winged blackbird. Special-status 
species such as Swainson’s hawk, burrowing owl, tricolored blackbird 
(Agelaius tricolor), and greater sandhill crane (Grus canadensis) may also 
use row crops. 

Dryland and Irrigated Grain Crops 
Grain crops (e.g., safflower, wheat, barley, corn, milo, sorghum, and sudan 
grass) are found throughout the Sacramento and San Joaquin river basins. 
These are generally large, robust, annual crops grown in monotypic 
plantings that occasionally exceed 6 feet in height, especially corn. Most 
(except wheat and barley) are warm-season crops irrigated by furrows or 
flood irrigated and harvested once per season. Cool-season crops such as 
wheat and barley are generally not irrigated and sustained only by rainfall. 

Grain crops provide forage for a variety of songbirds, game birds, small 
rodents, and waterfowl, and are planted specifically to benefit wildlife in 
some State wildlife areas (DFG, 2008a) and on private land in the form of 
restricted agriculture easements. Specific species that use grain crops 
include many of the species described above under row crops. 
Additionally, game species like ring-neck pheasant also make extensive use 
of these habitats. Coyotes and raptors may use these habitats for foraging 
following harvest. 

Pasture and Irrigated Hayfields 
Pasture and irrigated hayfields are found throughout the Sacramento and 
San Joaquin river basins. They include crops such as alfalfa (Medicago 
sativa) and various species of perennial and annual grasses and forbs that 
are cultivated for livestock feed (e.g., hay or silage). They are particularly 
common in the Delta. Alfalfa is a perennial plant that generally lives for 5 
years or more, and is harvested several times in the growing season. 
Herbicides are generally used to control weeds and eliminate unwanted 
vegetation; any vegetation remaining on field margins includes a variety of 
nonnative grasses and forbs. Pasture, hay, and silage crops are generally 
perennial grasses (e.g., Lolium perenne or Festuca aru-ndinacea) mixed 
with various species in the pea (Fabaceae) family. Similar to alfalfa, they 
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may be mowed or grazed several times during the growing season. Both 
crops are usually flood irrigated or subirrigated. Aside from the species 
listed above, a variety of weedy ruderal, herbaceous species may be found 
in these habitats such as curly dock, Johnson grass, toad rush (Juncus 
bufonis), black mustard (Brassica nigra), red maids, and similar species. 

 
 

Pasture and irrigated hayfields provide valuable raptor foraging habitat, 
particularly following mowing or grazing when the rodents may be 
especially available for these species. Swainson’s hawks are known to be 
especially attracted to alfalfa fields for foraging. Tricolored blackbirds also 
use pasture for foraging. Shorebirds and gulls may also make extensive use 
of these habitats, particularly when flood irrigation creates areas of shallow 
inundation and moist, bare soil that provide foraging opportunities for these 
species. Irrigated pastures also provide suitable winter habitat for greater 
sandhill crane and may provide nesting and foraging habitat for burrowing 
owl. 
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Flood irrigated pastures with saturated soils and standing water of varying 
depths are conducive to the production of invertebrates that are the main 
food source for migrating waterfowl and other birds that periodically 
forage in these fields. Greater sandhill crane forage and roost in these 
habitats, and many ducks, geese, and shorebirds also commonly use these 
habitats throughout the Sacramento and San Joaquin river basins. During 
the dry season, many ground-nesting birds, such as ring-neck pheasant and 
Western meadowlark, nest in pastures. 

 
 

 
 

 Vineyards, Deciduous Orchards, and Evergreen Orchards 
Orchards and vineyards are also found throughout the Sacramento and San 
Joaquin river basins. Orchards and vineyards are generally monotypic, tree- 
or vine-dominated habitats that are planted in uniformly straight rows and 
intensively pruned to encourage fruit production and facilitate fruit harvest. 
Common crops include grapes, walnuts, almonds, pistachios, various stone 
fruits, and various citrus fruits. Understories are managed to discourage 
weeds through a variety of methods (e.g., herbicides, discing, flaming). 
There is an increased use of permanent cover crops in upland vineyards as 
sustainable agricultural practices are being implemented.  Drip irrigation is 
typically employed; although some orchards may be flood-irrigated or 
irrigated via aerial sprinklers. 

These habitats typically have low to very low habitat values for most 
wildlife due to the intensity of management activities, lack of structural 
diversity, and lack of understory cover. Birds that may use these habitats 
include California quail (Callipepla californica), mourning dove, yellow-
billed magpie, and American crow. Additionally, raptors may also 
occasionally use mature orchards for nesting. Some species that use 
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orchards and vineyards, such as ground squirrel, American crow, Brewer’s 
blackbird, and European starling (Sturnus vulgaris), often are considered 
agricultural pests, and efforts to control these species are commonly 
implemented. 

Fisheries and Aquatic Resources 
The Sacramento and San Joaquin rivers, their primary tributaries, and the 
Delta provide vital fish habitat necessary for adult and juvenile foraging, 
spawning, egg incubation and larval development, juvenile nursery areas, 
and migratory corridors. This section includes: (1) a general description of 
the different aquatic habitats, (2) a discussion on the relationship of 
ecological processes to aquatic habitats and community composition, and 
(3) a description of those fish commonly found in aquatic communities. 

Aquatic Habitats 

Sacramento River 
The reach of the Sacramento River between Shasta Dam and Red Bluff 
exhibits cool water temperatures because of regulated releases from Shasta 
and Keswick dams, and a stable channel with little meander. Riffle and 
deep pool habitats are abundant in comparison with reaches downstream 
from Red Bluff. Immediately below Keswick Dam, the river is deeply 
incised in bedrock with very limited riparian vegetation and no functioning 
riparian ecosystems. Near Redding, the river flows into the valley and the 
floodplain broadens. Historically, this area appears to have had wide 
expanses of riparian forests, but much of the river’s riparian zone is 
currently subject to urban encroachment. Despite net losses of gravel since 
construction of Shasta Dam, substrates in much of this reach contain gravel 
suitable for salmonid spawning, some of which is introduced through a 
gravel augmentation program. This reach provides much of the remaining 
spawning and rearing habitat of several listed anadromous salmonids. For 
this reason, it is one of the most sensitive and important stream reaches in 
the Central Valley. Three water-control structures, Keswick Dam, 
Anderson-Cottonwood Irrigation District, and Red Bluff Diversion Dam, 
are located along the Sacramento River in this reach. 

The Sacramento River from Red Bluff to Colusa generally functions as a 
large alluvial river with active meander migration through the valley floor. 
The river is classified as a meandering river, where relatively stable, 
straight sections alternate with more sinuous, dynamic sections 
(Sacramento River Conservation Area Forum, 2003). 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 appear as 
scars of the historic channel locations with the riparian corridor and oxbow 
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lakes still present in many locations. The channel remains active and has 
the potential to migrate in times of high water. Point bars, islands, high and 
low terraces, in-stream woody cover, early successional riparian plant 
growth, and other evidence of river meander and erosion are common in 
this reach. The channel has varying widths, and aquatic habitats consist of 
shallow riffles, deep runs, deep pools at meander bends, glides, and shallow 
vegetated floodplain areas that become inundated during high flows. 

 
 

 

The general character of the Sacramento River changes downstream from 
Colusa from a dynamic and active meandering channel to a confined, 
narrow channel restricted from migration. While setback levees exist along 
portions of the river upstream from Colusa, the levees become much 
narrower along the river edge as the river continues south to the Delta. 
Surrounding agricultural lands encroach directly adjacent to the levees, 
which have cut the river off from the majority of its riparian corridor, 
especially on the eastern side of the river. The majority of the levees in this 
reach are lined with riprap, allowing the river no erodible substrate. The 
channel width is fairly uniform and river bends are static as a result of 
confinement by levees. Therefore, aquatic habitats are fairly homogenous 
because depth profiles and substrate composition are fairly uniform 
throughout the reach. Multiple water diversion structures in this reach 
move floodwaters into floodplain bypass areas during high-flow events. 
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Sacramento River Floodplain Bypasses 
There are three major floodplain bypasses—Butte Basin, Sutter Bypass, 
and Yolo Bypass—with a total of 10 overflow structures along the 
mainstem Sacramento River (six weirs, three flood relief structures, and an 
emergency overflow roadway) that provide access to broad, inundated 
floodplain habitat during wet years. Unlike other Sacramento River and 
Delta habitats, floodplains and floodplain bypasses are seasonally 
dewatered (as high flows recede) during late spring through autumn. This 
prevents introduced fish species from establishing year-round dominance 
except in perennial water sources (Sommer et al., 2003). Moreover, many 
of the native fish are adapted to spawn and rear in winter and early spring 
(Moyle, 2002a) during the winter flood pulse. Introduced fish typically 
spawn during late spring through summer when the majority of the 
floodplain is not available to them. 

 

 

Major Tributaries to the Lower Sacramento River 
Aquatic habitats found in the lower Feather River vary as the river flows 
from releases at Oroville Dam facilities down to the confluence with the 
Sacramento River at Verona. At the upper extent, the approximate 8-mile 
low-flow (about 600 cfs) section contains mainly riffles and runs, which 
provide spawning habitat for the majority of Feather River Chinook salmon 
(Oncorhynchus tshawytscha) and steelhead trout (Oncorhynchus mykiss). 
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Also present in the low-flow section is a series of remnant gravel pit 
pools/ponds that connect to the main channel. This stretch is fairly confined 
by levees as it flows through the city of Oroville. From the downstream end 
of the low-flow section, the Feather River is fairly active and meanders its 
way south to Marysville. However, this stretch is bordered by active 
farmland, which confines the river into an incised channel in certain 
stretches. In some locations, adjacent farmlands are in the process of being 
restored to floodplain habitat with the relocation of levees to become 
setback levees. 

Flows in the lower American River (downstream from Nimbus Dam) are 
generally cold and clear, providing habitat for anadromous and resident fish 
species. The river is fairly low gradient and is composed of riffle, run, 
glide, and pool habitats. Dams along the watershed have reduced gravel 
inputs to the system, but the lower American River contains large gravel 
bars and forks in many locations, leaving gravel/cobble islands within the 
channel. The majority of the lower American River is surrounded by the 
American River Parkway, preserving the surrounding riparian zone. The 
river channel does not migrate to a large degree because of the geologic 
composition that has allowed the river to incise deep into sediments, 
leaving tall cliffs and bluffs adjacent to the river. Downstream from 
William Pond Recreation Area (approximately river mile 14) the natural 
levees and bluffs are replaced by constructed levees that provide flood 
protection to the community of Carmichael, the City of Sacramento, and 
City of Rancho Cordova. Riparian habitat is still found in this part of the 
river; however, it tends to be confined to narrower bands between the river 
channel and levees. Riparian habitat is also present on several in-channel 
islands that are common between William Pond Recreation Area and the 
Capital City Freeway crossing. 

Lower San Joaquin River 
The lower San Joaquin River downstream from the Merced River is 
characterized by a relatively wide (approximately 300 feet) channel with 
little canopy or overhead vegetation and minimal bank cover. Aquatic 
habitat in the San Joaquin River is characterized primarily by slow-moving 
glides and pools, is depositional in nature, and has limited water clarity and 
habitat diversity. Many of the fish species using the lower San Joaquin 
River use this lower segment of the river to some degree, even if only as a 
migratory pathway to and from upstream spawning and rearing areas. The 
furthest downstream section of the river also is used by certain fish species 
(e.g., delta smelt (Hypomesus transpacificus)) that make little to no use of 
areas in the upper segment of the river (see Delta discussion below). 
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Major Tributaries to the Lower San Joaquin River 
Aquatic habitats in the lower Stanislaus, Tuolumne, and Merced rivers vary 
longitudinally and provide fish spawning, rearing, and/or migratory habitat 
for a diverse assemblage of common Central Valley native and nonnative 
fish species. Aquatic habitats include riffles, runs, pools, and glides. 
Floodplain and associated riparian habitat also varies with the development 
of levees and encroachment of agriculture and urban uses. Flows in all 
three river systems are highly altered by dams and diversions that are 
managed for flood control and water supply purposes. The upstream extent 
of migration for anadromous salmonids in the Stanislaus, Tuolumne, and 
Merced rivers is formed by the Goodwin, LaGrange, and Crocker-Huffman 
dams, respectively. 
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Delta 
The Delta is a vast, interconnected network of streams, rivers, marshes, 
sloughs, tidal channels, shoals, and similar freshwater and brackish habitats 
that support a diverse assemblage of aquatic species (Sommer et al., 2007), 
many of which have been introduced from other areas (Cohen and Carlton, 
1998). The Delta and Suisun Bay, on the western edge of the Delta, are 
located at the confluence of the Sacramento and San Joaquin rivers and 
represent the most important, complex, and controversial geographic area 
for both anadromous and resident fisheries and distribution of California 
water resources for numerous beneficial uses. The Delta’s channels are 
used to transport water from upstream reservoirs to the southern Delta, 
where federal and State facilities (Jones Pumping Plant and Harvey O. 
Banks Delta Pumping Plant, respectively) pump water into CVP and SWP 
canals, respectively. 

 
 

 
 

 

 

The availability of suitable habitat within these aquatic communities is 
highly dynamic both temporally and spatially in response to shifts in 
specific ecological processes, most importantly changes in freshwater 
inflows and salinity. In addition to these factors, environmental conditions 
such as water temperature, predation, food production and availability, 
competition with introduced exotic fish and invertebrate species, and 
pollutant concentrations all contribute to interactive, cumulative conditions 
that have substantial effects on Delta fish populations. 

The Delta serves as a migration path for all Central Valley anadromous 
species returning to their natal rivers to spawn. Adult Chinook salmon 
move through the Delta during most months of the year. Salmon and 
steelhead juveniles depend on the Delta as transient rearing habitat during 
migration through the system to the ocean and could remain for several 
months, feeding in marshes, tidal flats, and sloughs. In addition, Delta 
outflow influences abundance and distribution of fish and invertebrates in 
the Bay through changes to salinity, currents, nutrient levels, and pollutant 
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concentrations. Delta smelt is a key species driving many of the ongoing 
water management decisions in the Delta. 

Aquatic Habitat Relationship to Ecological Processes   Numerous 
physical, chemical, and biological processes interact within the Sacramento 
and San Joaquin rivers, major tributaries, and Bay-Delta to shape the 
aquatic communities found therein. In large part, these processes are driven 
by river flows, which, historically, have been highly variable in timing, 
magnitude, and duration within and among years.  Currently, the water 
management system for the Central Valley controls the timing of peak 
flows through the Sacramento River and San Joaquin River watersheds.  
Surface water storage reduces peak flows during the wet season, providing 
flood management. Controlled releases during the dry season have 
provided additional water for agricultural, municipal, and industrial use. 

Dams and reservoirs have also changed sediment transport and deposition 
in the Central Valley.  Large amounts of fine sediment have deposited 
behind the largest dams (e.g., in Shasta Lake and Lake Oroville).  Dam 
outflows tend to carry little sediment into the downstream river segment, 
but displace and remove sediment from the downstream segment’s channel, 
and thus cause net erosion of the channel bed and banks (Kondolf, 1997), 
resulting in degradation of these aquatic habitat components.  The blockage 
by dams of sediment movement downstream also contributes to the 
armoring of channel banks where all but the coarsest grain particles (e.g., 
large gravel, cobble, and boulders) are transported downstream (e.g., in the 
Tuolumne River downstream from New Don Pedro Dam and the Stanislaus 
River downstream from New Melones Dam) (Kondolf, 1997; Mount, 
1995). 

All structures constructed in the channel or on the active floodplain 
(including dams, berms and levees, and bank protection) alter flows and 
sediment erosion and deposition, and thus have consequences for channel 
form.  The most substantial effects result from bank protection, berms and 
levees, and dams.  Bank protection (e.g., stone revetment, riprap) is 
installed for the purpose of reducing lateral movement of the channel.  
Berms and levees restrict floodwaters to a small portion of the floodplain, 
and create deeper and faster peak flows capable of eroding and transporting 
more sediment that may expand the channel cross-sectional area.  Dams 
affect channel form by reducing the frequency and magnitude of larger 
flow events, and by blocking sediment from entering downstream channel 
segments; thus, reducing the overall channel size or causing excessive 
incision (Kondolf, 1997).  Dams also play an important role in altering the 
temperature in the major rivers within the Central Valley.  The reservoirs 
behind dams have an insulating effect on stored water, creating a pool of 
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artificially cold water that is available for release to the downstream 
riverine habitats.  

In the tidally influenced Delta, a transitional zone between freshwater and 
marine environments, the cause-and-effect relationship between freshwater 
outflow and aquatic community composition and diversity is complex and 
often dictated by a chain or web of events rather than by specific, direct 
effects (Burau et al., 1998). However, the balance between freshwater 
outflows and saltwater inflows has been described as being critically 
important for the ecology of the Delta (e.g., Sommer et al., 2007; 
Kimmerer et al., 2008) and, by extension, to many of the native fish 
species. 

 
 

2.
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As mentioned above, historically the Delta was characterized by a shifting 
mosaic of salinity patterns in response to maximum freshwater outflows 
during the winter and spring months and saltwater intrusion into the Delta 
during the summer and fall months. These patterns would shift annually in 
response to increases or decreases in runoff associated with rainfall and 
snowfall amounts. With the construction of California’s water storage and 
delivery projects (i.e., the CVP and SWP), as well as modifications to the 
Delta for water deliveries, flood protection, and shipping, the magnitude of 
these inter-annual shifts in salinity patterns have been reduced (Kimmerer 
et al., 2008). 

 
 

 
 

The mixing zone between saltwater and freshwater is commonly referred to 
as the entrapment zone, a region of the Bay-Delta characterized by higher 
levels of particulates (most of which are transported into the Bay-Delta 
from the Sacramento and San Joaquin rivers), higher abundances of several 
types of organisms (such as phytoplankton and zooplankton), and 
maximum turbidity. It is commonly associated with the position of the two 
parts-per-thousand salinity isopleth (X2), but actually occurs over a broader 
range of salinities (Kimmerer, 1992). Although X2 and the entrapment 
zone may not be as closely related as previously believed (Burau et al., 
1998), X2 continues to be used as an indicator of the entrapment zone 
location. In recent years, this zone in the Bay-Delta has ranged between 
approximately Honker Bay and Sherman Island (river kilometer 70 to 85) 
(USFWS, 2008). 

 

 

As a consequence of higher levels of particulates, X2 is likely biologically 
significant for some aquatic species (Jassby et al., 1995). Mixing and 
circulation in this zone concentrates plankton and other organic material, 
thus increasing food biomass and production. Larval fish such as striped 
bass (Morone saxatilis), delta smelt, and longfin smelt (Spirinchus 
thaleichthys) may benefit from enhanced food resources present in the 
entrapment zone. Additionally, it is possible that the beneficial physical 
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and biological processes concentrated within X2 may be enhanced or 
muted, depending upon the cross-sectional area associated with X2 and the 
suitability of the physical habitats associated with X2 for specific species 
(Unger, 1994). The relationship between physical habitat elements and 
aquatic communities is described in more detail within the following 
section. 

Relationship to Physical Habitat Elements   As previously described, 
much of the land in the Sacramento and San Joaquin river basins was 
historically characterized by an extensive, interconnected network of 
marshes and other wetlands, riparian forests, and seasonal floodplains. In 
addition to providing important habitat for terrestrial species, these 
communities provided essential habitat for many of the fish species found 
in the region. Although these areas have been reduced to a fraction of their 
original extents, they continue to fulfill a variety of aquatic habitat 
functions. Seasonal floodplains and shaded riverine aquatic (SRA) habitat 
are especially important for native fish in the Sacramento and San Joaquin 
rivers and their major tributaries. 

Seasonal floodplains act as an interface zone between terrestrial and 
aquatic habitats. The shallow water, lower velocity flows, presence of 
standing vegetation and organic matter, and comparative absence of 
nonnative, predatory fish provide spawning and rearing habitat for a variety 
of native fish, including many special-status species adapted to the dynamic 
nature of seasonal floodplain inundation (Sommer et al.; 2001, 2003). 
Although many of these species may also use marshes and other areas of 
submerged aquatic vegetation for spawning or rearing, research suggests 
that permanent marshes, because they lack the dynamic qualities of 
seasonal floodplains, provide lower quality habitat for native fish at the 
expense of improved habitat for nonnative fish such as largemouth bass 
(Micropterus salmoides) and other nonnative predatory species (Nobriga et 
al., 2005; Brown, 2003). The relative lack of seasonal floodplains within 
the lower Sacramento River system (with the notable exceptions of the 
Yolo Bypass and lower Cosumnes River) and complete absence in the San 
Joaquin River system is likely one reason for the observed decline of 
Chinook salmon, Sacramento splittail (Pogonichthys macrolepidotus), and 
similar special-status species that are adapted to exploit the dynamic nature 
of seasonal floodplain habitats (NMFS, 2009; Moyle et al., 2007). 

SRA habitat is composed of riparian vegetation and in-stream tree and 
shrub debris that provides important fish habitat. SRA habitat is defined as 
the near-shore aquatic habitat occurring at the interface between a river and 
adjacent woody riparian habitat. The principal attributes of this aquatic 
habitat type are an adjacent bank composed of natural, eroding substrates 
supporting riparian vegetation that either overhangs or protrudes into the 
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water, and water that contains variable amounts of woody debris, such as 
leaves, logs, branches, and roots and has variable depths, velocities, and 
currents. Riparian habitat provides structure (through SRA habitat) and 
food for fish species. Shade helps maintain water temperatures, while low 
overhanging branches can provide sources of food by attracting terrestrial 
insects and providing habitat and organic material for aquatic invertebrates. 
As riparian areas mature and banks erode, the vegetation sloughs off into 
the rivers, creating structurally complex habitat consisting of in-stream 
woody material that provides refugia from predators, creates higher water 
velocities, and provides habitat for aquatic invertebrates. For these reasons, 
many fish species are attracted to SRA habitat, particularly native 
salmonids. Similar to the decline in seasonal floodplain habitat, the loss of 
SRA habitat is likely one reason for the observed decline in salmonid 
populations throughout the region. 
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Geomorphic processes such as channel migration, chute-cutoff, and 
avulsion (tearing away) are crucial to the formation of oxbow lakes, 
sloughs, and side channels and other off-channel habitats on actively 
meandering rivers, these are collectively referred to as off-channel water 
bodies (Kondolf and Stillwater Sciences, 2007).  Off-channel water bodies 
(OCWB) evolve over time as a function of sediment deposition and scour, 
vegetation colonization and succession, and the buildup of organic detritus 
from aquatic vegetation.  A variety of riverine species depend on OCWBs 
for habitat.  For example, in the Sacramento River corridor, OCWBs 
provide critical habitat for western pond turtle, Sacramento sucker 
(Catostomus occidentalis), Sacramento pikeminnow (Ptychochelilus 
grandis), California roach (Hesperoleucus symmetricus), and Chinook 
salmon.  They also harbor several nonnative species, such as largemouth 
bass, and bullfrogs (Raca catesbeiana), which prey upon native fish, and 
red-eared sliders (Trachemys scripta) that compete with native western 
pond turtles for food and space. 

 
 

 
 

 

Fish Species Associated with the Aquatic Communities   The physical 
processes and habitat elements described above support a large and diverse 
assemblage of native and nonnative fish (Table 2-3). These species include 
recreationally and commercially important species such as salmonids and 
many sunfish species as well as species listed as threatened or endangered 
(see Table 2-4). The striped bass is a recreationally important fish but is 
nonnative and is a major predator.  Aside from these freshwater and 
euryhaline (tolerating a wide range of salinity) species (i.e., species tolerant 
of a wide salinity range) found within the Bay-Delta and Central Valley 
river systems, more than 200 species of fish, mostly marine species, exist in 
adjacent portions of the San Francisco Estuary (Miller and Lea, 1972), and 
some of these species may occasionally use portions of the western Delta 
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during periods of reduced freshwater flows from the Sacramento and San 
Joaquin rivers. 

Native anadromous species found in the Sacramento and San Joaquin river 
basins include: four runs of Chinook salmon, steelhead trout, green and 
white sturgeon (Acipenser medirostris and A. transmontanus), and Pacific 
lamprey (Lampetra tridentata). Native resident species include delta smelt, 
Sacramento pikeminnow, Sacramento splittail, Sacramento sucker, 
Sacramento perch (Archoplites interruptus), hardhead (Mylopharodon 
conocephalus) and other native minnows, and rainbow trout 
(Oncorhynchus mykiss). Introduced anadromous species include striped 
bass and American shad (Alosa sapidissima). Introduced resident species 
include: largemouth bass, smallmouth bass, white and black crappie 
(Pomoxis annularis and P. nigromaculatus), channel catfish (Ictalurus 
punctatus), white catfish (Ameiurus catus), brown bullhead (Ictalurus 
nebulosus), bluegill, green sunfish, golden shiner (Notemigonus 
crysaleucas), and brown trout (Salmo trutta). The striped bass is a 
recreationally important fish but is a predator of threatened salmonid and 
smelt species. 

Table 2-3.  Fish Associated with Sacramento and San Joaquin River 
Basins Aquatic Communities 

Common Name Scientific Name 
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Native Species 
Hitch Lavinia exilicauda X X X 
Blackfish Orthodon macrolepidotus X X X 
California roach Lavinia symmetricus sp. X X X 
Hardhead Mylopharodon conocephalus X X X 
Sacramento splittail Pogonichthys macrolepidotus X X X 
Pikeminnow Ptychocheilus grandis X X X 
Sacramento sucker Catostomus occidentalis X X X 
Delta smelt Hypomesus transpacificus X X  
Longfin smelt Spirinchus thaleichthys X X  
Steelhead/rainbow trout Oncorhynchus mykiss x X X 
Chinook salmon Oncorhynchus tshawytscha X X X1 
Threespine stickleback Gasterosteus aculeatus X X X 
Prickly sculpin Cottus asper X X X 
Tule perch Hysterocarpus traski X X X 
White sturgeon Acipenser transmontanus X X X 
Green sturgeon Acipenser medirostris X X X 
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Table 2-3.  Fish Associated with Sacramento and San Joaquin River 
Basins Aquatic Communities (Contd.) 

Common Name Scientific Name 
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Introduced Species 
American shad Alosa sapidissima X X X 
Threadfin shad Dorosoma petenense X X X 
Goldfish Carassius auratus X X X 
Red shiner Cyprinella lutrensis X X X 
Carp Cyprinus carpio X X X 
Golden shiner Notemigonus chrysoleucas X X X 
Roseface shiner Notropis rubellus X X X 
Fathead minnow Pimephales promelas X X X 
White catfish Ameiurus catus X X X 
Black bullhead Ameiurus melas X X X 
Channel catfish Ictalurus punctatus X X X 
Wakasagi Hypomesus nipponensis X X X 
Western mosquitofish Gambusia affinis X X X 
Inland silverside Menidia beryllina X X X 
Striped bass Morone saxatilis X X X 
Bluegill Lepomis macrochirus X X X 
Redear sunfish Lepomis microlophus X X X 
Smallmouth bass Micropterus dolomieu X X X 
Largemouth bass Micropterus salmoides X X X 
White crappie Pomoxis annularis X X X 
Black crappie Pomoxis nigromaculatus X X X 
Bigscale logperch Percina macrolepida X   
Yellowfin goby Acanthogobius flavimanus X   
Shimofuri goby Tridentiger bifasciatus X   
Chameleon goby Tridentiger trigonocephalus X   
Source: Moyle, 2002b; California Department of Fish and Game, unpublished data 

Notes: 
1 Only the fall/late-fall run of Chinook salmon are found in the San Joaquin River; winter-run 
and spring-run fish are confined to the Sacramento River watershed. 
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Special-Status Species 
The CALFED MSCS list of special-status species provides a good sample 
of species of concern in the Sacramento and San Joaquin river basins. It 
includes 244 species of plants, fish, and other animals, approximately 200 
of which were determined to be potentially affected by CALFED project 
activities (CALFED, 2000a). Because the MSCS area is larger than the 
Sacramento and San Joaquin river basins, the list of special-status species 
considered in the Central Valley Flood Protection Plan (CVFPP) has been 
reduced to only include those species likely to make significant use of the 
Bay-Delta (including surrounding agricultural areas), the Sacramento River 
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and San Joaquin River (and their tributaries on the valley floor), and 
wetland and riparian habitats connected to or adjacent to these areas. For 
the purposes of the CVFPP, the MSCS list of special-status species has 
been further reduced to only include species that are listed as either 
threatened or endangered under the federal or California Endangered 
Species Act (ESA) or, in the case of plants, species on List 1B of the 
CNPS’s Inventory of Rare and Endangered Plants (CNPS, 2009). 

DFG Species of Special Concern and Fully Protected Species (FP), as well 
as CNPS List 2 species, are not included on this list. Although DFG 
Species of Special Concern, FP, and CNPS List 2 species are considered to 
be worthy of special conservation consideration within California, the 
species listed in Table 2-4 are, mostly, California endemic species or 
species that rely on habitats nearly exclusively for breeding, foraging, or 
other critical ecological requirements. Additionally, these species have 
experienced significant habitat reductions and, therefore, have been 
afforded higher levels of regulatory protection. All 244 species considered 
by CALFED to be worthy of conservation consideration, as well as full 
species accounts for the species listed below, may be found in the 
CALFED MSCS (CALFED, 2000a). Critical habitat for these species, 
where it has been officially designated by the USFWS, is shown on 
Figure 2-16. 
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Table 2-4.  Primary Threatened and Endangered Species and Rare 
Plants Within the Sacramento and San Joaquin River Basins 

 

Species Status Habitat 

Invertebrates 

Lange’s metalmark butterfly 
(Apodemia mormo langei) FE Riverine sand dunes at Antioch 

Dunes NWR 

Valley elderberry longhorn beetle 
(Desmocerus californicus 
dimorphus) 

FT Elderberry shrubs within riparian 
areas 

Reptiles/Amphibians 

Giant garter snake (Thamnophis 
gigas) FT, ST 

Freshwater marsh, ponds, and other 
slow-moving waters; requires 
uplands above the floodplain for 
winter hibernation. 

Birds 

Greater sandhill crane (Grus 
canadensis tabida) ST 

Agricultural fields for foraging; 
shallowly flooded wetlands for 
roosting (does not nest in the 
Sacramento and San Joaquin river 
basins) 

Swainson’s hawk (Buteo 
swainsoni) FT, ST 

Large trees for nesting; low, open 
herbaceous grassland and 
agricultural land for foraging, 
especially alfalfa 
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Table 2-4.  Primary Threatened and Endangered Species and Rare 
Plants Within the Sacramento and San Joaquin River Basins (Contd.) 

Species Status Habitat 

Bald eagle (Haliaeetus 
leucocephalus) SE 

Does not nest in the Central Valley 
but frequently hunts along Central 
Valley lakes and rivers in the winter 

California clapper rail (Rallus 
longirostris obsoletus) FE, SE 

Salt and brackish marshes in the 
Bay Area, including Suisun Marsh 
and environs 

California least tern (Sterna 
antillarum browni) FE, SE 

Mostly known from Southern 
California; only observation from 
Montezuma Slough area 

Black rail (Laterallus jamaicensis 
cotumiculus) ST 

Marshes and bay margins with 
shallow water and dense vegetation 
from the Delta westward 

Western yellow-billed cuckoo 
(Coccyzus americanus 
occidentalis) 

SE 

Nests and forages in dense riparian 
vegetation, usually associated with 
early successional vegetation such 
as cottonwood and willow 

Bank swallow (Riparia riparia) ST 

Colonial nester on vertical, exposed 
sandy banks; forages over 
surrounding water and open 
habitats 

Fish 

North American green sturgeon 
(Acipenser medirostris) FT 

Marine to estuarine habitats of the 
western Delta and San Francisco 
Bay; spawns in upper reaches of 
Sacramento and Feather rivers  

Chinook salmon – Spring Run 
(Oncorhynchus tshawytscha) FT, ST Spawns in tributaries to upper 

Sacramento River 

Chinook salmon – Winter Run 
(Oncorhynchus tshawytscha) FE, SE Spawns in upper Sacramento River 

Central Valley steelhead 
(Oncorhynchus mykiss) FT 

Spawns throughout the Sacramento 
and San Joaquin river systems but 
more common in Sacramento Valley 

Delta smelt (Hypomesus 
transpacificus) FT, ST1 

Estuarine habitats; spawns in lower 
reaches of the Sacramento and San 
Joaquin river on shallow floodplains 
and within shallow marsh channels 
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Table 2-4.  Primary Threatened and Endangered Species and Rare 
Plants Within the Sacramento and San Joaquin River Basins (Contd.) 

Species Status Habitat 

Fish (Contd.) 

Longfin smelt (Spirinchus 
thaleichthys) ST2 

Marine to estuarine habitats; 
spawns in deeper channels of the 
Sacramento River below Rio Vista 
and, potentially, the lower San 
Joaquin River 

Mammals 

Riparian brush rabbit (Sylvilagus 
bachmani riparius) FE, SE 

Dense riparian scrub and woodland 
with well-developed understory 
along the Stanislaus River (Caswell 
State Park) and scattered locales 
along lower San Joaquin River 

Riparian wood rat (Neotoma 
fuscipes riparia) FE 

Riparian woodland with well-
developed understory along the 
Stanislaus River (Caswell State 
Park) 

Salt marsh harvest mouse 
(Reithrodontomys raviventris) FE, SE 

Edges of saline emergent wetland, 
including Suisun Marsh, within the 
Bay Area; require uplands above 
floodplains 

Plants 

Delta button-celery (Eryngium 
racemosum) SE, 1B Heavy alkaline clay soils within 

floodplains of the San Joaquin River 

Contra Costa wallflower 
(Erysimum capitatum ssp. 
angustatum)  

FE, 1B Riverine sand dunes at Antioch 
Dunes NWR 

Antioch Dunes evening-primrose 
(Oenothera deltoides ssp. howellii) FE, 1B Riverine sand dunes at Antioch 

Dunes NWR 

Suisun thistle (Cirsium 
hydrophilum var. hydrophilum) FE, 1B Suisun Marsh along smaller 

channels 

Suisun Marsh aster 
(Symphyotrichum lentum) 1B 

Riverbanks, marshes, and channels 
in riparian scrub, tule, and similar 
vegetation 

Delta tule pea (Lathyrus jepsonii 
var. jepsonii) 1B 

Edges of marshes and riparian 
scrub, primarily within the Delta; 
occasionally on riverbanks and rip- 
rap 

Soft bird’s beak (Cordylanthus 
mollis ssp. mollis) FE, 1B Salt to brackish marsh, primarily 

around Suisun Marsh 
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Table 2-4.  Primary Threatened and Endangered Species and Rare 
Plants Within the Sacramento and San Joaquin River Basins (Contd.) 

Species Status Habitat 

Slough thistle (Cirsium 
crassicaule) 1B Sloughs, riverbanks, and marshes 

along the San Joaquin River 

Sanford’s arrowhead (Sagittaria 
sanfordii)  1B 

Marshes, sloughs, canals, and 
similar areas with slow-moving or 
still water primarily outside the Delta 
within Sacramento and San Joaquin 
valley 

Mason’s lilaeopsis (Lilaeopsis 
masonii) SR, 1B 

Exposed un-vegetated mud flats 
within the tidal zone of the Delta, 
lower Sacramento River, and lower 
San Joaquin River 

Source: DFG, 2009a  
Notes: 
1 The delta smelt is a State of California candidate for having its listing status upgraded to 
endangered under the California Endangered Species Act. 
2 The longfin smelt is not officially considered a state listed species; however, a petition to list the 
species as threatened under the California Endangered Species Act has been received and 
reviewed by the California Fish and Game Commission. The listing has been found to be 
warranted but has not been officially approved as of August 2009. 
Key: 
1B = Rare, threatened, or endangered within California and elsewhere (California Native Plant 

Society) 
FE = Federally endangered 
FT = Federally threatened 
SE = State of California endangered 
SR = State of California Rare Species 
ST = State of California threatened 
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Figure 2-16.  CNDDB Occurrences 
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Invasive Species 
In this report, an invasive species is considered to be any “species that is 
nonnative to the ecosystem under consideration, and whose introduction 
causes, or is likely to cause, economic or environmental harm, or harm to 
human health” (National Invasive Species Council, 2001). Because this 
section is primarily concerned with ecological effects, the species discussed 
in this section are those species particularly likely to cause ecological harm; 
although, they may have adverse effects on human health or cause 
economic harm as well. 

For some taxa (e.g., plants), detailed lists of invasive species, their 
distribution across California, and their potential for adverse effects has 
been tabulated and described (Cal-IPC, 2006). Additionally, California 
maintains a ranking system and control program for invasive plants 
statewide, primarily focused on species with the greatest potential to 
adversely affect economic activities (although many of these species also 
have the potential to adversely affect native ecosystems) (DFA, 2009a). 
Although official lists of invasive species have not been published for other 
taxa, previous technical reports (e.g., CALFED, 2000b) list and describe 
other species (e.g., invasive aquatic species) that pose a threat to native 
ecosystems and species. 

While a precise accounting of invasive species found is lacking, it is likely 
that, based on past estimates from the Bay-Delta alone (Cohen and Carlton, 
1998), the total number of invasive plants and aquatic organisms within 
this region is at least 300 taxa and likely many more than this number, with 
new invasions occurring on a regular basis (Cohen and Carlton, 1998). The 
following section summarizes information on key life history 
characteristics and ecological effects just for those species that have the 
potential to adversely affect aquatic, riparian, and adjacent wetland 
ecosystems. Rather than attempting to focus on the entire gamut of species 
potentially meeting this definition, this section focuses only on taxa that 
have been previously identified as particularly problematic (Cal-IPC, 2006; 
CALFED, 2000b) or that have been identified as problematic species in 
other background documents (e.g., DFG, 2008b). Invasive species that 
have not previously been identified as causing adverse ecological effects 
and other species not currently known from the Bay-Delta or Central 
Valley, but with a high probability of future introduction are discussed in 
Section 2.2, Likely Future Conditions. 

Aquatic Species 

Asian Clams 
Two species of introduced clams, the Asian clam (Corbicula fluminea) and 
Asian overbite clam (Corbula amurensis), have dramatically affected the 
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ecology of the Bay-Delta and lower Sacramento and San Joaquin rivers. 
Corbicula was first reported in 1945 and is most abundant in freshwater 
portions of the Bay-Delta and adjacent river systems; their abundance can 
exceed 20,000 clams per square foot at certain times of the year (Lucas et 
al., 2002). Corbula is a more recent introduction from 1986 and is the most 
abundant bivalve in brackish portions of the Bay-Delta where it can reach 
densities exceeding 5,000 clams per square foot (Hymanson et al., 1994; 
Peterson, 1996). Distrubutional patters of both species shift seasonally in 
response to influx of fresh water during the winter rainy season and salt 
water intrusion from the San Francisco Bay during the dry summer season, 
particularly in the western Bay-Delta. However, due to differing salinity 
tolerances of the two species (i.e., one found in brackish and salt water and 
the other in fresh water) they effectively dominate the benthic community 
of the entire lower Sacramento and San Joaquin rivers, Delta, and eastern 
San Francisco Estuary. 
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Both species have been implicated as likely one of the primary, if not the 
primary, causes of phytoplankton decline in the Bay-Delta and adjacent 
areas (Kimmerer et al., 2008) through their tremendous ability to filter 
water and, thereby, capture and remove phytoplankton from the food chain. 
By removing phytoplankton, these species reduce food availability for 
various species of zooplankton that are the primary food source for many 
species of pelagic and young-of-the-year fish. Apart from their roles as 
consumers of phytoplankton, overbite clams play a key role in the cycling 
and bioaccumulation of contaminants in the food web, particularly 
selenium, which they may accumulate in sufficient amounts to negatively 
affect the reproductive success of waterfowl and other predators (Stewart et 
al., 2004). 

 
 

 
 

 

Introduced Zooplankton 
Zooplankton constitute a diverse group of taxa such as diatoms, copepods, 
cladocerans, rotifers, and similar taxa. They consume phytoplankton and 
are frequently consumed by fish, especially young of the year, and various 
pelagic fish such as longfin smelt and striped bass. Zooplankton can be 
either pelagic or benthic and are distributed throughout aquatic ecosystems 
within the Sacramento and San Joaquin river basins. Numerous species of 
zooplankton have been inadvertently introduced into the Sacramento and 
San Joaquin river basins through a variety of mechanisms, most frequently 
in ship ballast water (Cohen and Carlton, 1998; Kimmerer et al., 2008). 
Once introduced in the Bay-Delta, they frequently outcompete native 
zooplankton or otherwise alter food webs to the detriment of native species. 
Examples of introduced zooplankton include Limnoithona tetraspina, 
which is now the dominant copepod in many parts of the estuary (Baxter et 
al., 2005) and has altered food webs by being a benthic rather than pelagic 
organism. Similarly, competition from the nonnative myscid shrimp 
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(Acanthomysis bowani) is likely to have adversely affected the abundance 
of the native myscid shrimp (Neomysis mercedis) (Baxter et al., 2005), 
which was once one of the dominant zooplankton species in the Delta and a 
major food source for native fish (Orsi and Knutson, 1979). The dramatic 
increase in nonnative zooplankton within the Delta has been implicated as 
one of the primary ecosystem stressors within the Bay-Delta (CALFED, 
2000b). 

New Zealand Mud Snail 
The New Zealand mud snail (Potamopyrgus antipodarum) has been known 
to exist in the United States since 1987. In California, New Zealand mud 
snails were first identified in 2000 within the Owens River. Subsequent 
infestations have been documented in other watersheds on the eastern slope 
of the Sierra Nevada as well as numerous drainages  in or hydrologically 
connected to the Sacramento and San Joaquin river basins (Putah Creek, 
lower Calaveras River, lower Mokelumne River, and lower American 
River, Alameda Creek, West Antioch Creek, and Napa River) (Montana 
State University, 2009). 

New Zealand mud snails exhibit a wide range of temperature and salinity 
tolerances. Habitat preferences vary, but tend to extend across a wide 
variety of aquatic habitats, including streams, lakes and ponds, and 
brackish waters. New Zealand mud snails can feed on a wide variety of 
plant and animal matter. Most reproduction in the New Zealand mud snail 
is asexual, with colonization by the snail requiring only one female. New 
Zealand mud snail abundances have been recorded at densities of more 
than 50,000 snails per square foot (Hall et al., 2003). 

Because this species produces asexually and is easily spread, tolerates a 
wide variety of environmental conditions, and grows to extremely high 
densities, it has the potential to severely affect aquatic ecosystems and 
native fisheries. Some of these effects include: altering primary 
productivity by consuming large quantities of periphyton (Hall et al., 
2003), outcompeting native gastropods and other native aquatic grazers and 
detritivorous invertebrates that form the foundation of aquatic food webs 
(Kerans et al., 2005), altering the food base of vertebrates and invertebrates 
at higher trophic levels, especially fish (Hall et al., 2003; Ryan, 1982; 
McCarter, 1986), and altering nutrient cycles (Hall et al., 2003; Chavaud et 
al., 2003). 

Quagga and Zebra Mussel 
Quagga mussel (Dreissena bugensis) and zebra mussel (D. polymorpha) 
are small, freshwater mollusks that are native to Russia and Ukraine (Mills 
et al., 1996). It is believed that these species were inadvertently transported 
to America through the discharge of ship ballast water in the Great Lakes 
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and subsequently spread to California and other regions of the country on 
recreational boat hulls. In California, Quagga mussel is distributed 
throughout the Colorado River system and associated water delivery 
infrastructure in Southern California. The zebra mussel is only known from 
San Justo Reservoir in San Benito County. Neither species has been 
documented in the SPA (DFG, undated). Similar to saltwater mussels, 
juveniles and adults of both species attach to hard surfaces such as piers, 
docks, fish screens, water intakes, and other structures. Quagga mussels 
also have the ability to attach on soft substrates (Mills et al. 1996). These 
species have tremendous reproductive output and few predators outside 
their native habitats and are thus able to colonize structures at very high 
densities, reported at upwards of 750,000 per square meter in the Great 
Lakes (Cohen et al., 2007). 
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Both species have similar environmental requirements. Salinity, calcium 
concentrations, temperature, dissolved oxygen concentrations, and pH have 
been implicated as potential environmental factors that limit the 
distribution of these species (Mills et al., 1996; Cohen, 2008). A review of 
major waterways across California indicated that most of the SPA would be 
vulnerable to mussel invasions (Cohen, 2008). Notably, the entire 
mainstem Sacramento River and upper portions of the San Joaquin River 
were found to be unsuitable mussel habitat. Parts of the Bay-Delta region 
were also found to be unsuitable due to low calcium or high salinity; 
although, the pattern of habitat suitability in the Delta is complicated by the 
mixing of water from different sources (i.e., low-calcium water from the 
Sacramento River, high-calcium water from the lower San Joaquin and 
Delta, and high-salinity water from the western Delta and San Francisco 
Bay). Thus, the pattern of habitat suitability is highly variable both 
temporally and spatially within the Delta as these different sources of water 
become more or less important at different times of the year and in 
different parts of the Delta (Cohen, 2008). 

 
 

 
 

 

 

Quagga and zebra mussel have the potential to cause significant ecological 
and economic damage. Increased facility maintenance and operations costs 
(at power plants, municipal water utilities, harbors, and similar facilities) 
associated with quagga and zebra mussel infestations in the eastern United 
States have been estimated at minimally $100 million annually (see Cohen 
et al., 2007 and studies referenced therein). Similar to Asian clams, quagga 
and zebra mussels can also dramatically affect phytoplankton abundance 
and aquatic food webs. Studies from the Great Lakes region (reviewed in 
Cohen et al., 2007) have shown large decreases in phytoplankton 
abundance (60 percent to > 90 percent) in areas infested with zebra mussel 
and accompanying declines in zooplankton and recreationally and 
commercially important fisheries. Given California’s dependence on water 
diversion, transport, and delivery systems centered on the Delta and the 
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declining condition of the Bay-Delta ecosystem, the economic and 
ecological effects of mussel invasions in the Delta could easily exceed 
those experienced by the Great Lakes. 

Introduced Sportfish 
Several species of sportfish have been introduced from the eastern United 
States. These warm-water game fish, many of which are in the Centrarchid 
family, include largemouth bass, smallmouth bass, bluegill, green eared 
sunfish, and black and white crappie. Catfish and carp impact native fish, 
destroying benthic feeding and spawning habitat. Although these species 
support a recreationally and economically important fishery, they are also 
major predators on native fish such as delta smelt and juvenile Chinook 
salmon (Nobriga and Feyrer, 2007). Predation from these nonnative 
sportfish, as well as striped bass, is one, among many causes for the 
observed declines of these species (Kimmerer et al., 2008). 

Aquatic Plants   Several invasive aquatic plants pose a threat to aquatic 
habitats. These plants often form thick mats that cause many negative 
effects, including crowding out native plants and reducing light availability 
in the water column, which decreases habitat for fish and other wildlife; 
degrading water quality via nutrient loading, oxygen depletion, and 
increased temperature; reducing recreational and commercial activities 
(e.g., boating, swimming, fishing); increasing the presence of submerged 
aquatic vegetation, which increases habitat availability for nonnative, 
predatory fish; and, slowing water flow in canals, thereby increasing 
sedimentation rates, increasing habitat for mosquitoes, and impairing 
irrigation, drainage, hydroelectric utilities, and urban water supplies 
(Kimmerer et al., 2008; Cal-IPC, 2006; Bossard et al., 2000; Batcher, 2000; 
Washington Water Quality Program, 2002). The main means of dispersal is 
through vegetative fragmentation and transport by water flow and 
watercraft. Aquatic plants with a California Invasive Plan Council (Cal-
IPC) rating of High that are known or expected to pose significant 
ecological threats to native habitats and species include: egeria (Egeria 
densa), hydrilla (Hydrilla verticillata), water hyacinth (Eichhornia 
crassipes), parrotfeather (Myriophyllum aquaticum), Eurasian watermilfoil 
(M. spicatum), water primrose (Ludwigia peploides), Carolina azolla 
(Azolla caroliniana), and purple loosestrife (Lythrum salicaria). Decreased 
water flows due to exports may have added to hyacinth and hydrilla 
problems in the eastern Delta. 

Terrestrial Plants   A host of invasive terrestrial plants are found within 
the Sacramento and San Joaquin river basins. Many of these (e.g., medusa-
head yellow starthistle, numerous other species of annual grasses and 
thistles) are associated with grasslands and disturbed habitats. Although 
they are found within the Sacramento and San Joaquin river basins, they 
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are not likely to negatively affect associated riparian and wetland 
ecosystems. Additionally, species such as Chinese tallow-tree and two 
species of knotweed that do have the potential to adversely affect riparian 
and wetland habitats are not widely distributed through the region; 
therefore, their potential for significant ecological effects is currently 
limited. Similar to aquatic invasive species, the species described below are 
those widely distributed, invasive, terrestrial species that have a Cal-IPC 
rating of High and that are known or suspected to cause significant 
ecological problems by outcompeting and displacing native plants and 
altering habitat structure and availability for native wildlife. These species 
include: giant reed, tamarisk (Tamarix aphylla, T. parviflora, T. 
ramosissima), perennial pepperweed, red Sesbania (Sesbania punicea), 
Himalayan blackberry, and fennel (Foeniculum vulgare) (Cal-IPC, 2006). 
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Regional Conservation Efforts  

Regional conservation planning has increased to balance the needs of the 
numerous species of special-status wildlife with urban development and 
other land-development activities. Regional conservation plans include 
habitat conservation plans (HCP), which are prepared under the federal 
ESA, and natural community conservation plans (NCCP), which are 
prepared under the California Natural Communities Conservation Planning 
Act. An HCP must accompany an application for an incidental take permit 
under Section 10 of the federal ESA. The purpose of the habitat 
conservation planning process associated with the permit is to ensure that 
the effects of the authorized incidental take are adequately minimized and 
mitigated (USFWS, 2005). At the State level, a similar document, a NCCP 
can also be prepared. The primary objective of the NCCP program is to 
conserve natural communities at the ecosystem scale while accommodating 
compatible land use (DFG, 2009b). The preparation of an NCCP results in 
the issuance of an incidental take permit from the DFG for State-listed 
species covered in the plan. Large HCP and/or NCCP efforts that have been 
completed or are underway are listed below, and the regions covered by 
these documents are depicted on Figure 2-17. 

 
 

 
 

 

• Natomas Basin HCP (Adopted April 2003) 

• Bay-Delta Conservation Plan (in preparation) 

• CALFED Bay-Delta Program (Approved June 2000) 

• Yolo County HCP/NCCP (in preparation) 

• South Sacramento HCP (in preparation) 

• Yuba-Sutter HCP (in preparation) 
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• San Joaquin County HCP (adopted 2001) 

• East Contra Costa HCP/NCCP (Adopted July/August 2007) 

• Butte Regional HCP/NCCP (Administrative Draft in preparation) 

• Placer County HCP/NCCP (in preparation) 

• Central Valley Joint Venture Implementation Plan (2006) 

• Solano County HCP (in preparation) 

• PG&E Operations and Maintenance – San Joaquin Valley HCP 

Numerous other local conservation efforts and entities (resource 
conservation districts, Sacramento River Conservation Area Forum, 
Merced County conservation efforts, and other private and public 
conservancies) contribute to habitat and species protection and 
conservation activities. 
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Figure 2-17.  Habitat Conservation Plan and Natural Community 
Conservation Areas 
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2.1.4 Social and Economic Conditions 
This section describes existing social and economic conditions for the 
Central Valley. 

Population 
California is home to a rapidly growing population that may reach 60 
million by 2050 (DWR, 2009e). California’s population growth presents a 
major challenge to the State’s flood management system.  Most SPFC 
facilities are located within the Central Valley, which is experiencing some 
of the most rapid population growth in California. 

Existing Population   This section focuses on the existing populations 
within the study region.  The CVFPP has been broken down into counties 
within the Central Valley Floodplain Evaluation and Delineation Program 
Data Collection Area (DCA).  As discussed below, with the exception of 
Sutter County, each county’s boundaries extend outside the DCA, shown 
on Figure 2-18.  Data and relative comparisons should therefore not be 
assumed to be reflective of the DCA as a whole, but as representative of the 
counties in the DCA.  Counties participating in a regional council are 
discussed at a county level but are also referenced in following sections 
under the appropriate council (e.g., Sacramento Area Council of 
Governments (SACOG)).  The following describes the population trends 
within each geographic area. 
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Source: U.S. Census Bureau, 2000 
Figure 2-18.  Population Centers 
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San Joaquin Regional Policy Council 
The San Joaquin Regional Policy Council is composed of the councils of 
governments (COG) for San Joaquin, Stanislaus, Merced, Madera, Fresno, 
Kings, Tulare, and Kern counties. 

The San Joaquin River Basin is projected to grow by half to 7.3 million by 
2050 (San Joaquin Regional Policy Council, 2009). On April 1, 2009, the 
San Joaquin Valley Regional Policy Council reviewed the collaborative 
work of the participating COGs on the Blueprint, a 2-year planning effort 
to support a long-range regional planning process.  The San Joaquin Valley 
Regional Policy Council adopted a list of Smart Growth Principles to be 
used as the basis of the Blueprint planning process and adopted Scenario 
B+ as the Preferred Blueprint Growth Scenario for the San Joaquin River 
Basin to the Year 2050.  This preferred scenario will serve as guidance for 
the valley’s local jurisdictions with land use authority as they update their 
general plans.  

The counties and cities within the DCA and within the participating San 
Joaquin River Basin COGs are discussed in more detail below. 

Sacramento Area Council of Governments 
SACOG is composed of El Dorado, Placer, Sacramento, Sutter, Yolo, and 
Yuba counties, and 22 cities within the region.  SACOG has identified the 
following communities as the fastest-growing by population in the SACOG 
region from 2005 to 2035, based on 2008 projections:  Rancho Cordova, 
Vineyard (Sacramento County), Roseville, North Natomas, and Lincoln 
(SACOG, 2009). 

The SACOG counties and cities within the DCA are discussed below. 

County Population Data   Population profiles for the counties within the 
DCA are detailed in Tables 2-5 through 2-10.  Table 2-5 shows populations 
and racial demographics; Table 2-6 identifies gender populations; Table 2-
7 identifies age distribution; Table 2-8 shows total housing units; Table 2-9 
shows total average household size; and Table 2-10 shows income profiles.  
All tables are based on the 2000 U.S. Census (U.S. Census Bureau, 2000). 

Additional county information is detailed below.  Population centers are 
shown on Figure 2-18. 
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Table 2-6.  Total Population by Gender in Study Area 
 Population Male Female 

California 33,871,648 16,874,892 16,996,756 

County 

Alameda 1,443,741 709,300 734,441 

Butte 203,171 99,546 103,625 

Colusa 18,804 9,559 9,245 

Contra Costa 948,816 463,270 485,546 

El Dorado 156,299 77,963 78,336 

Fresno 799,407 400,476 398,931 

Glenn 26,453 13,373 13,080 

Kings 129,461 74,332 55,129 

Madera 123,109 58,911 64,198 

Mariposa 17,130 8,762 8,368 

Merced 210,554 104,931 105,623 

Placer 248,399 121,892 126,507 

Sacramento 1,223,499 598,815 624,684 

San Joaquin 563,598 281,627 281,971 

Shasta 163,256 79,572 83,684 

Solano 394,542 198,694 195,848 

Stanislaus 446,997 219,912 227,085 

Sutter 78,930 39,061 39,869 

Tehama 56,039 27,692 28,347 

Yolo 168,660 82,451 86,209 

Yuba 60,219 30,346 29,873 
Source:  U.S. Census Bureau, 2000.   
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Table 2-8.  Total Housing Units 

 Population 
Total 

Housing 
Units 

Vacant Owner 
Occupied 

Renter 
Occupied

California 33,871,648 12,214,549 711,679 6,546,334 4,956,536 

County 

Alameda 1,443,741 540,183 16,817 286,277 237,089 

Butte 203,171 85,523 5,957 48,336 31,230 

Colusa 18,804 6,774 677 3,853 2,244 

Contra Costa 948,816 354,577 10,448 238,449 105,680 

El Dorado 156,299 71,278 12,339 44,019 14,920 

Fresno 799,407 270,767 17,827 142,795 110,145 

Glenn 26,453 9,982 810 5,855 3,317 

Kings 129,461 36,563 2,145 19,253 15,165 

Madera 123,109 40,387 4,232 23,934 12,221 

Mariposa 17,130 8,826 2,213 4,615 1,998 

Merced 210,554 68,373 4,558 37,483 26,332 

Placer 248,399 107,302 13,920 68,372 25,010 

Sacramento 1,223,499 474,814 21,212 263,819 189,783 

San Joaquin 563,598 189,160 7,531 109,667 71,962 

Shasta 163,256 68,810 5,384 41,910 21,516 

Solano 394,542 134,513 4,110 84,994 45,409 

Stanislaus 446,997 150,807 5,661 89,886 55,260 

Sutter 78,930 28,319 1,286 16,632 10,401 

Tehama 56,039 23,547 2,534 14,214 6,799 

Yolo 168,660 61,587 2,212 31,506 27,869 

Yuba 60,219 22,636 2,101 11,105 9,430 
Source:  U.S. Census Bureau, 2000. 
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Table 2-10.  Income Profiles 

 Households 
Persons 

per 
Household 

2007 
Median 
Income 
(dollars) 

1999 Per 
Capita 
Money 
Income 
(dollars) 

Persons 
below 

poverty 
(2007) 

(percentage) 
California 11,502,870 2.87 59,928 22,711 12.4 

County 

Alameda 523,366 2.71 68,263 26,680 11.0 

Butte 79,566 2.48 39,466 17,517 17.1 

Colusa 6,097 3.01 43,882 14,730 12.7 

Contra Costa 344,129 2.72 76,317 30,615 8.7 

El Dorado 58,939 2.63 64,258 25,560 8.2 

Fresno 252,940 3.09 46,547 15,495 20.0 

Glenn 9,172 2.84 38,521 14,069 15.8 

Kings 34,418 3.18 45,087 15,848 17.2 

Madera 36,155 3.18 44,259 14,682 16.9 

Mariposa 6,613 2.37 42,757 18,190 12.5 

Merced 63,815 3.25 43,369 14,257 19.3 

Placer 93,382 2.63 69,667 27,963 6.0 

Sacramento 453,602 2.64 56,823 21,142 12.2 

San Joaquin 181,629 3.00 51,874 17,365 14.2 

Shasta 63,426 2.52 41,980 17,738 13.4 

Solano 130,403 2.90 66,575 21,731 9.6 

Stanislaus 145,146 3.03 50,367 16,913 13.6 

Sutter 27,033 2.87 49,104 17,428 12.2 

Tehama 21,013 2.62 36,884 15,793 19.3 

Yolo 59,375 2.71 55,988 19,365 14.5 

Yuba 20,535 2.87 40,602 14,124 19.2 
Source:  U.S. Census Bureau, 2000, 2009. 
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 2.0 Planning Area Description 

Alameda County  

A small unincorporated portion of eastern Alameda County, called East 
County, is located within the DCA.  East County is situated between the 
denser urban areas of San Francisco Bay and the urbanizing Central Valley 
east of the Altamont Pass.  The East County Area Plan identifies this area 
as experiencing significant growth pressure (Alameda County, 2000). 

 
 

Alameda County had a population of 1,443,741 people in 2000, making it 
the most populous county in the DCA.  Compared to state population 
trends, there were more black, American Indian/Alaskan Natives, Asian, 
Hawaiian/Pacific Islanders, and multi-race individuals by percentage.  
Based on population percentages, the county contains fewer whites and 
Hispanics than the state average. 

 
2.

1.
4 

 

Butte County 
Within the DCA are the cities of Biggs, Butte, Chico, Gridley, and 
Oroville; and unincorporated areas of Butte County, including the census-
designated areas of Oroville East, South Oroville, Thermalito, Palermo, and 
Durham. 

 
 

Butte County lies in north central California at the northern end of the 
Sacramento River Basin, approximately 150 miles northeast of San 
Francisco and 70 miles north of Sacramento.  The population of the 
unincorporated portion of Butte County has generally been declining since 
1990, while the total county population has been increasing.  The root 
cause for the unincorporated population decrease is annexation to all of 
Butte County’s municipalities (Butte County, 2009). 

 
 

 

Butte County had a population of 203,171 people in 2000.  Compared to 
state population trends, there were greater white and American 
Indian/Alaskan Native populations by percentage than the state average.  
All other races were underrepresented in comparison to the state average. 

 
 

Colusa County 
Within the DCA are the cities of Colusa and William; and portions of 
unincorporated areas of Colusa County, including the census-designated 
area of Arbuckle. 

 

 

Colusa County is in the process of updating its 1989 General Plan.  The 
housing element was revised and readopted in 2004.  The housing element 
noted that duck hunting and other recreational activities are seasonal and 
very popular in the county, and that this could impact vacancy rates in the 
county.  The Housing Element also noted that the county’s population 
increased 15.5 percent between 1990 and 2000, while the unincorporated 
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area increased 7.6 percent.  Between 1980 and 2000, the county 
experienced more growth than in any previous decade, with a majority of 
the growth focused in unincorporated communities such as Arbuckle.  This 
was primarily due to outgrowth from the Sacramento region and 
Arbuckle’s proximity to I-5 (Colusa County, 2004). 

Colusa County had a population of 18,804 people in 2000.  Compared to 
state population trends, there were greater white, American Indian/Alaskan 
Native, Hawaiian/Pacific Islander, Hispanic, and other populations by 
percentage than the state average. 

Contra Costa County 
Within the DCA are the cities of Antioch, Brentwood, and Oakley; and 
unincorporated areas of Contra Costa County, including the census-
designated areas of Bethel Island, Byron, Knightsen, and Discovery Bay. 

Contra Costa County is the ninth most populous county in California.  
Major factors contributing to attracting residents include rapid transit, 
proximity to major employment centers in the cities of Oakland and San 
Francisco, relatively affordable housing prices, and development of new 
employment centers along the Interstate 680 corridor and the Tri-Valley 
Area (ABAG, 2009). 

While the population of every city in the county increased during the 
1990s, population growth was the greatest in the East County (which 
consists of the cities of Antioch, Pittsburg, Brentwood, Bay Point, Oakley, 
and rural east Contra Costa County), particularly in the cities of Antioch, 
Brentwood, and Oakley (ABAG, 2009). 

Because of Brentwood’s proximity to the job markets of the Bay Area, 
many of Brentwood's employed residents in 2000 commuted to jobs 
outside of the city (City of Brentwood, 2009).  Oakley and Brentwood have 
undergone transformation in recent years from agricultural, service-based 
communities to increasingly desirable residential communities (City of 
Oakley, 2002). 

Contra Costa County had a population of 948,816 people in 2000.  
Compared to state population trends, there were greater white, black, 
Hawaiian/Pacific Islander, Asian, and multi-race populations by percentage 
than the state average. 

El Dorado County 
A small portion of western El Dorado County is included in the DCA, 
including the census-designated area of El Dorado Hills. 
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El Dorado County had a population of 156,299 people in 2000.  Compared 
to state population trends, there were greater white and American 
Indian/Alaskan Native populations by percentage than the state average. 

 
 

Fresno County 
Within the DCA are the cities of Fresno, Firebaugh, Mendota, San Joaquin, 
and Clovis; and unincorporated areas of Fresno County, including the 
census-designated areas of Laton, Tranquillity, Calwa, and Lanare. 

 

Rapid growth in incorporated areas of Fresno County occurred during the 
1980s.  The unincorporated areas of the county experienced a decrease in 
population from 1980 to 1996.  Currently, more Fresno County residents 
live in incorporated cities than in unincorporated areas.  The cities of 
Fresno and Clovis have seen the biggest increase in residential growth, and 
are the two most populous cities in the county (Fresno County, 2000). 

 
2.
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4 

 

Fresno County had a population of 799,407 people in 2000.  Compared to 
state population trends, there were greater American Indian/Alaskan 
Native, other, and Hispanic populations by percentage than the state 
average. 

 
 

Glenn County 
Within the DCA are the cities of Willows and Orland; and unincorporated 
areas of Glenn County, including the census-designated area of Hamilton 
City. 

 
 

Glenn County had a population of 26,453 people in 2000.  Compared to 
state population trends, there were greater white, American Indian/Alaskan 
Native, and other populations by percentage than the state average. 

 

Kings County 

 

A small portion of the northern part of unincorporated Kings County is 
located in the DCA.  
Kings County ranks as California’s seventh fastest-growing county in 
population.  The increase in the county’s growth rate is inflated due to the 
opening of Avenal State Prison, Corcoran State Prison I and II, the 
California Substance Abuse Treatment Facility, and expansion of Lemoore 
Naval Air Station (Kings County, 2004). 

 

 

Kings County had a population of 129,461 people in 2000.  Compared to 
state population trends, there were greater black, American Indian/Alaskan 
Native, other, multi-race, and Hispanic populations by percentage than the 
state average. 
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Madera County 
Within the DCA are the incorporated cities of Madera and Chowchilla; and 
unincorporated areas of Madera County, including the census-designated 
areas of Gustine, Madera Acres, Parksdale, and Parkwood. 

The cities of Chowchilla and Madera have a greater percentage of 
households at lower income levels and a lower percentage of households at 
the higher income levels than the county as a whole.  This indicates that 
poverty is concentrated in the more urban areas of the county (Madera 
County, 2004). 

The City of Madera’s population area encompasses the entire Madera 
urban area, including the unincorporated development outside the city 
limits.  Only two-thirds of the urban area’s population lies within the city 
limits (Madera County, 1995). 

Madera County had a population of 123,109 people in 2000.  Compared to 
state population trends, there were greater white, American Indian/Alaskan 
Native, other, multi-race, and Hispanic populations by percentage than the 
state average. 

Mariposa County 
A small portion of unincorporated southern Mariposa County is included in 
the DCA. 

Like most other Foothill counties (Amador, Calaveras, Tuolumne, and 
Mariposa) between 1980 and 1990, Mariposa County was one of the fastest 
growing counties in Northern California on a percentage basis.  The 
county’s growth is the result of people moving into the county, rather than 
from a natural increase (births exceeding deaths) of the resident population 
(Mariposa County, 2006). 

Mariposa County had a population of 17,130 people in 2000, making it the 
least populous of the counties in the DCA.  Compared to state population 
trends, there were greater white and American Indian/Alaskan Native 
populations by percentage than the state average. 

Merced County 
Within the DCA are the cities of Merced, Los Banos, Atwater, Gustine, 
Dos Palos, and Livingston; and unincorporated areas of Merced County, 
including the census-designated areas of Winton, Delhi, Hilmar-Irwin, 
Planada, Le Grand, and South Dos Palos. 

Unincorporated parts of the county have grown steadily over the past 15 
years.  In incorporated areas of the county, Los Banos experienced the 

2-146 March 2010 



 2.0 Planning Area Description 

greatest increase in growth in the county from 1990 to 2005 and from 2000 
to 2005.  The City of Merced also experienced a tremendous amount of 
growth between 2000 and 2005.  Merced’s growth mirrors the rest of 
Merced County, with the bulk of its growth (10,117) occurring since 2000.  
Growth in Merced County today (Year 2006) is concentrated in the 
incorporated areas (Merced County, 2007). 

 
 

 

Merced County had a population of 210,554 people in 2000.  Compared to 
state population trends, there were greater American Indian/Alaskan 
Native, other, multi-race, and Hispanic populations by percentage than the 
state average. 
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Placer County 
Within the DCA are the cities of Roseville, Lincoln, and Rocklin; the Town 
of Loomis; and unincorporated areas of Placer County, including the 
census-designated area of Granite Bay. 

 

The majority of the county’s population growth occurred in the 
incorporated areas of the county, particularly in Lincoln, Rocklin, and 
Roseville.  Lincoln was the fastest growing city in the county from 2000 to 
2007.  The cities of Rocklin and Roseville also experienced significant 
population increases over this 7-year period (Placer County, 2008). 

 
 

 

Placer County had a population of 210,554 people in 2000.  Compared to 
state population trends, there was a greater white population by percentage 
than the state average. 

 

Sacramento County  

Within the DCA are the cities of Sacramento, Citrus Heights, Folsom, 
Isleton, Galt, Elk Grove, and Rancho Cordova; and unincorporated areas of 
Sacramento County, including the census-designated areas of Arden-
Arcade, Foothill Farms, Rio Linda, La Riviera, Vineyard, Laguna West-
Lakeside, Gold River, Wilton, Walnut Grove, Carmichael, North 
Highlands, Parkway-South Sacramento, Laguna, Fair Oaks, Florin, 
Orangevale, and Rosemont. 

 
 

 

 
Centrally located in Sacramento County, the City of Sacramento has seen 
the majority of its employment and residential growth occur in the North 
Natomas community.  The downtown area and surrounding neighborhoods 
have also experienced infill and redevelopment, much of it in mixed-use 
format.  Additional smaller scale infill has occurred south and east of 
downtown (SACOG, 2008). 

Sacramento County had a population of 1,223,499 people in 2000, making 
it the second most populous county in the DCA.  Compared to state 
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population trends, there were greater white, black, American 
Indian/Alaskan Native, Asian, Hawaiian/Pacific Islander, and multi-race 
populations by percentage than the state average. 

San Joaquin County 
Within the DCA are the cities of Stockton, Lodi, Tracy, Manteca, Lathrop, 
Escalon, and Ripon; and unincorporated areas of San Joaquin County, 
including the census-designated areas of Garden Acres, Country Club, 
August, Lincoln Village, French Camp, Morada, Kennedy, Lockeford, 
South Woodbridge, Taft Mosswood, North Woodbridge, Linden, and 
Farmington. 

As a whole, San Joaquin County grew the fastest between 1940 and 1950 
and between 1980 and 1990, when the average annual growth rates 
(AAGR) were 4.1 percent and 3.3 percent, respectively.  From 1990 to 
2000, the county’s AAGR of 1.6 percent was slightly above that of the 
state’s AAGR of 1.5 percent.  From 2000 to 2008, San Joaquin County’s 
population grew at a rate of 2.6 percent AAGR.  San Joaquin County’s 
incorporated population grew twice as fast (3.1 percent AAGR) as the 
unincorporated population (1.4 percent AAGR) between 2000 and 2008.  
However, compared to the unincorporated population (0.41 percent 
AAGR) from 1990 to 2000, the 2000 to 2008 AAGR indicates a significant 
increase in population.  San Joaquin County’s population growth rate from 
2000 to 2008 was higher than California’s, with an AAGR of 2.5 percent, 
almost double the statewide AAGR (1.3 percent).  Approximately 78 
percent of the San Joaquin County’s population resides in the cities, and of 
this number, almost 43 percent are in Stockton.  Stockton’s population 
increased by a 2.3 percent AAGR in 2008.  The majority of the county’s 
population growth occurred in incorporated areas, particularly in Lathrop, 
Ripon, Tracy, and Manteca (San Joaquin County, 2009). 

San Joaquin County had a population of 563,598 people in 2000.  
Compared to state population trends, there were greater black, American 
Indian/Alaskan Native, Asian, Hawaiian/Pacific Islander, and multi-race 
populations by percentage than the state average. 

Shasta County 
Within the DCA are the cities of Redding, Anderson, and Shasta Lake; and 
unincorporated areas of Shasta County, including the census-designated 
area of Cottonwood. 

Shasta County is one of the most populous of California counties in the 
northern Sacramento River Basin (Shasta County, 2004).  In Shasta 
County, the city of Redding and its surrounding area is the primary trade 
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and commerce center for the far north central and northeastern portion of 
California.  

Shasta County had a population of 163,256 people in 2000.  Compared to 
state population trends, there was a greater white population by percentage 
than the state average. 

 
 

Solano County 
Within the DCA are the cities of Dixon, Vacaville, and a small portion of 
Rio Vista; and unincorporated areas of Solano County, including the 
census-designated area of Elmira. 
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Because of Solano County’s commitment to focus development within 
urban areas, about 95 percent of the county’s population lives in cities.  In 
2000, only 19,322 of Solano County’s 394,542 residents lived in the 
unincorporated area (Solano County, 2008).  Of the seven cities in Solano 
County, Rio Vista and Dixon are anticipated to have the highest levels of 
growth between 2000 and 2035 (City of Dixon, 2009). 

 
 

Dixon’s population has grown since its incorporation in 1878, with much 
of the growth occurring since the 1950s, and continues to grow as more and 
more families have been attracted by the city’s location and rural small 
town character (City of Dixon, 2009). 

 
 

Vacaville, as well as the greater Solano County area, continues to be an 
attractive and affordable place of residence for Bay Area workers.  
Residential growth was accommodated by the building of numerous 
subdivisions and multifamily projects in the 1970s through 1990s.  Over 
the past 20 years, the City of Vacaville’s AAGR has been about 750 new 
units built each year (City of Vacaville, 2003). 

 
 

 

Solano County had a population of 394,542 people in 2000.  Compared to 
state population trends, there were greater black, Asian, Hawaiian/Pacific 
Islander, and multi-race populations by percentage than the state average.  
The black population of Solano County makes up 14.9 percent of 2000’s 
total population, whereas the state average is 6.7 percent. 

 
 

 Stanislaus County 
Within the DCA are the cities of Modesto, Turlock, Ceres, Riverbank, 
Oakdale, Hughson, Newman, Waterford, and Patterson; and unincorporated 
areas of Stanislaus County, including the census-designated areas of Salida, 
West Modesto, Shackelford, Bret Harte, Keyes, Bystrom, Empire, Denair, 
and East Oakdale. 
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As a whole, Stanislaus County is one of the 10 fastest growing counties in 
California (Stanislaus County, 2003).  During the 1990s, the population of 
the county of Stanislaus increased 22 percent.  A major factor contributing 
to rapid population growth was the continued influx of San Francisco Bay 
Area commuters who were priced out of the local housing market but were 
able to find affordable housing in Stanislaus County.  The majority of the 
population increase in Stanislaus County occurred in the nine incorporated 
cities rather than the unincorporated area of the county.  The incorporated 
population increased 24 percent, and the population of unincorporated 
Stanislaus County increased 11.2 percent.  The population living in the 
unincorporated areas represents 25 percent of the total county population 
(Stanislaus County, 2003). 

Stanislaus County had a population of 446,997 people in 2000.  Compared 
to state population trends, there were greater white, American 
Indian/Alaska Native, other, and multi-race populations by percentage than 
the state average. 

Sutter County 
Sutter County is the only county completely within the DCA.  The county 
includes the cities of Yuba City and Live Oak; and unincorporated areas, 
including South Yuba City, Tierra Buena, and Sutter. 

As a whole, Sutter County’s prospects for growth are closely tied to the 
growth potential of the SACOG region, differentiating it from other 
counties in the northern Sacramento River Basin.  An increasing share of 
the county’s total population lives in a city.  Local governments in the 
county have directed increasing amounts of its growth into the county’s 
two incorporated cities, Live Oak and Yuba City, so that the population 
living in these cities grew from 40 percent in 1970 to 75 percent in 2007.  
Yuba City is the most populous city in the county.  Although residential 
uses tend to be clustered in the cities and rural communities, approximately 
8,800 acres of residential uses are scattered throughout the remainder of the 
county.  Most of these residential uses are located in unincorporated areas 
surrounding the cities, including the spheres of influence, and outside of the 
boundaries of the rural communities.  Other clusters of residential land use 
occur along major transportation corridors, such as SR 99 and SR 20, as 
well as along each of the rivers and surrounding the Sutter Buttes (Sutter 
County, 2008). 

Sutter County had a population of 78,930 people in 2000.  Compared to 
state population trends, there were greater white, American Indian/Alaska 
Native, and Asian populations by percentage than the state average. 
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Tehama County 
Within the DCA are the cities of Red Bluff, Corning, and Tehama; and 
unincorporated areas of Tehama County, including the census-designated 
areas of Los Molinos and Gerber-Las Flores. 

 
 

A large part of the county’s population, approximately 34 percent, reside in 
the cities of Red Bluff and Corning, with the remainder distributed 
throughout the City of Tehama and several unincorporated communities 
and rural areas throughout the county.  Tehama County is largely rural in 
nature, with isolated pockets of population primarily concentrated along the 
valley’s major transportation corridors.  As the county extends westward 
and eastward from these populated areas and into the county’s margins, 
large ranches and government land holdings dominate the terrain (Tehama 
County, 2009). 
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Tehama County had a population of 56,039 people in 2000.  Compared to 
state population trends, there were greater white and American 
Indian/Alaska Native populations by percentage than the state average.  

Yolo County  

Within the DCA are the cities of Davis, Woodland, Winters, and West 
Sacramento; and unincorporated areas of Yolo County, including the 
census-designated area of Esparto. 

 

According to the Yolo County General Plan, the county has successfully 
directed growth to the incorporated areas, with the cities and towns in the 
county housing 93 percent of the population, but accounting for less than 6 
percent of the total area (Yolo County, 2009). 

 
 

Yolo County had a population of 168,660 people in 2000.  Compared to 
state population trends, there were greater white, American Indian/Alaska 
Native, and multi-race populations by percentage than the state average. 

 
 

Yuba County 
Within the DCA are the cities of Marysville and Wheatland; and 
unincorporated areas of Yuba County, including the census-designated 
areas of Linda, Olivehurst, and Beale Air Force Base. 

 

 

As a whole, the county has experienced rapid population growth during the 
present decade, and this growth is forecast to continue.  The majority of 
Yuba County’s population (77 percent) resides in unincorporated areas 
(Yuba County, 2008). 
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Yuba County had a population of 60,219 people in 2000.  Compared to 
state population trends, there were greater white, American Indian/Alaska 
Native, and multi-race populations by percentage than the state average. 

Demographics   The 2000 Census shows the gender ratio in California at 
49.8 percent male and 50.2 percent female.  Table 2-6 shows gender by 
population in California and the counties located within the DCA.  The 
counties of Alameda (49.1 percent male to 50.9 percent female), Butte 
(49.0 percent male to 51.0 female), Contra Costa (48.8 percent male to 51.2 
percent female), El Dorado (49.9 percent male to 50.1 percent female), 
Madera (47.9 percent male to 52.1 percent female), Merced (49.1 percent 
male to 50.9 percent female), Placer (49.1 percent male to 50.9 percent 
female), Sacramento (48.9 percent male to 51.1 percent female), Shasta 
(48.7 percent male to 51.3 percent female), Stanislaus (49.2 percent male to 
50.8 percent female), Sutter (49.5 percent male to 50.5 percent female), 
Tehama (49.4 percent male and 50.6 percent female), and Yolo (48.9 
percent male to 51.1 percent female) have similar gender ratios, with more 
women than men.  San Joaquin County had an equal amount of men and 
women (50.0 to 50.0 percent, respectively).  The counties of Colusa (50.8 
percent male to 49.2 percent female), Fresno (50.1 percent male to 49.9 
percent female), Glenn (50.6 percent male to 49.4 percent female), 
Mariposa (51.2 percent male to 48.8 percent female), Solano (50.4 percent 
male to 49.6 percent female), and Yuba (50.4 percent male to 49.6 percent 
female) have more men than women, with Kings County having 
significantly more men (57.4 percent) than women (42.6 percent) based on 
population. 

The 2000 Census reported that the median age in California is 35 years.  
Merced County has the youngest median age (29 years) and Yolo the 
second youngest (30 years) of the counties in the DCA.  The oldest median 
aged counties are Mariposa (43 years), and El Dorado and Shasta (39 
years).  Table 2-7 shows the age distribution for California and each county 
in the DCA. 

Housing   The 2000 Census reported that California has 12,214,549 
housing units.  Of these, 711,679 (5.8 percent) were vacant.  Vacancy rates 
in the counties of El Dorado, Mariposa, and Placer greatly exceeded the 
state average (17.3, 25.1, and 13.0 percent, respectively).  The lowest 
vacancy rates existed in Contra Costa and Solano counties (2.9 and 3.1 
percent, respectively).  For the state, approximately 53.6 percent of housing 
is owner occupied and 40.6 percent is renter occupied.  Only Alameda, 
Fresno, Kings, Mariposa, and Yuba counties had a percentage of owner-
occupied units lower than the state average.  Yuba City had a significantly 
lower percentage of owner-occupied units at 49 percent.  Table 2-8 shows 
the breakdown of housing units by occupancy. 
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The 2000 Census reported that in California the average number of people 
per household is 2.7.  Average household sizes in the counties in the DCA 
range from 2.4 people (Mariposa County) to 3.3 people (Merced County).  
Consistent with the state trend, there are more one-person female 
households than one-person male households in all of the DCA counties.  
Average family size in California is 3.2 people, and average family size in 
the DCA counties ranged from 2.9 people (Mariposa County) to 3.6 people 
(Fresno and Kings counties).  Table 2-9 shows household size and 
characteristics for California and the counties in the DCA. 

 
 

 
 

The U.S. Census Bureau reported that the 2007 median income in 
California was $59,928.  Median income in DCA counties ranged from 
$36,884 (Tehama County) to $76,317 (Contra Costa County).  Table 2-10 
shows income profiles for California and the counties in the DCA. 
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Future Population   Preliminary future population calculations completed 
by DWR for the DCA have been provided below.  The population 
estimates for the DCA by county for 2000, 2010, and 2030 are shown in 
Table 2-11 and the number of single- and multifamily housing units in the 
DCA are shown in Table 2-12. 
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Table 2-11.  Population in DCA 
County 2000 2010 2030 

Alameda 104 104 104 

Butte 132,757 150,516 220,865 

Colusa 17,164 21,501 31,110 

Contra Costa 67,442 98,665 135,754 

El Dorado 62 139 190 

Fresno 602,505 754,538 1,119,602 

Glenn 21,914 25,394 37,180 

Kings 457 557 610 

Madera 79,427 102,889 172,324 

Mariposa 0 0 0 

Merced 205,239 266,106 427,360 

Placer 154,540 234,283 367,723 

Sacramento 1,210,433 1,424,356 1,768,546 

San Joaquin 552,713 720,353 1,165,074 

Shasta 109,599 128,855 177,680 

Solano 94,086 109,250 148,008 

Stanislaus 438,393 544,054 826,831 

Sutter 78,930 101,560 181,363 

Tehama 37,583 44,868 63,219 

Yolo 166,366 201,895 270,019 

Yuba 45,604 62,456 117,878 

Total 4,015,318 4,992,339 7,231,440 
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Table 2-12.  Housing Units in the DCA  

County 
2000 2010 2030 

Single- 
Family 

Multi- 
Family 

Single- 
Family 

Multi- 
Family 

Single- 
Family 

Multi- 
Family 

Alameda 56 7 56 7 56 7 
Butte 32,965 20,692 38,905 22,381 60,586 28,814 
Colusa 4,758 1,319 5,739 1,635 8,423 2,324 
Contra 
Costa 20,605 2,819 27,597 3,371 37,823 3,625 
El Dorado 23 0 28 0 36 0 
Fresno 139,359 69,958 171,743 77,851 269,199 102,134 
Glenn 5,925 2,345 6,633 2,587 9,840 3,430 
Kings 121 24 153 25 251 27 
Madera 17,509 5,185 22,155 6,138 38,990 9,651 
Mariposa 0 0 0 0 0 0 
Merced 49,151 17,320 63,001 20,115 100,138 30,053 
Placer 47,085 12,636 70,309 17,730 111,696 23,463 
Sacramento 325,245 144,596 386,783 163,801 486,772 204,145 
San Joaquin 137,446 47,828 181,088 53,746 301,641 76,688 
Shasta 30,740 15,090 36,409 16,054 55,699 18,275 
Solano 25,667 7,589 30,616 8,917 42,847 11,413 
Stanislaus 114,070 33,585 143,323 35,423 220,082 48,711 
Sutter 21,001 7,318 27,459 8,155 52,325 11,422 
Tehama 9,892 5,766 11,559 6,574 16,429 9,509 
Yolo 38,112 22,483 47,363 26,024 63,331 33,017 
Yuba 10,973 5,505 14,533 6,559 25,738 10,428 
Total 1,030,703 422,065 1,285,452 477,093 1,901,902 627,136 
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Alameda County 
The Association of Bay Area Governments (ABAG) predicts that the 
population of Alameda County will reach 1.9 million by 2035 (ABAG, 
2009).  Based on preliminary DWR projections, the population and number 
of single- and multifamily housing units in the DCA in Alameda County by 
Year 2030 would remain unchanged. 

Butte County 
Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 220,865 (approximately 40 percent) and the 
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number of single- and multifamily housing units in Butte County would 
increase by 46 and 28 percent, respectively. 

Colusa County 
The Housing Element of the General Plan predicted that the unincorporated 
area of the county would have a population of 13,044 by 2020 (Colusa 
County, 2004). 

Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 31,110 (approximately 45 percent) and the number 
of single- and multifamily housing units in Colusa County would increase 
by 44 and 43 percent, respectively. 

Contra Costa County 
During the 1990s, the City of Brentwood was among the fastest growing 
cities in California, with a population increase of approximately 
208 percent between 1990 and 2000.  ABAG has recently projected that the 
rate of population growth in Brentwood will greatly exceed that of Contra 
Costa County as a whole during the period of 2000 through 2020 (ABAG, 
2009; City of Brentwood, 2009). 

ABAG predicts that the population of Contra Costa County will reach more 
than 1.3 million by 2035.  In the Scattered Success Scenario, ABAG 
projected that local and regional policymakers would make limited 
progress in developing more transportation-efficient projects, and that over 
the next 25 years Brentwood’s population would increase by 36 percent 
and Oakley’s population would increase by 23 percent.  These three 
communities, along with Byron and Discovery Bay, are anticipated to 
absorb 31 percent of Contra Costa County’s total growth (ABAG, 2009). 

Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 135,754 (approximately 50 percent) and the 
number of single- and multifamily housing units in Contra Costa County 
would increase by 46 and 22 percent, respectively. 

El Dorado County 
SACOG projects that by 2035, the population of El Dorado County will be 
225,289 (a growth of 5.5 percent between 2005 and 2035) (SACOG, 2009). 

Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 190 (approximately 67 percent) and the number of 
single-family housing units in El Dorado County would increase by 36 
percent.  No multifamily units are located within the DCA within El 
Dorado County. 
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Fresno County 
Based on Appendix A of the Fresno General Plan, General Plan Growth 
Assumptions, between 1996 and 2020 the population of the City of Fresno 
is projected to grow to 675,981 (61 percent); the City of Firebaugh to 7,757 
(33 percent); the City of Mendota to 11,838 (37 percent); the City of Clovis 
to 111,534 (61 percent); and the City of San Joaquin to 6,291 (69 percent) 
(Fresno County, 2000). Based on preliminary DWR projections, by Year 
2030 the population in the DCA would increase to 1,119,602 
(approximately 46 percent) and the number of single- and multifamily 
housing units in Fresno County would increase by 48 and 32 percent, 
respectively. 
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Glenn County 
The Glenn County General Plan projected that increased population in the 
county would be due more to births than to net migration into the county 
(Glenn County, 1993). 

 

Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 37,180 (approximately 41 percent) and the number 
of single- and multifamily housing units in Glenn County would increase 
by 40 and 32 percent, respectively. 

 
 

 

Kings County 
The Kings County General Plan predicts that, unlike in previous decades, 
the majority of population growth will be due to non-institutional 
population growth.  Population growth is anticipated in the fringe areas of 
Hanford and within Lemoore’s present boundaries on undeveloped sites.  
The Kings County Association of Governments, in conjunction with local 
jurisdictions (Avenal, Corcoran, Hanford, Lemoore, and Kings County), 
has developed a Regional Housing Needs Allocation Plan for Years 2001 
through 2008.  This plan attempted to direct new housing to where 
adequate infrastructure and public services can accommodate projected 
growth (Kings County, 2004). 

 
 

 
 

Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 610 (approximately 25 percent) and the number of 
single- and multifamily housing units in Kings County would increase by 
52 and 11 percent, respectively. 

 

 

Madera County 
Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 172,324 (approximately 40 percent) and the 
number of single- and multifamily housing units in Madera County would 
increase by 54 and 46 percent, respectively. 
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Mariposa County 
Currently there are no populations located within in the DCA in Mariposa 
County and none are forecasted for 2030.  As such this population and 
housing trends are not discussed further. 

Merced County 
Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 427,360 (approximately 52 percent) and the 
number of single- and multifamily housing units in Merced County would 
increase by 51 and 42 percent, respectively. 

Placer County 
SACOG projects that by 2035, the population of Placer County will be 
570,709 (a growth of 20.9 percent between 2005 and 2035).  Between 2005 
and 2035, the City of Lincoln is projected to grow to 112,209 (6.4 percent); 
the City of Roseville to 172,500 (5.4 percent); the City of Rocklin to 
69,155 (1.5 percent); the Town of Loomis to 8,336 (0.1 percent); and 
unincorporated areas of the county to 186,278 (7.1 percent) (SACOG, 
2009). 

Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 367,723 (approximately 58 percent) and the 
number of single- and multifamily housing units in Placer County would 
increase by 58 and 46 percent, respectively. 

Sacramento County 
Though most new growth during the first half of the Metropolitan 
Transportation Plan (MTP) planning period (set to 2035) will occur 
through development in the city’s new growth areas (particularly build-out 
of North Natomas), a substantial minority of new housing and employment 
will also occur through infill and redevelopment (SACOG, 2008). 

SACOG projects that by 2035, the population of Sacramento County will 
be 1,986,543 (a growth of 54.4 percent between 2005 and 2035).  Between 
2005 and 2035, the City of Sacramento is projected to grow to 642,257 
(16.6 percent); the City of Rancho Cordova to 162,825 (8.7 percent); the 
City of Elk Grove to 192,889 (6.3 percent); the City of Folsom to 101,461 
(3.4 percent); the City of Galt to 39,429 (1.2 percent); the City of Citrus 
Heights to 94,308 (0.8 percent); the City of Isleton to 2,239 (0.1 percent); 
and unincorporated areas of the county to 751,135 (17.3 percent) (SACOG, 
2009). 

Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 1,768,546 (approximately 32 percent) and the 
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number of single- and multifamily housing units in Sacramento County 
would increase by 33 and 29 percent, respectively.  

San Joaquin County  

The Draft Background Report for the General Plan Update forecasts that 
the City of Stockton will continue to be the largest population center in San 
Joaquin County through 2030.  Other cities such as Escalon, Lathrop, and 
Ripon are projected to receive moderate growth but maintain populations 
under 50,000 residents.  Unincorporated San Joaquin County will continue 
to grow at 1.2 to 1.9 percent AAGR, and by 2015 reach a population of 
166,696, or a 15 percent increase from 2008.  The Year 2030 growth 
projection represents a strong bias toward assigning growth to the 
incorporated cities in the county, especially Stockton (San Joaquin County, 
2009). 
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Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 1,165,074 (approximately 53 percent) and the 
number of single- and multifamily housing units in San Joaquin County 
would increase by 54 and 38 percent, respectively. 

 
 

Shasta County 
Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 177,680 (approximately 38 percent) and the 
number of single- and multifamily housing units in Shasta County would 
increase by 45 and 17 percent, respectively. 

 
 

Solano County 
Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 148,008 (approximately 36 percent) and the 
number of single- and multifamily housing units in Solano County would 
increase by 40 and 34 percent, respectively. 

 
 

Stanislaus County  
Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 826,831 (approximately 47 percent) and the 
number of single- and multifamily housing units in Stanislaus County 
would increase by 48 and 31 percent, respectively. 

 

 

Sutter County 
SACOG projects that by 2035, the population of Sutter County will be 
134,266 (a growth of 4.1 percent between 2005 and 2035).  Between 2005 
and 2035, the City of Yuba City is projected to grow to 94,571 (2.7 
percent); the City of Live Oak to 14,028 (0.5 percent); and unincorporated 
areas of the county to 25,667 (0.8 percent) (SACOG, 2009). 
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Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 181,363 (approximately 56 percent) and the 
number of single- and multifamily housing units in Sutter County would 
increase by 60 and 36 percent, respectively. 

Tehama County 
Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 63,219 (approximately 41 percent) and the number 
of single- and multifamily housing units in Tehama County would both 
increase by 40 percent. 

Yolo County 
SACOG projects that by 2035, the population of Yolo County will be 
278,786 (a growth of 8.2 percent between 2005 and 2035).  Between 2005 
and 2035, the City of West Sacramento is projected to grow to 87,402 (3.6 
percent); the City of Woodland to 76,132 (2.1 percent); the City of Davis to 
76,665 (1.1 percent); the City of Winters to 12,360 (0.4 percent); and 
unincorporated areas of the county to 26,227 (0.9 percent) (SACOG, 2009). 

Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 270,019 (approximately 38 percent) and the 
number of single- and multifamily housing units in Yolo County would 
increase by 40 and 32 percent, respectively. 

Yuba County 
Yuba County’s projected growth rate through 2050 is the second-highest in 
the state after neighboring Sutter County.  Yuba County is expected to add 
130,582 new residents by 2050, for a total of 201,327 (Yuba County, 
2008). 

SACOG projects that by 2035, the population of Yuba County will be 
154,498 (a growth of 6.9 percent between 2005 and 2035).  Between 2005 
and 2035, the City of Wheatland is projected to grow to 23,056 (1.5 
percent); the City of Marysville to 13,336 (0.2 percent); and unincorporated 
areas of the county to 118,106 (5.3 percent) (SACOG, 2009). 

Based on preliminary DWR projections, by Year 2030 the population in the 
DCA would increase to 117,878 (approximately 61 percent) and the 
number of single- and multifamily housing units in Yuba County would 
increase by 57 and 47 percent, respectively. 

Land Use 
Historical Land Use   Socioeconomic and public policy history in 
California has been an important influencing factor in land use and flood 
management in the Central Valley.  Major population growth in California, 
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spurred by the discovery of gold in the Sierra Nevada in 1848, drove 
development of multiple industries that impacted land use and the effects of 
flood events in the Central Valley. 

 
 

As Spanish missionaries and explorers settled in California before the 
discovery of gold, they forcibly moved indigenous peoples from small 
scattered villages (which the Spaniards termed rancherias) to central 
communities called pueblos. Pueblos, usually sited around a military 
presidio or Franciscan mission, used small-scale water development 
projects to provide community-owned water. Water development structures 
included minor dams and ditches to divert water for irrigated agriculture. In 
addition to pueblos, the Spanish monarchy also gave grants of private 
property, ranchos, to politically favored individuals. Ranchos primarily 
included water rights only for watering livestock, although some small-
scale irrigation was also conducted. 

 
 

2.
1.

4 
 

Despite construction of these developments throughout California, the 
population was still sparse, and water development techniques relatively 
primitive. As a result, Spanish settlement resulted in only limited changes 
to California’s rivers and streams. As populations grew in the late 1700s 
and early 1800s, logging, farming, and grazing activities increased, but 
these operations were small in scale and had little impact (Mount, 1995). 

 
 

 

The discovery of gold lured gold prospectors to the Sierra Nevada and 
increased the population between 1850 and 1900.  Hydraulic mining for 
gold and other mineral resources caused a dramatic increase in erosion 
from the Sierra Nevada mountains and foothills.  Sediment flushed 
downstream increased the severity of flooding in the Central Valley and 
hampered navigation (Mount, 1995). 

 
 

 

Spurred by the Gold Rush, grazing and agriculture developed throughout 
the foothills and Central Valley to provide food for the rapidly growing 
population of California.  The Central Valley became the most productive 
farmland in the State.  A majority of the early levee systems in the 
Sacramento and San Joaquin river basins and the Delta were built to 
maximize agricultural development in the fertile floodplains (Mount, 
1995). 

 
 

 

Shipping and transportation activities that supported the growing 
population and agricultural development drove navigation requirements 
along the Sacramento and San Joaquin rivers.  Navigation along the 
Sacramento River was hampered by an increased sediment load resulting 
from hydraulic mining.  Early levees built immediately adjacent to the river 
channel locally increased the scouring/flushing of hydraulic mining debris 
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from the channels, and improved navigation in the late 1800s and early 
1900s (Mount, 1995). 

Before the 1960s, land uses in the Sacramento and San Joaquin river basins 
were principally agriculture and open space, with urban uses limited to 
small farm communities. Although agriculture and food processing are still 
the region’s major industries, expansion from the Bay Area and local 
industrial growth over the past 30 years have resulted in the creation of 
major urban centers throughout the region. 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. 

Before 1850, the Delta was essentially a broad expanse of water-based 
habitat and natural channels. Large-scale reclamation of the Delta for 
agriculture began in 1868 and by 1900 most of the lands with mineral-
organic soils, around the Delta’s exterior, were reclaimed. The final period 
of Delta reclamation occurred between 1900 and 1920 on lands in the 
Delta’s interior. The result of these reclamation efforts is largely what is 
seen as the Delta today – approximately 700 miles of meandering 
waterways and 1,100 miles of levees protecting more than 538,000 acres of 
farmland, homes and other structures. Historically, asparagus, corn, 
pasture, alfalfa, and sugar beets were the dominant crops in the Delta 
(DWR, 2005c). 

Current Land Use   There are 63 cities, one town, and 86 census-
designated areas in 21 counties within the DCA, as shown in Table 2-13.  
Cities in the DCA include the urban areas of Sacramento and Fresno, as 
well as many smaller communities throughout the Central Valley. Existing 
land uses are shown on Figure 2-15. 
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Table 2-13.  Cities, Towns, and Census-Designated Areas Within 
Counties in the Data Collection Area 

 

County Cities/Towns/Census Designated Areas 

Alameda Not Applicable – No towns in portion of county within DCA. 

Butte Biggs, Butte, Gridley, Chico, Oroville, Oroville East, South Oroville, Thermalito, 
Palermo, Durham 

Colusa Colusa, Williams, Arbuckle 

Contra Costa Antioch, Oakley, Brentwood, Bethel Island, Byron, Knightsen, Discovery Bay 

El Dorado El Dorado Hills 

Fresno Fresno, Clovis Firebaugh, Mendota, San Joaquin, Laton, Tranquillity, Calwa, Lanare 

Glenn Orland, Willows, Hamilton City 

Kings Not Applicable- No towns in portion of County within DCA. 

Madera Madera, Chowchilla, Gustine, Madera Acres, Parksdale, Parkwood 

Mariposa Not Applicable – No towns in portion of county within DCA. 

Merced Merced, Los Banos, Atwater, Livingston, Dos Palos, Winton, Delhi, Hilmar-Irwin, 
Planada, Le Grand, South Dos Palos 

Placer Roseville, Rocklin, Lincoln, Loomis, Granite Bay 

Sacramento Sacramento, Citrus Heights, Folsom, Galt, Isleton, Arden-Arcade, Foothill Farms, Rio 
Linda, La Riviera, Vineyard, Laguna West-Lakeside, Gold River, Wilton, Walnut 
Grove, Elk Grove, Rancho Cordova, Carmichael, North Highlands, Parkway-South 
Sacramento, Laguna, Fair Oaks, Florin, Orangevale, Rosemont 

San Joaquin Stockton, Lodi, Tracy, Manteca, Lathrop, Ripon, Escalon, Garden Acres, Country 
Club, August, Lincoln Village, French Camp, Morada, Kennedy, Lockeford, South 
Woodbridge, Taft Mosswood, North Woodbridge, Linden, Farmington 

Shasta Redding, Anderson, Shasta Lake, Cottonwood 

Solano Vacaville, Dixon, Rio Vista, Elmira 

Stanislaus Modesto, Turlock, Ceres, Riverbank, Oakdale, Hughson, Newman, Waterford, 
Patterson, Salida, West Modesto, Shackelford, Bret Harte, Keyes, Bystrom, Empire, 
Denair, East Oakdale, Del Rio, Riverdale Park, Grayson, Westley, Hickman 

Sutter Yuba City, Live Oaks, South Yuba City, Tierra Buena, Sutter 

Tehama Red Bluff, Corning, Tehama, Los Molinos, Gerber-Las Flores 

Yolo Davis, Woodland, West Sacramento, Winters, Esparto 

Yuba Marysville, Wheatland, Linda, Olivehurst, Beale AFB 

Key: 
AFB = Air Force Base 
DCA =  Central Valley Floodplain Evaluation and Delineation Program Data Collection Area 
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Urbanized areas comprise approximately 12 percent of the DCA, and are 
generally located along the major transportation corridors, such as SR 99 
and I-5 (Table 2-14).  Land use in the majority of the DCA is agricultural 
(approximately 66 percent), reflecting the area’s substantial agricultural 
production.  Approximately 21 percent of the DCA comprises native 
classes; of the area categorized as native class, 12 percent is surface water 
(e.g., rivers, streams, channels, lakes).  Only a very small portion of the 
DCA (0.05 percent) has not been surveyed; this includes small portions of 
El Dorado, Merced, Solano, Stanislaus, and Yolo counties. 

Table 2-14.  Summary of Land Use by Category Within Data 
Collection Area (acres) 

Land-Use Category 
Total 

Urban Agricultural 
Land Native Classes Not Surveyed 

704,503 3,787,811 1,213,712 3,021 5,708,868 
12% 66% 21% < 1% 100% 

 

Sacramento River Basin 
Land uses in the Sacramento River Basin are still principally agricultural 
and open space, with urban development focused in and around the City of 
Sacramento. Except in Sacramento County, there is generally contains 
large quantities of parkland, forests, and other open space and has 
preserved its traditionally rural nature. 

Irrigated agricultural acreage in the Sacramento River Basin peaked during 
the 1960s and has since declined. The main reason for this decline is the 
conversion of irrigated agricultural lands to urban development and 
managed wetlands. Managed wetlands are areas taken out of agricultural 
production, which can create substantial economic losses to local 
communities. Urban use occurs in smaller areas of the basin and is 
dispersed along the major transportation routes. More than half the basin’s 
population lives in the greater metropolitan Sacramento area. Other fast-
growing communities include Vacaville, Dixon, Redding, Chico, and 
several Sierra Nevada foothill towns. Urban development along major 
highway corridors in Placer, El Dorado, Yolo, Solano, and Sutter counties 
has resulted in some irrigated agricultural land being taken out of 
production. Suburban ranchette homes on relatively large parcels surround 
many of the urban areas and often include irrigated pastures or small 
orchards. Urban development accounts for approximately 863,000 acres 
(about 4 percent) of total land use in the river basin (DWR, 2005c). 

2-164 March 2010 



 2.0 Planning Area Description 

In the Sacramento River Basin, close to 50,000 acres are managed by the 
State and federal governments.  Federal lands include the Sacramento, 
Delevan, Colusa, Sutter, and Sacramento River NWRs.  State lands include 
the Yolo Bypass Wildlife Area, and Gray Lodge, Upper Butte, and Oroville 
wildlife management areas (WMA).  Together with private duck clubs, 
these State and federal lands provide essential habitat for wintering 
waterfowl and shorebirds (USACE, 2001). 

 
 

 

San Joaquin River Basin 
Agriculture remains the dominant land use of the San Joaquin River Basin. 
Agricultural production, processing, packaging, handling, shipping, and the 
sales of goods and services supporting agriculture represent a major 
economic and land0use activity. The valley floor of the San Joaquin River 
Basin is primarily privately owned agricultural land. 
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Urban activities are increasing as growing cities such as Stockton, Tracy, 
Manteca, Galt, Lodi, Modesto, Turlock, Merced, Los Banos, and Madera 
expand into surrounding agricultural lands. Pacheco and Altamont passes 
serve as commuting corridors into the Bay Area and fuel growth of valley 
“bedroom communities.” Nonetheless, vast tracts of productive agricultural 
land surround these cities. Urban land use in 1996 totaled approximately 
375,000 acres (CALFED, 2000c). The western side of the region, south of 
Tracy, is sparsely populated. Small farming communities provide services 
for farms and ranches in the area, all relatively close to I-5. 

 
 

 
 

Much of the Sierra Nevada, located on the east side of the San Joaquin 
River Basin, is national forest. Government-owned public lands include the 
El Dorado, Stanislaus, and Sierra national forests and Yosemite National 
Park. Public lands amount to about one-third of the San Joaquin River 
Basin’s total land area. The national forest and park lands include more 
than 2.9 million acres. U.S. Department of the Interior, Bureau of Land 
Management, and military properties occupy more than 200,000 and 5,100 
acres, respectively. State parks, recreational areas, and other State property 
occupy about 80,000 acres (DWR, 2009e). 

 
 

 
Public wildlife refuges in the San Joaquin River Basin include the San Luis 
NWR, which encompasses 26,340 acres; the San Joaquin River NWR with 
2,875 acres; Merced NWR with 8,280 acres; Los Banos Wildlife Area with 
5,586 acres; Volta Wildlife Area with 2,891 acres; the North Grasslands 
Wildlife Area with 7,069 acres; the White Slough Wildlife Area with 969 
acres; and the Isenberg Sandhill Crane Reserve at 361 acres. Toward the 
northern end of this river basin, the Cosumnes River Preserve is managed 
by The Nature Conservancy and has become the largest refuge area in the 
river basin at 36,300 acres. Additionally, many private duck clubs are 
maintain wetland habitat (CALFED, 2000c). 
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Delta 
Of the nearly 750,000 acres in the Delta, about 641,000 acres are rich 
farmland. Most of this area is classified as prime farmland, farmland of 
statewide importance, and unique farmland, or land with high statewide 
significance for agricultural production (CALFED, 2000c). The Delta’s 
rich peat and mineral soils support several types of agriculture. 
Approximately 71,000 acres (about 8 percent) in the Delta Region are 
urbanized, with most of the development on the periphery of the region in 
Sacramento, San Joaquin, and Contra Costa counties. Much of the 
urbanization in the region is centered in incorporated cities, such as 
Antioch, Brentwood, Isleton, Pittsburg, Rio Vista, Sacramento, and West 
Sacramento. Fourteen unincorporated communities also are in the Delta 
Region: Discovery Bay, Oakley, Bethel, Courtland, Freeport, Hood, Ryde, 
Walnut Grove, Byron, Terminous, Thornton, Hastings Tract, and 
Clarksburg.  

The Delta was given a legal boundary (CWC Section 12220) in 1959 with 
the passage of the Delta Protection Act. Anticipating the potential effects of 
urban development on the Delta, the original act was refined in 1992 to 
provide primary and secondary zones within the previously defined legal 
Delta. The Delta Protection Act of 1992 provides for regional coordination 
by establishing the Delta Protection Commission. The commission is to 
develop a long-term resource management plan for the area designated as 
the Delta Primary Zone. All local general plans for areas within this zone 
are required to be consistent with the regional plan (DWR, 1995). 

The Delta Primary Zone was delineated to eliminate incorporated cities 
(DPC, 1995). The Delta Primary Zone is under the jurisdiction of five 
Delta counties: Contra Costa, Sacramento, San Joaquin, Solano, and Yolo. 
Land-use decisions are based primarily on the county general plans, 
required under State law and containing seven mandatory elements: (1) 
land use (2) circulation and transportation, (3) housing, (4) open space, (5) 
conservation, (6) safety, and (7) noise. Many areas are currently being used 
for agricultural purposes and have value as agricultural lands (DPC, 1994). 

The five Delta counties designate Delta Primary Zone lands for agriculture 
or special Delta resources in their respective general plans. The zoning 
codes allow a variety of uses in the Delta Primary Zone: agriculture and 
agriculturally oriented uses; outdoor recreation; wildlife habitat; public 
facilities; and limited areas for commercial, industrial, and rural residential 
development. The parcel sizes specified in the general plans and zoning 
codes range from 5 to 160 acres, with most of the Delta Primary Zone in 
the 20- to 80-acre minimum parcel sizes (DPC, 2009). 
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The Delta Secondary Zone includes areas within incorporated cities or 
within the sphere of influence of cities (DPC, 1994). Isleton and portions of 
Stockton, Rio Vista, Antioch, Oakley, Sacramento, West Sacramento, Elk 
Grove, Tracy, Lathrop and Pittsburg, are located within or just outside the 
Delta Secondary Zone (DPC, 2009). These areas have a high likelihood of 
being developed for residential or other urban uses in the future 
(DPC, 1994). 

 
 

 

Since 1990, urban and other land uses have gained substantial acreage 
while agricultural land use has declined. Acquisition of farmed land, and 
subsequent retirement of that land, affects the economic base for farm-
support industries; the economic base for community businesses that rely 
on patronage from citizens working in farm or farm-support industries; the 
tax and assessment base for special districts, counties, and the State; and 
existing wildlife use patterns that have adapted to agricultural land-use 
patterns. 
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The periphery of the Delta is undergoing rapid urbanization associated with 
substantial population growth. Current and future population growth will 
increase the demand for developable land, particularly near the Bay Area, 
Stockton, and Sacramento. This demand results in the conversion of open 
space, primarily agricultural land, to residential and commercial uses. In 
the recent past, thousands of acres of agricultural lands were developed for 
residential and other urban uses. Between 1990 and 2004, about 40,000 
acres of agricultural land were converted to urban and conservation uses in 
the Delta (DPC, 1995). Estimates prepared by the Board indicate that as 
many as 130,000 new homes could be constructed within the legal Delta 
within the next decade (DPC, 2009). 

 
 

 
 

 

Changes in land use from agriculture are proposed on several islands 
covering several thousand acres to improve water quality. Both Twitchell 
and Sherman islands may be converted to year-round wildlife habitat. 
Twitchell and Sherman islands are examples of areas now restricted to the 
public. Stone Lakes NWR has begun acquiring land for conversion to 
wildlife habitat. Medford Island is now a mitigation bank, managed for 
both agriculture and wildlife habitat. Prospect Island may be converted to 
wildlife habitat. The proposed Delta Wetlands project would convert four 
islands totaling 20,000 acres into two reservoirs and two wildlife habitat 
areas. At least 4,000 acres in the Yolo Bypass Wildlife Area have been 
restored to managed, seasonal wetlands. This acreage is part of 16,000 
acres comprising agricultural and public lands, providing managed, 
permanent and semipermanent wetland habitat.  Other projects propose 20 
Delta Primary Zone lands be acquired for upland disposal of treated 
wastewater and biosolids, and for mitigation of environmental impacts 
(DPC, 2009). 
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Future Land Use 
Projected future land use was primarily based on geographic information 
system (GIS) data from the California Resources Agency/University of 
California Davis (U.C. Davis, 2004).  According to the associated 
metadata, the GIS data incorporates all county general plans in California, 
as well as many city general plans.  Because each county and city plan 
developed and used its own land-use categories and criteria, the California 
Resources Agency converted data into 13 different classes.  To create a 
meaningful comparison with the existing land-use data provided by DWR, 
these classes were further refined into land-use categories that paralleled 
the categories used to describe and characterize the existing land use.  
Based on available GIS data, urban areas within the DCA are expected to 
expand.  Development would convert both native classes and agricultural 
land uses (Figure 2-19).  Additionally, agricultural land use is anticipated to 
encroach on areas that are currently native classes.  This conversion is most 
pronounced in Merced County, and in the area near the convergence of 
Butte, Glenn, Colusa, and Sutter counties; in these areas, existing large 
contiguous native classes areas would be lost.  However, land categorized 
as native classes is expected to locally increase to create a congruent 
corridor along the Sacramento River. 
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Source: DCA boundary and planning areas – MWH, 2009, General plan – California Resources 
Agency/University of California Davis, 2004 
Figure 2-19.  Future Land Use 
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In addition to the GIS data, which incorporates all county-level general 
plans, regional planning documents were reviewed.  The SACOG Board of 
Directors’ Preferred Blueprint Scenario for 2050 (2004) and the San 
Joaquin Regional Policy Council’s Draft Regional Blueprint Vision (2009) 
were reviewed.  It is important to note that these blueprints provide a 
planning framework, but do not restrict or direct the planning efforts of 
counties or other local governments. 

The SACOG Blueprint is the guide for future growth in the Sacramento 
region.  The Blueprint consists of a Base Case, which illustrates how the 
region would develop through the Year 2050 if the existing growth patterns 
continue (growth would continue to expand outward into rural areas on the 
edges of existing development).  The Preferred Blueprint Scenario differs 
from the Base Case in that it relies on smart growth principles to encourage 
more compact development and conservation of natural resources.  In terms 
of land use, the Preferred Blueprint Scenario would reduce the amount of 
additional urbanized land and the amount of land converted from 
agricultural to urban uses, and result in 304 square miles of additional 
urbanized land and 102 square miles of agricultural land converted to urban 
uses.  The SACOG Blueprint Project also includes preparing a 2035 growth 
forecast and land-use allocation for the SACOG MTP.  The MTP, 
published in 2008, provides updated information from local jurisdictions.  
The data include general plans and specific plans, and for some 
jurisdictions reflects the implementation of the Blueprint smart growth 
principles.  The MTP concluded that while projected growth would occur 
in the central core and inner suburbs of the Sacramento region, some 
outlying communities would experience faster growth than what was 
projected. 

The San Joaquin Regional Policy Council Draft Regional Blueprint Vision 
is to establish a long-range scenario to the Year 2050.  The Draft Blueprint 
considers general plans for the area and proposes Guiding Principles for 
future development.  The preferred Blueprint Vision’s housing strategy 
calls for a net increase in housing density to meet the projected increase in 
population, as well as providing more land for agriculture and “other rural 
and urban open space purposes” (San Joaquin Regional Policy Council, 
2009). 

Lands Protected by SPFC   The SPFC protects more than half a million 
people, 2 million acres of cultivated land and approximately 200,000 
structures with an estimated value of $47 billion (DWR, 2005c). Figure 1-
1, shows the extent of the lands protected by SPFC facilities. 

Impact of Changes in Land Use   Population growth in California creates 
demand for land resources for residential, commercial, and infrastructure 
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uses. As population increases, urbanization converts substantial amounts of 
land from agriculture, wetland, open space, and other land-use categories to 
urban uses. This ongoing rapid rate of urbanization is expected to generate 
significant land-and water-use challenges for the Central Valley, including 
adequate drought-period water supplies, growth in floodplains, conversion 
of productive farmland, and preservation of sensitive environmental 
habitats. Urbanization alters flow pathways, water storage, pollutant levels, 
rates of evaporation, groundwater recharge, surface runoff, timing and 
extent of flooding, sediment yield of rivers, and suitability and viability of 
aquatic habitats (DWR, 2009e). Many of California’s levees were built 
more than 100 years ago to protect agricultural land and were not designed 
to protect the fast-growing urban areas they now protect. 
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Rural and Legacy Communities   Rural and legacy communities are an 
integral part of the Central Valley’s unique heritage. A rural community is 
a city, town, or settlement outside urban and urbanizing areas with an 
expected population of less than 10,000 within the next 10 years. Legacy 
communities are rural communities that are registered as Historic Districts 
by either State or federal entities.  These communities provide historic and 
cultural value and add to the character of the landscape. These communities 
also serve as social and service centers for surrounding farms, and 
historically served as shipping sites for products. Rural and legacy 
communities reflect the diverse heritage of the Central Valley and the 
independence of country living (DPC, 2009). 

 
 

 
 

 

Urban   Urban land use consists of residential, commercial, industrial, 
urban landscape, and vacant areas, as defined by DWR (2005c).  
Residential areas comprise single- and multiple-family units, including 
trailer courts.  Commercial use includes office, retail, hotel/motel, 
institutions (e.g., hospitals, prisons), schools, and community facilities 
(e.g., churches, stadiums, and parks).  Industrial use includes 
manufacturing, storage, distribution, mills, plants, processing centers, waste 
sites, and energy features (e.g., wind farms and solar collectors).  Urban 
landscape (e.g., irrigated lawns, golf courses, ornamental landscaping, and 
cemeteries) and vacant (e.g., paved areas, transportation corridors, airport 
runways, and undeveloped areas within urban areas) uses are also 
considered within the urban land use category. 

 
 

 
 

 

As shown in Table 2-15, urban land uses comprise 704,503 acres (12 
percent) of the DCA.  Sacramento County includes both the largest area 
(183,109 acres) and percentage (38 percent) of urban land use.  The county 
contains the greatest number of cities/census designated places (19) within 
the DCA (Table 2-16); urban uses are generally concentrated in the greater 
City of Sacramento area.  Fresno County includes the second largest urban 
area (102,496 acres), which is overwhelmingly concentrated near the cities 
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of Fresno and Clovis.  Within the DCA, Shasta County consists of 37 
percent urban land use.  This is reflective of the specific limits of the DCA 
boundary, which is generally located around development in the City of 
Redding. 

Table 2-15.  Land Use in the Data Collection Area by County (Acres) 

County Urban Agriculture 
Land 

Native 
Classes Not Surveyed Total 

Alameda 30 602 98 0 730
Butte 34,975 231,612 93,198 0 359,784
Colusa 9,253 260,035 69,210 0 338,498
Contra Costa 11,141 45,851 31,127 0 88,119
El Dorado 0 0 0 178 178
Fresno 102,496 371,705 80,603 0 554,804
Glenn 8,257 188,471 43,151 0 239,880
Kings 367 12,218 1,365 0 13,949
Madera 17,152 276,141 59,310 0 352,603
Mariposa 0 0 44 0 44
Merced 40,307 446,535 199,686 103 686,631
Placer 25,234 46,634 69,979 0 141,847
Sacramento 183,109 166,791 133,260 0 483,160
San Joaquin 83,845 542,521 84,023 0 710,388
Shasta 28,434 14,010 33,668 0 76,112
Solano 19,889 148,791 48,371 42 217,094
Stanislaus 70,112 298,589 37,084 1 405,786
Sutter 16,226 293,546 79,577 0 389,350
Tehama 13,348 49,470 60,784 0 123,602
Yolo 29,634 310,187 49,685 2,696 392,201
Yuba 10,695 84,103 39,487 0 134,285
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Table 2-16.  Relative Land Use by Category Within Data Collection Area 

County Urban 
(%) 

Agriculture 
(%) 

Native 
Classes 

(%) 
Not Surveyed 

(%) 

Alameda 4 82 13 0 
Butte 10 64 26 0 
Colusa 3 77 20 0 
Contra Costa 13 52 35 0 
El Dorado 0 0 0 100 
Fresno 18 67 15 0 
Glenn 3 79 18 0 
Kings 3 88 10 0 
Madera 5 78 17 0 
Mariposa 0 0 100 0 
Merced 6 65 29 <1 
Placer 18 33 49 0 
Sacramento 38 35 28 0 
San Joaquin 12 76 12 0 
Shasta 37 18 44 0 
Solano 9 69 22 <1 
Stanislaus 17 74 9 <1 
Sutter 4 75 20 0 
Tehama 11 40 49 0 
Yolo 8 79 13 1 
Yuba 8 63 29 0 
Note: 
Values may not total 100 percent due to rounding. 
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Native Classes   The native classes category consists of areas of 
vegetation, surface water, and barren and wasteland areas, as defined by 
DWR (2005c).  Vegetation includes native vegetation (e.g., grass land, 
brush, brush and timber, forest, and oak woodland), riparian vegetation 
(e.g., marsh, meadows, streamside, and watercourse vegetation), surface 
water (e.g., rivers, streams, channels, and lakes), and barren and wasteland 
areas (e.g., dry stream channels, mine tailings, barren land, salt flats, and 
sand dunes). 

 
 

 

Portions of each county within the DCA include native classes, ranging 
from a low of 9 percent in Stanislaus County to 100 percent in the small 
portion of Mariposa County located in the analysis area.  With the 
exception of Mariposa County, each county has surface water land use 
within the native classes category.  The greatest native classes area is 
located in Merced County; the 199,686 acres of this land use is generally 
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located between I-5 and SR 99.  Within the DCA, Merced County contains 
66,426 acres more native classes than the county with the next largest 
amount, Sacramento County.  As shown on Figure 2-15, native classes in 
Sacramento County are generally concentrated around the urban area 
associated with the City of Sacramento.  Stanislaus and Kings counties 
contain the smallest relative percentage of native classes land uses; 
however, only a small portion of Kings County (13,949 acres) is in the 
DCA and, as previously mentioned, these data may not be reflective of use 
within the county as a whole. 

Agriculture   This category consists of both agricultural and semi-
agricultural classes as defined by DWR (2005c).  For the purposes of this 
analysis, varying levels of sub-classes and types were selected by DWR.  
The category includes grain and hay crops (e.g., barley, oats); rice; field 
crops (e.g., cotton, corn, beans); pasture (e.g., alfalfa); truck, nursery and 
berry crops (e.g., onions and garlic); deciduous fruits and nuts (e.g., 
almonds and pistachios); citrus and subtropical (e.g., dates); vineyards 
(e.g., table, wine, and raisin grapes); and idle areas (e.g., fallow fields).  In 
addition, as directed by DWR, this category includes semi-agricultural 
classes (e.g., dairies, livestock feed lots), which for the purposes of this 
analysis were designated as nonirrigated agricultural land. 

As shown in Table 2-17, no single agricultural type dominates the DCA.  
According to the California Research Bureau, “although agriculture is 
widespread throughout the (central) valley, crops vary, and there is not 
even a unified ‘agricultural community’ encompassing the entire area.  
Instead, there are many agricultural interests with different concerns and 
whose common concerns (water and environmental issues, for example) 
are not unique to the valley” (Umbach, 1997). 
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Table 2-17.  Summary of Agricultural Land in Data Collection Area 

Agricultural Detail Acres 
% of 

Agricultural 
Land 

% of 
Total Land 

Alfalfa 379,786 10 7 
Almond and pistachio 324,888 9 6 
Corn 374,683 10 7 
Cotton 172,552 5 3 
Cucurbits 49,544 1 1 
Dairy 23,406 1 <1 
Dry Beans 68,567 2 1 
Fallow and idle 153,135 4 3 
Grain 253,075 7 4 
Grapes 257,399 7 5 
Nonirrigated agricultural land 131,243 3 2 
Onions and garlic 3,999 <1 <1 
Other deciduous 368,737 10 6 
Other field 59,192 2 1 
Other truck 63,782 2 1 
Other Pasture* 236,308 6 4 
Potatoes 4,391 <1 <1 
Rice 555,534 15 10 
Safflower 85,472 2 2 
Other Semi-agricultural 107,837 3 2 
Subtropical 22,090 1 <1 
Sugar beets 28,206 1 <1 
Tomatoes 195,230 5 3 
Notes: 
Values may not total 100 percent due to rounding. 
*Non-alfalfa pasture (e.g., grass, clover) 

Rice is the crop most commonly cultivated, representing 15 percent of all 
agricultural land in the DCA and 10 percent of all land analyzed.  Alfalfa, 
corn, and other deciduous crops are the next largest types, each comprising 
10 percent of the agricultural lands, and 6 to 7 percent of the total land in 
the DCA.  Potatoes, onions, and garlic are the least common agricultural 
type.  These crops, as well as sugar beets, subtropical plants, and dairies, 
each represent less than 1 percent of the total land in the DCA.  Three 
percent of the DCA, encompassing 153,135 acres, was reported as fallow 
or idle; 2 percent of the DCA is comprised of other semi-agricultural land, 
such as livestock feed lots. 
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Agricultural types within each county are presented in Table 2-18.  San 
Joaquin and Merced counties include the largest areas of agricultural lands.  
San Joaquin County contains the most agricultural land (542,521 acres) in 
the DCA, approximately 100,000 more acres than Merced County.  
Portions of San Joaquin County in the DCA were cultivated with almost 
86,000 acres of corn and more than 60,000 acres of each of the following:  
alfalfa, grapes, and other deciduous fruit and nuts (e.g., cherries, figs).  
Subtropical types were the least cultivated (254 acres) in that county.  San 
Joaquin County agricultural land included all types of agricultural lands 
considered in this analysis except cotton.  Within the DCA, Merced County 
encompasses the second largest area of cultivated land (446,535 acres).  
Alfalfa is the primary crop cultivated in the county (82,948), although 
substantial land is also devoted to corn (73,236 acres); pistachios and 
almonds (59,436); and cotton (51,026 acres).  Within the county, onions 
and garlic comprise only 4 acres of the agricultural land; no potatoes or 
safflower are produced. 

Alameda, El Dorado, and Mariposa counties include the smallest areas of 
agricultural lands (i.e., 602 acres, 0 acres, and 0 acres); this correlates to the 
fact that only very small portions of these counties (730 acres, 178 acres, 
and 44 acres) are located in the DCA.  Within the DCA, Shasta and Kings 
counties both contain fewer than 15,000 acres of agricultural land; both 
also contain a variety of agricultural types.  Of the 14,010 acres of 
agricultural land in Shasta County, more than half is pasture land (8,792 
acres).  In Kings County, alfalfa and cotton each comprise more than 3,000 
acres of agricultural land; a variety of other types are each cultivated in 
areas totaling fewer than 1,000 acres. 

Not Surveyed   Not surveyed areas are those areas that have not been 
mapped by DWR.  For future analysis, aerial photographs could be used to 
identify appropriate land use categories.  Only a very small portion of the 
DCA (0.05 percent) has not been surveyed; the largest unsurveyed area 
(2,696 acres) is in southern Yolo County near its border with Solano 
County.  El Dorado, Merced, Solano, and Stanislaus counties also include 
small areas that have not been surveyed. 
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 2.0 Planning Area Description 

Recreation  

Sacramento River Basin   Major recreation areas in the Sacramento River 
Basin include lakes, reservoirs, rivers, streams, federal wildlife refuges, and 
State WMAs. Lakes, reservoirs and streams are shown on Figure 2-3 in 
Section 2.1.2, Infrastructure. Federal wildlife refuges are shown on Figure 
2-20.  Private lands also support considerable waterfowl hunting activity in 
the river basin.  Overall, recreation use in the Sacramento River Basin has 
paralleled increased population growth. Consequently, recreation-related 
spending associated with increased visitation has become an important 
contributor to the local and regional economies. 
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Figure 2-20.  Major Wildlife Refuges in the Sacramento and San Joaquin River Basins 
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 2.0 Planning Area Description 

Recreation opportunities in the Sacramento River Basin have been shaped 
by the construction of large reservoirs and the alteration of major rivers. 
Creation of Shasta Lake, Whiskeytown Lake, Lake Oroville, Folsom Lake, 
New Bullards Bar Reservoir, and Englebright Lake have provided 
extensive reservoir recreation opportunities, including flat-water recreation.  
Before major dams were constructed, flows and water temperatures 
fluctuated seasonally. Low flows and relatively high water temperatures 
occurred in summer, and high flows and low water temperatures occurred 
in winter.  In some instances, modified river flows resulted in substantial 
changes to sport fisheries. After Shasta Lake was created, water 
temperatures and flows in the Sacramento River were altered to such a 
degree that a year-round salmonid sport fishery was created. Chinook 
salmon, steelhead trout, and rainbow trout made the greatest contribution to 
the fishery (CALFED, 2000c). 

 
 

 
 

2.
1.

4 
 

Major rivers in the basin include the Sacramento, American, and Feather 
rivers. Tributaries to the Sacramento River include Cottonwood, Cow, 
Deer, Bear, Battle, Mill, Paynes, Antelope, Butte, Big Chico, Thomes, and 
Elder creeks and the Colusa Basin Drain. 

 
 

Wildlife refuges in the Sacramento River Basin provide fishing, hunting, 
and wildlife viewing opportunities. These refuges include the Sacramento, 
Colusa, Sutter, and Delevan NWRs, Yolo Basin Wildlife Area, and Gray 
Lodge WMA.  The Gray Lodge WMA, the first wildlife refuge in the 
Sacramento River Basin, was established in 1931. Historically, the Gray 
Lodge WMA has been the most popular of the refuges in the basin. These 
areas are used for activities such as hiking, wildlife watching, festivals, and 
environmental education programs. 

 
 

 

The lower American River and the Feather River, Middle Fork, are 
currently listed as two of California’s Wild and Scenic Rivers.  In addition, 
federal, State, and private agencies have identified Sacramento River 
segments and key tributaries as eligible for designation as Wild and Scenic 
because of endangered fisheries, rare wildlife populations, riparian habitat, 
and diverse recreation opportunities (USACE and Board, 2001). 

 
 

 

 San Joaquin River Basin   Reservoirs, rivers, and wildlife refuges in the 
San Joaquin River Basin support a variety of recreational activities, 
including sportfishing, hunting, boating, camping, swimming, picnicking, 
and sightseeing. Private lands also support considerable waterfowl hunting 
activity in the river basin. 

Reservoirs and lakes in the San Joaquin River Basin include San Luis, 
Millerton, New Melones, New Don Pedro, McClure, McSwain, Eastman 
Lake, Lake Comanche, and New Hogan. Except New Melones Reservoir, 
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these reservoirs were constructed in the 1960s and 1970s.  Rivers in the 
San Joaquin River Basin include the San Joaquin, Stanislaus, Tuolumne, 
and Merced. Millerton Lake has modified the flows and temperature of the 
San Joaquin River. 

Wildlife refuges in the San Joaquin River Basin provide fishing, hunting 
and wildlife viewing opportunities.  Refuges in the San Joaquin River 
Basin include the Los Banos and Volta WMAs, and Kern, Kesterson, 
Merced, Mendota, Pixley, and San Luis NWRs. Recreation opportunities 
for both nonconsumptive and consumptive activities are provided at all 
wildlife refuges in the region. 

Overall, recreation use at major reservoirs, rivers, and wildlife refuges in 
the San Joaquin River Basin has been increasing since the 1940s. 
Consequently, recreation-related spending associated with increased use by 
visitors to the recreation areas has been increasing, and has become an 
important contributor to local and regional economies (CALFED, 2000). 

Federally designated Wild and Scenic Rivers in the San Joaquin River 
Basin include the South Fork of the Merced River, Middle and South forks 
of the Kern River, and Tuolumne River (USACE and Board, 2001). 

Delta   Recreation in the Delta is primarily water-oriented but some agri-
tourism activities occur.  Figure 2-21 shows major recreation areas in the 
Delta, fishing and boating are the most popular activities.  Almost every 
type of recreation boat can be found in Delta waterways, including 
houseboats, sailboats, fishing boats, personal watercraft, speedboats, 
canoes, rowboats, and inflatable boats. Water-based recreation activities 
include fishing from a boat, water-skiing, bird watching, sailing, cruising, 
operating personal watercraft, canoeing, kayaking, houseboating, hunting 
from a boat, swimming from a boat, boat camping, swimming from shore, 
bank fishing, and windsurfing (CALFED, 2000c). 
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Figure 2-21.  Major Recreation Areas in the Delta 
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Most of the navigable waterways in the Delta are public, and most of the 
land is private. The lack of public lands limits use of the Delta for 
recreation.  Public use of the Delta is concentrated in a few areas where 
marinas and other facilities provide recreational opportunities and access to 
Delta waterways.  There are few public parks. Some of the recreation areas 
in the Delta are accessible only by boat (DPC, 1996). 

Most of the recreation facilities are provided through private marinas. Of 
the public facilities, Brannan Island State Recreation Area provides boat 
launching, camping, swimming, nature interpretation and wind surfing, and 
the DFG owns five fishing access/launching facilities that are managed by 
Sacramento and Yolo Counties. Other public facilities include a 
Department of Parks and Recreation trail and access behind Locke, limited 
access to the USFWS Stone Lakes Refuge, several East Bay Regional Park 
District sites, San Joaquin County parks, fishing access at Clifton Court 
Forebay (DWR) and many urban recreational sites in Antioch, Pittsburg, 
Rio Vista, Sacramento, West Sacramento, and Stockton (DPC, 1996). 

The more popular land-based recreation activities include hunting, 
camping, picnicking, walking for pleasure, bicycling, wildlife viewing, 
photographing wildlife, sightseeing (driving for pleasure), and attending 
special events. Since 1990, hunting has continued on private lands, as well 
as in public areas, on waterways, and on various small Delta islands.  
Popular areas include Sherman Island WMA, Twitchell Island, Franks 
Tract State Recreation Area, and Clifton Court Forebay (CALFED, 2000c). 

Much of the open space in the Delta is used for public parks and wildlife 
refuges. The California Department of Parks and Recreation owns 5,000 
acres in the Delta, including Brannan Island; Franks Tract State Recreation 
Area (flooded) for recreation; Delta Meadows River Park, a scenic 
waterway near Locke that is popular with boaters; and more than 1,000 
acres in the Stone Lakes NWR. Significant amounts of acreage in the Delta 
have been purchased in recent years by State, federal, and nonprofit 
agencies for enhancement and management as wildlife habitat. 
Approximately 23 public recreation facilities are located in the Delta 
(CALFED, 2000c). 

Visual Resources 
Sacramento River Basin   Visual resources in the Sacramento River Basin 
are characterized by agricultural uses, grasslands and woodlands in the 
foothills, and forests in the upper watersheds.  Historical changes in the 
Sacramento River Basin from grasslands, floodplains, and extensive 
riparian areas to cropland, rice fields, and orchards have reduced visual 
variety.  Before the 1940s, the Sacramento River Basin was made up of 
grasslands, scattered oak woodlands, wetlands, vernal pools, and riparian 
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areas.  The Sacramento River Basin’s upper watershed retained its 
predominantly oak woodland, grasslands, forests, and small rural 
communities despite substantial development along State and federal 
highways in the foothills and mountain areas. These areas are framed by 
the forested ridgelines of the Sierra Nevada to the east, the Cascade Range 
to the north, and the Coast Ranges to the west. Little urbanization in these 
areas has preserved pristine wildernesses, mountains, and other dramatic 
landscapes (CALFED, 2000c). 

 
 

 

Construction of dams and reservoirs has substantially changed the visual 
landscape. Whiskeytown, Shasta, Oroville and Black Butte reservoirs have 
added visual variety to this region.  Viewer sensitivity is high in these areas 
because of high recreation use and easy public access. 

 
2.
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Scenic highways are roads designated as scenic by the State of California 
or local agencies, and are recognized as having exceptional scenic qualities 
or affording panoramic vistas. Officially designated State scenic highways 
within the river basin are SR 151 (from Shasta Dam to near Summit City) 
and SR 160 (from the Contra Costa County line to the southern limit of the 
City of Sacramento (CALFED, 2000c)). 

 
 

 

San Joaquin River Basin   The visual landscape of the San Joaquin River 
Basin has changed considerably since before World War II. In the 1940s, 
the valley was largely open grasslands with scattered expanses of oak 
woodland. Wetlands, vernal pools, and riparian corridors added visual 
variety to the landscape. Settlement was sparse, with small communities 
located primarily along the rivers, and scattered rural ranches. A 
significantly smaller area of the landscape was irrigated and few of the 
rivers were regulated. Much of the view opportunity was limited to the road 
and railroad corridors. After the population influx following World War II, 
rapid agricultural development and the growth of communities changed the 
visual landscape substantially and relatively quickly. Much of the grassland 
was replaced by irrigated cropland, rice fields, and orchards (USACE, 
2000). 

 
 

 
 

 
As mentioned scenic highways are roads designated as scenic by the State 
of California or local agencies and are recognized as having exceptional 
scenic qualities or affording panoramic vistas. Officially designated State 
Scenic Highways (Caltrans, 2007), including State routes and Interstates 
within the region, are I-5 between Interstate 205 (I-205) (San Joaquin 
County) and just south of SR 152 in Merced County (provides views of the 
Delta-Mendota Canal), SR 152 from I-5 to the Madera County line (passes 
San Luis Reservoir), and Interstate 580 (I-580) (San Joaquin County). 
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The upper watershed areas of the San Joaquin River Basin have remained 
relatively untouched over the last 150 years. The upper watershed is still 
predominantly oak woodland, grassland, and forest, with some limited rural 
development. These areas are framed by the forested ridgeline of the Sierra 
Nevada to the east and the Tehachapi Mountains to the south. Lack of 
development has preserved the scenic qualities of these areas; however, 
over the past 30 years, increasingly developed viewscapes have encroached 
along the major roadways in this region. 

Delta   Major visual resources in the Delta region include the SRAs of 
Franks Tract, Brannon Island, and Windy Cove; Stone Lakes NWR; the 
Cosumnes-Mokelumne River confluence wildlife preserve; and several 
private marinas, and camping and fishing sites.  SR 160 is a State-
designated Scenic Highway from Antioch to Freeport. Resources viewed 
from the Delta include Mount Diablo in Contra Costa County and the Vaca 
Range in Napa and Solano counties. 

Main roads from which travelers can view the Delta are SR 160, SR 4, and 
SR 12.  In many sections of SR 4 and SR 12, it is impossible to view the 
Delta waterways, as nearby levees block such views, but features such as 
Mount Diablo can be seen. 

Environmental Justice 
Environmental justice refers to the fair treatment of people of all races, 
cultures, and income with respect to the development, implementation, and 
enforcement of environmental laws, regulations, and policies. Executive 
Order 12898, Section 2-2, signed by President Clinton in 1994, requires all 
federal agencies to conduct “programs, policies, and activities that 
substantially affect human health or the environment, in a manner that 
ensures that such programs, policies, and activities do not have the effect of 
excluding persons (including populations) from participation in, denying 
persons the benefits of, or subjecting persons to discrimination because of 
their race, color or national origin.” Section 1-101 requires federal agencies 
to identify and address, as appropriate, “disproportionately high and 
adverse human health or environmental effects” of programs on minority 
and low-income populations (Executive Order 12898, 1994). California 
Government Code (CGC), Section 65040.12 (c), defines environmental 
justice as “the fair treatment of people of all races, cultures, and incomes 
with respect to the development, adoption, implementation and 
enforcement of environmental laws and policies.”  It is important to 
consider environmental justice when evaluating the location, effectiveness, 
equity, strengthening, and construction of flood protection. 

In the Central Valley, people living in predominantly rural areas tend to 
have lower incomes, higher poverty rates, and higher unemployment rates 
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than those living in urban areas. Urban centers offer the greatest 
employment opportunities for all skill levels, while employment 
opportunities in rural areas tend to involve industries such as agriculture, 
logging, and fishing. Urban centers also typically contain the social 
structure and programs to assist minority and low-income populations. 
Analysis of potential environmental justice issues focuses on farm and 
agribusiness workers because they are more likely to be directly affected by 
Central Valley Flood Management Planning (CVFMP) Program elements 
than minority and low-income populations in urban areas. 

 
 

 
 

Disadvantaged Communities   A disadvantaged community is defined as 
a community with an annual median household income of less than 80 
percent of the statewide annual median household income.  According to 
the 2000 census data, 80 percent of California’s statewide annual median 
household income is $37,994. 
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Table 2-19 and Figure 2-22 show a list of cities and census-defined places 
that qualify as disadvantaged communities.  
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Table 2-19.  Disadvantaged Cities and Census-Defined Places Within 
the Sacramento and San Joaquin River Basins 

City 2000 
Population 

2002 Median 
Income County 

Biggs 1,793 $33,250 Butte 

Byron 826 $35,938 Contra Costa 

Colusa 5,402 $35,250 Colusa 

Dos Palos 4,385 $29,147 Merced 

Firebaugh 5,743 $31,533 Fresno 

Florin 27,181 $33,793 Sacramento 

French Camp 2,678 $28,295 San Joaquin 

Gerber 1,369 $24,107 Tehama 

Gridley 5,408 $24,368 Butte 

Hamilton City 1,883 $33,169 Glenn 

Isleton 828 $33,958 Sacramento 

Linda 13,264 $22,753 Yuba 

Live Oak 6,087 $25,754 Sutter 

Marysville 11,758 $28,494 Yuba 

Olivehurst 10,912 $29,854 Yuba 

Parkway 36,281 $31,194 Sacramento 

Sacramento 398,894 $37,049 Sacramento 

South Dos Palos  1,283 $18,500 Merced 

Stockton 243,771 $35,453 San Joaquin 

Tehama 434 $27,500 Tehama 

West Sacramento 31,381 $31,718 Yolo 

Wheatland 2,264 $34,861 Yuba 

Yuba City 35,633 $32,858 Sutter 

2-188 March 2010 



 2.0 Planning Area Description 

 

 
 

 
 

2.
1.

4 
 

 
 

 
 

 
 

 
 

 

Figure 2-22.  Disadvantaged Communities Within the Sacramento and 
San Joaquin River Basins 
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Farmworkers   The vast majority of U.S. farmworkers have been Mexican 
immigrants and their children since the Bracero Program brought in more 
than 4 million laborers from Mexico from 1942 to 1964. Earlier decades 
saw substantial numbers of Chinese, Japanese, Filipinos, Native 
Americans, and African-Americans working on farms.  By 1983, an 
estimated 90 percent of the seasonal farm laborers in California were 
Mexicans or Chicanos, while nationwide, the figure was 60 percent.  
Waves of farmworkers helped create the modern Delta through 
construction of hand-built levees and excavation and maintenance of 
irrigation ditches. Many of the Chinese, Japanese, Portuguese, and other 
groups of immigrants who first labored on the Delta farms stayed on as 
tenant farmers or landowners (DPC, 1995). 

Subsistence Fishing   Anglers from a broad range of ethnic groups in the 
Delta region fish both for recreation and for basic subsistence as a result of 
cultural practices or economic need. While the exact number of people 
relying on subsistence fishing is unknown, many Delta populations have 
close cultural ties to fishing, and/or are disadvantaged and depend on 
fishing to provide nutritious food for their families. Because they consume 
fish from the Delta as a regular part of their diets, members of these 
populations may bear a disproportionate health risk from mercury 
accumulation in Delta fish species. 

Relationship Between Flood Management and Economic 
Development 
In the Central Valley, much of the new development resulting from 
population growth is occurring in areas that are susceptible to flooding. In 
some cases, land-use decisions are based on poor or outdated information 
regarding the seriousness of the flood threat.  For example, many flood 
maps used by public agencies and the general public are decades old and do 
not reflect the most accurate information regarding potential flooding.  
Even worse, many maps were made under the assumption that federal 
project levees provided protection from 100-year flood events.  The 
national focus on the 100-year standard for levee accreditation by the 
National Flood Insurance Program (NFIP) has resulted in development that 
is clustered just outside the 1-percent floodplain boundary. This area is not 
free from flood risk and is possibly subject to considerable risk now that 
watersheds have been urbanized and runoff thereby increased. 

Land use decisions at the local level that allow development in floodplains 
protected by the State-federal levee system in the Central Valley greatly 
increase the risk of State liability for loss of life and property damage. As 
the risks of levee failure and corresponding damage increase, California’s 
courts have generally exposed public agencies, and the State specifically, to 
enormous financial liability for flood damages. The November 2003 
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Paterno vs. State of California decision found that when a public entity 
operates a flood management system built by someone else, it accepts 
liability as if it had planned and built the system. The Paterno ruling held 
the State responsible for defects in a Yuba County levee foundation that 
existed when the levee was constructed by local agricultural interests in the 
1930s. The Paterno decision makes it possible that the State will ultimately 
be held responsible for the structural integrity of much of the Central 
Valley flood management system – 1,600 miles of levees that protect more 
than half a million people, 2 million acres of cultivated land, and 
approximately 200,000 structures with an estimated value of $47 billion 
(DWR, 2005c; Independent Review Panel to DWR, 2007). 

Zoning ordinances regulating development in floodplains have been 
adopted by all counties within the last 30 years. Additionally, numerous 
cities restrict construction on floodplains via building codes. In 2008, 
portions of the CGC were amended, requiring local agencies, cities, and 
counties to amend various elements of their general plans to address flood-
related matters (CGC Section 65302) and adopt zoning revisions consistent 
with the amended general plans (CGC Section 65860.1). The Central 
Valley Flood Management Board has adopted designated floodways on the 
Sacramento, Yuba, Feather, American, Cosumnes, Mokelumne, San 
Joaquin, Tuolumne, Merced, Chowchilla, Fresno, Kings, Kaweah, Tule, 
and Kern rivers; Stony, Clear, Cow, Cottonwood, Willow, and Dry creeks; 
and Ash, Berenda, and Porter sloughs (SWRCB, 2009). 
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2.1.5 Cultural Resources 
The following discussion presents a broad overview of the cultural resource 
context for the CVFPP geographic area. For ease of discussion, 
descriptions of cultural resources are organized by regions. Historic and 
prehistoric contexts are linked to actual historic properties through the 
concept of property or resource types or, in the case of prehistoric 
resources, expected data types. Further, a discussion of Native American 
tribal territories and potential areas of concern to those tribes is provided. 
No specific locations of known cultural resources are included in this 
discussion. For purposes of definition, cultural resources are sites, 
buildings, structures, objects, and districts that may have traditional or 
cultural value for the historical significance they may possess or convey. 
Cultural resources include a broad range of resources, including 
archaeological materials, historic roadways and railroad tracks, and 
buildings of architectural significance. Generally, for a cultural resource to 
be considered a historical resource (i.e., eligible for listing in the California 
Register of Historical Resources) or an historical property (i.e., eligible for 
the National Register of Historic Places), it must be 50 years or older. 
However, properties under 50 years of age that are of exceptional 
importance or are contributors to a district can also be included on the 
National Register. 

Overview 
The cultural resources setting for Sacramento and San Joaquin river basins 
will vary largely because of differences in climate, vegetation, landform, 
and prehistoric/historical land use. Data is presented for six areas of 
California: the North Coast, Sacramento River Basin, San Joaquin River 
Basin, Delta, the western edge of the Sierra Nevada, and Modoc Plateau 
(see Figure 2-23). These areas are highly generalized in the discussion 
below and should not be interpreted as a comprehensive review of these 
archaeological regions. The Central Valley area (Sacramento and San 
Joaquin river basins) consists primarily of a broad alluvial plain, and before 
large-scale agriculture, presented a vast savanna environment with the 
sloughs and meandering tributaries of the Sacramento, American, and San 
Joaquin rivers. The Sierra Nevada geographic section includes the foothills 
of the Sierra Nevada, and the southwestern end of the Cascade Ranges, 
adjacent to the Central Valley, and portions of the western Sierra Nevada 
mountain range. The Modoc Plateau of northeast California is 
characterized as an undulating flatland desert averaging between 4,000 to 
5,000 feet in elevation (Schoenherr, 1992). 

The archaeological record for extends back thousands of years.  The overall 
prehistoric pattern is one of early game hunters followed by more sedentary 
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hunters and gatherers, followed by groups who focused on collecting, and 
lived in large permanent and semipermanent villages.  Historical resources 
are associated with activities that began with the arrival in California of the 
first Europeans in the 16th century, and extend from that time through the 
present day. 

 
 

Predating human habitation, paleontological resources in the form of 
fossilized remains of organisms that lived in the region in the geologic past 
are also present in the soil and preserve an additional aspect of prehistory.  
These resources are also present. 

 
 

The locations of known archaeological and historical sites are confidential 
to prevent scavenging of artifacts.  Artifacts are considered nonrenewable 
resources. Detailed information on artifacts, especially their location, is 
considered proprietary by State law.  Therefore, the following discussion 
only gives generalities of a topic that could span many volumes of 
information. 
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Source: Arnold et.al., 2004 
Figure 2-23.  Archaeological Regions of California 
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The Sacramento and San Joaquin river basins were occupied during both 
the prehistoric and proto-historic15 periods; therefore, archaeological sites 
are widespread and numerous. Rock outcrops, river and stream drainages, 
and coastal strips were often prime locations for Native American village 
sites or processing camps. The Sacramento and San Joaquin river basins 
represent a wide diversity of land uses that now include highly urbanized 
locations, such as cities, to undeveloped areas of the high desert, Sierran 
foothills, and Sierra Nevada montane zones. Often, archaeological sites are 
covered by several meters of sediments, thereby protecting the remains 
even after an area has either been fully urbanized or has undergone 
landform alteration or evolution. 

 
 

 
 

 

Cultural Context 

2.
1.

5 Prehistoric Period by Archaeological Region 

North Coast 
The Sacramento River Basin includes a small section of the North Coast 
archaeological region, which includes Clear Lake and most of Napa 
County. Much of the prehistoric occupation of the Napa Valley was very 
similar to the cultural sequences of the lower Sacramento River Basin to 
the east (Heizer, 1953).  Later patterns that exemplified Sacramento River 
Basin sequences and Bay Area regions were represented in the Napa 
Valley, but demonstrated a lack of similarity to the earliest Sacramento 
River Basin material culture called the Windmiller Pattern (4,750 to 3,750 
before Christ (BC)).  The artifactual remains of the Windmiller sites 
reflected a people well adapted to riverine and marshland environments 
with common mortar fragments and fishing implements (Ragir, 1972).  
However, those who inhabited the Napa Valley contemporaneously with 
the Windmiller peoples, referred to as the Bale Phase, appears to have been 
influenced by artifactual patterns seen in the Bay Area, often called the 
Berkeley Pattern (Moratto, 1984). 

 
 

 
 

 
 

 
 

 

                                                          

Subsistence-settlement system through 4,000 years of prehistory existed on 
the coast and were occupied during the historic period by Pomoans (north) 
and the Coast Miwok (south) (Dowdall, 2002). The southern people 
apparently moved into the area from San Francisco Bay at about 500 BC. 

A few early sites were discovered in the upper Napa Valley, as well as near 
the drought-exposed shoreline of Lake Berryessa, approximately 15 miles 
north of the City of Napa, often called the Hultman Phase sites (dated at 
6,000 to 3,000 BC) (Fredrickson, 1961; True et al., 1979).  These sites 
contained crude and heavy core stone tools, milling stones, and manos, or 

 
15 Proto-historic is defined as the study of a culture just before the time of its earliest 

recorded history. 
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hand-sized grinding stones.  The previously mentioned Bale Phase showed 
a greater emphasis on mortar and pestle, as well as spear and dart points.  
Similarities to the Berkeley Pattern of the Bay Area continued to evolve 
and demonstrate increasing complexity, both technologically and socially.  
This sequence ultimately led to the Augustine Pattern, also very similar to 
assemblages found in the Bay Area, with increasing emphasis on 
ornamentation, such as Olivella and Haliotis beads and bone tool forms.  
The introduction of the Augustine Pattern is posited to be an indication of 
the first Wappo entry into the area (Moratto, 1984). 

Sacramento River Basin 
The Sacramento River Basin and northern Sierra foothills supported a 
number of groups, including the Patwin, Maidu, Nomlaki, and Wintun. 
Diverse food resources included acorns and salmon. Winter villages could 
contain as many as several hundred persons, and the form of sociopolitical 
organization was the tribelet (Basgall and Hildebrandt, 1989). A dietary 
emphasis on storable seeds and nuts was reflected in considerable labor 
investments in bedrock mortars and granaries, found in large villages along 
with family dwellings, sweathouses, and a communal ceremonial structure. 
Extensive trans-Sierran trade networks moved material, people, and ideas 
over large territories and among tribelets (Moratto, 1984). 

San Joaquin River Basin and Western Sierra Nevada 
The Central California Taxonomic System has influenced many scholarly 
developments in the Sacramento Delta and San Joaquin and Sacramento 
river basins. Significant essays on the Central California Taxonomic 
System by James Bennyhoff and David Fredrickson (written over the last 
30 years and revised into the 1990s) were recently published (Hughes, 
1994). Most current projects in Central California, including the San 
Joaquin River Basin and western Sierra Nevada foothills, draw extensively 
on the findings of the vast New Melones Archaeological Project (Moratto, 
2002; Moratto et al., 1988). 

Details of these efforts are summarized in Moratto (1984:189, 191–193, 
215, 573) and are briefly presented below. Intensive archaeological 
investigations within the northern San Joaquin River Basin were initiated 
during the 1960s (Olsen and Payen, 1968, 1969; Riddel and Olsen, 1969; 
Treganza, 1960). Artifacts recovered from four archaeological sites near 
the Delta are similar to materials associated with Phase 2 of the Late 
Horizon described by Bennyhoff and Heizer (1958), which has been dated 
to circa (ca.) Anno Domini (AD) 1500 (Wallace, 1978:463). Studies 
conducted along the eastern Diablo Mountain Range resulted in 
identification of a cultural sequence similar to, but distinct from, that 
identified for the Delta region. Excavations conducted for construction of 
several reservoirs, including Little Panoche Reservoir, revealed a series of 
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four cultural complexes focused on exploitation of the foothill valley biotic 
zone. This sequence indicates that prehistoric people occupied the valley 
for a period extending from ca. 3000 BC to AD 1850, with a 500-year 
hiatus between ca. AD 1000 and 1500. The earliest complex identified is 
the Positas Complex (ca. 3300 to 2600 BC), followed by the Pacheco 
Complex (ca. 2600 BC to AD 300), the Gonzaga Complex (ca. AD 300 to 
1000), and the Panoche Complex (ca. AD 1500 to 1850) (Olsen and Payen, 
1968). 

 
 

 

It is difficult to clearly determine the ancestry of these early peoples. 
However, artifact assemblages associated with occupation ca. 1000 BC to 
AD 500 suggest that the inhabitants were possibly the ancestors of the 
ethnographic Yokuts (Moratto, 1984). The latest occupation, the Panoche 
Creek Complex (AD 1500 to 1850), is associated with the time period in 
which the ethnographic Yokuts inhabited the region. 
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Delta 
The Delta Region has many parallels with the San Joaquin River Basin and 
San Francisco Bay regions. As mentioned above, a three-part cultural 
chronological sequence, the Central California Taxonomic System 
appeared to apply to the Delta Region as well in some respects. 

 
 

 

Inhabitants of the Delta Region also appeared to exhibit examples of the 
Windmiller Pattern in the early phases of the terminal-Paleo-Indian Period 
to Lower Archaic (~6000 BC to ~3000 BC)  (Beardsley, 1954; Heizer and 
Fenenga, 1939; Ragir, 1972).  This cultural horizon reflected a people well 
adapted to riverine and marshland environments.  Scholars have maintained 
that these Penutian speakers came from the Columbia Plateau or western 
Great Basin and settled in the bountiful Delta Region where they gave rise 
to many of the Bay Area cultures that survived up to historic times, such as 
the Costanoan, Miwok, Yokut, and Wintun (Fagan, 1995). 

 
 

 

The Windmiller economy was diffuse in breadth, a common trait among 
peoples during this time, whereby the people would make use of a wide 
range of resources to reduce risk in times of resource shortfall, such as 
those caused by climatic instability (e.g., ocean temperatures and drought 
cycles) along the Pacific coast during the course of human occupation of 
California (10,000 years BC).  The artifactual evidence of the Windmiller 
tradition suggests a wide range of specialized technology suited to the 
diffuse nature of their diet.  These artifacts included large projectile points 
(spear or dart tips), baked-clay net sinkers, bone fish hooks, and spears.  
Mortars and milling slabs are predominant during this time period, as well 
as charmstones, and abalone shell and olive snail ornaments and beads 
(Beardsley, 1948; Heizer, 1949; Heizer and Fenenga, 1939; Ragir, 1972). 
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The subsequent Berkeley Pattern or Cosumnes culture (~2,000 BC to AD 
300), comparable to the emerging Archaic Period in California prehistory 
(3000 BC to AD 1000), reflected a change in socioeconomic complexity 
and settlement patterns (Chartkoff and Chartkoff, 1984).  Out of the 
Cosumnes Tradition came the Hotchkiss Tradition (or “Late Horizon”) by 
the Emergent Period, or about 500 AD.  The peoples of the Hotchkiss 
Tradition were likely flourishing in the Stockton and Delta Region up to 
contact with Europeans.  The materials recovered related to the Hotchkiss 
Tradition – mortars and pestles, bone awls, bow and arrow – were in many 
ways similar to those identified at Buena Vista Lake – further indicating 
the trade relationships that were maintained between the Delta inhabitants 
and southern San Joaquin River Basin peoples. 

Modoc Plateau and Cascade Range 
Archaeologists use the Cascade Range to divide far Northern California 
into northeastern and northwestern areas. Mount Shasta and the Shasta 
Valley lie directly on this boundary.  Archaeological overviews of 
northeastern California have tended to focus on the Modoc Plateau east of 
Mount Shasta and, as a result, the eastern slope of the Cascades (otherwise 
known as the western portion of northeastern California) has received less 
attention. 

Archaeology in the western portion of northeastern California, from the 
northern margin of the Sacramento River Basin to the point where the 
Klamath River enters the state of Oregon, presents an even less well-
articulated body of fact gathering. In part, this owes to the marginality of 
the area and the complexity of its external relations; chronology-building, 
for instance has had to rely on sequences developed for the North Coast 
Ranges, Central California, Columbia Plateau, and northern Great Basin 
(Raven in Moratto, 1984). 

Archaeologist Luther Cressman established the first regional chronology 
for northeastern California in the years between the World Wars. Cressman 
identified several early archaeological sites later characterized as examples 
of the Western Pluvial Lakes Tradition, an archaeological assemblage 
12,000 to 8,000 years old found throughout California, identified by 
Stephen Bedwell in the 1970s (Moratto, 1984). The oldest archaeological 
site in the region is located at Tule Lake in northeastern Siskiyou County 
and dates to 11450 BC (McGuire, 2007). The archaeological constituents at 
the Tule Lake site are consistent with sites of the Western Pluvial Lakes 
Tradition. 

Archaeological sites from the Early and Middle Archaic periods are 
abundant on the Modoc Plateau and in the foothills near present day Shasta 
Lake. Beginning as early as 4500 BC, the Early Archaic in northeastern 
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California marks a transition toward an increasingly sedentary lifestyle. 
The trend toward sedentism continues through the Middle Archaic, 
beginning approximately 3700 years BC in northeastern California. 
Archaeological sites from this era contain numerous hearths, house 
structure remnants, midden deposits, and burials (McGuire, 2007). 

 
 

Late period occupation of the Sacramento and San Joaquin river basins is 
represented by CA-SIS-13. This site contained many of the artifact types 
normally found at late period sites in Northern California, with the notable 
addition of mano and metate groundstone artifacts more commonly found 
in early period sites from the region. The presence of such groundstone 
implements at CA-SIS-13 differentiates the site from the late period Shasta 
Complex sites south of Mount Shasta along the McCloud River (Raven in 
Moratto, 1984). 
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Historic Period   Prehistory ended, and historic cultural activities began in 
California, between the late 1500s and early 1900s.  These cultural 
activities provide a record of Spanish, Mexican, and American rule, 
occupation and land use.  An abbreviated history of this area is presented to 
provide a background of the presence, chronological significance, and 
historical relationship of cultural resources. 

 
 

During the Spanish Period (1769 to 1822), European political powers 
created renewed interest in California.  The Spanish government 
established a series of forts (presidios), missions, and towns along the Alta 
California coast.  Throughout the Spanish Period, California remained 
largely unsettled. During the Mexican Period (1822 to 1848), the Catholic 
missions were secularized, and the Indians were left to fend for themselves.  
Many governments ruled or vied for power over California during this 
time. California was formally annexed to the United States by the Treaty of 
Guadalupe Hidalgo, ending the Mexican War and beginning the American 
Period.  During the American Period (1848 to present), gold was 
discovered and droves of foreigners poured into California. San Francisco 
grew from a small settlement to a “boom” town, and roads, churches, 
schools, and other towns were built throughout California. A system of 
laws and a government were created, leading to the admission of California 
as a free state.  Although California’s involvement in the American Civil 
War was minimal; construction of the railroad may have been the most 
important immediate effect of the Civil War on California. Easy access to 
rail lines made citrus growing and other large-scale agricultural pursuits an 
important element in the State economy. 

 
 

 
 

 
 

 

Native American and Ethnographic Resources 
The Sacramento and San Joaquin river basins as a whole represent a vast 
area that once was the home to at least 25 distinct Native American groups 
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(see Figure 2-24). As with all California Indians, these groups subsisted by 
hunting and gathering, with coastal groups relying to a significant degree 
on marine food resources such as fish, shellfish, and marine mammals as 
well as terrestrial resources for shelter and sustenance, while interior 
groups relied primarily on terrestrial resources for subsistence.  These 
ethnographically defined groups, which are described below, were still 
occupying the project counties during the eighteenth and nineteenth 
centuries when European explorers and early ethnographers studied them.  
Included below are brief summaries and citations of ethnographies 
conducted on California native groups; this is not an exhaustive review of 
the current state of knowledge on Native California, nor does this narrative 
include all groups potentially affected by the CFVPP. Probably the two 
most comprehensive and oft-cited ethnographic works on California native 
groups are Alfred Kroeber’s Handbook of the Indians of California (1925), 
and the Handbook of North American Indians (Johnson, 1978). Another 
useful resource is Five Views: An Ethnic Historic Site Survey for 
California (California Department of Parks and Recreation, 1988), which 
emphasizes the range of ethnicities (not only Native Americans) that have 
shaped California history. 
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Figure 2-24.  Native American Tribal Areas Within the Sacramento 
and San Joaquin River Basins 
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The territorial boundaries defined by early ethnographers for Native 
American groups have, however, fluctuated through time and are often ill-
defined.  Moreover, many tribal boundaries overlapped.  The boundaries 
should not be considered fixed; they reflect general areas in which Native 
American groups resided.  Most groups migrated within these general 
boundaries throughout the year, as discussed below.  Consequently, the 
groups designated below to have inhabited the various county areas are 
those that appear to represent principal groups in those areas.  They may 
not, however, represent every group that lived in the area. 

The Coastanoan (Ohlone), a Penutian linguistic group, inhabited the San 
Francisco Bay area at the time of first European contact (ca. 1579).  In 
Contra Costa County, in addition to the Ohlone, the Northern Valley 
Yokuts and Eastern Miwok inhabited portions of the county.  Two Penutian 
derived groups the Nisinan (Southern Maidu) and the Eastern Miwok to the 
south, inhabited most of the Sacramento area before, and at the time, of 
first European contact.  The Nisenan, together with other adjacent Maidu 
groups, and the Eastern Miwok form subgroups of the California Penutian 
linguistic family (Wilson and Towne, 1978; Levy, 1978:398-413; Kroeber, 
1925:393).  In Fresno County, three other Penutian groups, the Northern 
Valley Yokuts, Southern Valley Yokuts, and Foothill Yokuts inhabited the 
northern Central Valley and the eastern Sierra Nevada foothill area of the 
county (Kroeber, 1925; Wallace, 1978: 448-470; Spier, 1978:471-484). 

By the time of first contact with Europeans, much of present day Napa 
Valley was occupied by the Wappo, but was bordered by the territory of 
the Patwin to the east, and the Coast Miwok to the southwest. Given the 
eastern Napa County location of the area, it was likely occupied by Patwin, 
who are also known as Southern Wintuan speakers. The Wintuan linguistic 
family was composed of three divisions: Northern Wintun, Central Wintun, 
and Southern Wintun. The Patwin, who lived in smaller groups, or tribelets, 
were divided among speakers of different dialects, including Kabalmem, 
Cache Creek, Cortina, Tebti, Colusa and Grimes, Knights Landing, and 
Suisun (Johnson, 1978). 

The Patwin occupied the southern portion of the Sacramento River Basin 
west of the Sacramento River almost to the Napa River. Their territory 
extended from the town of Princeton in the north to Suisun Bay and 
Benicia in the south. Subsistence was based on hunting and fishing, as well 
as gathering of acorns, buckeye, pine nuts, sunflower seeds, clover, wild 
oats juniper berries, manzanita berries, blackberries, wild grapes, Brodiaea 
bulbs, and tule roots (Johnson, 1978). 

The Patwin participated in the Kuksu cult, though they may have come into 
it later than many groups in California, as evidenced by variations that had 
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been created elsewhere (Bennyhoff, 1961). The cult included membership 
in secret societies, primarily for men, although higher status women were 
sometimes allowed to join. The ritualistic practices varied from village to 
village, but all included dances with spiritual beings. The Kuksu beliefs 
were supplanted or modified by the introduction of the Ghost Dance in the 
1870s (Johnson, 1978). 

 
 

 

North of the Sacramento River Basin are the Cascade Range and Modoc 
Plateau. Adaptations in this area consisted of tribelets centered around large 
lakes. The native peoples include the Shastans, northern Yana, Achomawi, 
and Atsugewi. The Shastans traded obsidian to the Yurok, Karuk, and 
Hupa for subsistence goods and shell beads (Raven, 1984). 

 
 

During the historic period beginning in the mid-1700s, the natives of the 
project regions largely suffered at the hands of the Spanish missionaries 
and settlers (Chartkoff and Chartkoff, 1984).  While no missions were 
established in the immediate Sacramento and Fresno areas, the local people 
were affected by missions built in San Francisco de Solano (present-day 
Sonoma), San Rafael, and San Jose.  As the populations of coastal Indians 
were depleted, the Spaniards turned inland for new sources of converts and 
labor. The introduction of diseases for which the natives did not have 
immunity, coupled with the rapid changes in cultural patterns forced upon 
them by the Spaniards, led to the death and displacement of thousands of 
native people.  This situation was true for the natives in all of California, 
both north and south, during the Spanish period.  Likewise, during the 
Mexican period (ca. 1821), following the Mexican Revolution, land use by 
Europeans intensified and the natives continued to lose land and power as 
the Hispanics spread across each of the areas.  This was the era of large 
cattle ranches and the consolidation of power by a relatively small number 
of Mexican families.  Following the Mexican American War in 1848, 
California became first a territory of the United States and then a State.  
The discovery of gold in the Sierra foothills in 1848 led to an immense 
influx of Americans and other gold seekers.  With as many as 10,000 men a 
month pouring into the territory, the Northern and Central California areas 
grew virtually overnight and became a major supply center for the nearby 
goldfields.  The native people, already weakened by seven decades of 
Hispanic rule, were pushed into the foothills, forced into involuntary labor, 
and denied any land rights. While the immediate effects of the Gold Rush 
were less pronounced in the Southern California area, eventually, with 
California statehood and conflicts between State and federal control, the 
native people were further marginalized in all areas of the State. 
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Traditional Cultural Properties 
In light of the diversity of Native American cultures, elements of the 
environment that are of traditional importance to Native Californians need 
also be considered when discussing cultural phenomena.  

"Traditional" in this context refers to those beliefs, customs, and practices 
of a living community of people that have been passed down through the 
generations, usually orally or through practice. The traditional cultural 
significance of a historic property, then, is significance derived from the 
role the property plays in a community's historically rooted beliefs, 
customs, and practices. Examples of properties possessing such 
significance include the following: 

• Location associated with the traditional beliefs of a Native American 
group about its origins, its cultural history, or the nature of the world 

• Rural community whose organization, buildings and structures, or 
patterns of land use reflect the cultural traditions valued by its long-
term residents 

• Urban neighborhood that is the traditional home of a particular cultural 
group, and that reflects its beliefs and practices 

• Location where Native American religious practitioners have 
historically gone, and are known or thought to go today, to perform 
ceremonial activities in accordance with traditional cultural rules of 
practice 

• Location where a community has traditionally carried out economic, 
artistic, or other cultural practices important in maintaining its historic 
identity 

A traditional cultural property, then, can be defined generally as one that is 
eligible for inclusion on the National Register because of its association 
with cultural practices or beliefs of a living community that (1) are rooted 
in that community's history, and (2) are important in maintaining the 
continuing cultural identity of the community (Parker and King, 1998). 

Therefore, traditional cultural properties, and the beliefs and institutions 
that give them significance, should be systematically addressed in 
programs of preservation planning and in the historic preservation 
components of land-use plans, such as the CVFPP. 
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Expected Resource Types 
To convey the diversity of potential resources that can be encountered, the 
following provides a brief list of site type categories expected based on the 
contexts discussed above. This list does not include the entire spectrum of 
possible resource types that can occur within a particular geographic area. 

 
 

Prehistoric archaeological sites in California are places where Native 
Americans lived or carried out activities during the prehistoric period, 
before AD 1769. Prehistoric sites contain artifacts and subsistence remains, 
and may contain human burials. Artifacts are objects made by people and 
include tools (projectile points, scrapers, and grinding implements, for 
example), waste products from making flaked stone tools (debitage), and 
nonutilitarian artifacts (beads, ornaments, ceremonial items, and rock art). 
Subsistence remains include the nonedible portions of foods, such as 
animal bone and shell, and edible parts that were lost and not consumed, 
such as charred seeds. 
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Historical archaeological sites in California are places where human 
activities were carried out during the historic period, dating between AD 
1769 and 50 years ago. Some of these sites may be the result of Native 
American activities during the historic period, but most are the result of 
Spanish, Mexican, or Anglo-American activities. Many historical 
archaeological sites are places where houses or other concentrated activity 
took place or formerly existed and contain deposits of ceramic, metal, and 
glass refuse resulting from the transport, preparation, and consumption of 
food. Such sites may also contain house foundations and other structural 
remnants, such as window pane glass, lumber, and nails. Historical 
archaeological sites may also include debris associated with nonresidential 
use such as ranching, farming, industry, and other activities. The lists 
below include, but are not limited to, the potential site types that would be 
likely encountered in the Sacramento and San Joaquin river basins. 

 
 

 
 

 
 

Archaeological Resources  
Prehistoric Period 
• Burials 

 

 • Isolates 
• Lithic scatters 
• Habitation sites 
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Historic Period 
• Trash scatters 
• Building foundations 
• Structural remains 
• Mining structures 

Multicomponent 
• Trash scatters with lithics 
• Historic habitation with prehistoric features/artifacts 

Historic Resources or Built Environment   Structures throughout the 
Sacramento and San Joaquin river basins from the historic period consist of 
houses, outbuildings, stores, offices, factories, barns, corrals, mines, dams, 
bridges, roads, canals, or other facilities that served residential, 
commercial, industrial, agricultural, transportation, or other use more than 
50 years ago. 

• Bridges 
• Canals, levees, water systems 
• Cemeteries 
• Commemorative plaques 
• Roads 
• Railroad segments, features 
• Railroad stations 
• Structures 
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2.1.6 Institutional  

Flood management in the Central Valley rests on a complex institutional 
landscape.  Laws and regulations exist at multiple levels (local, State, and 
federal), and are administered and/or enforced by numerous public 
agencies and organizations with varying jurisdictions and responsibilities.  
This section is organized into four parts describing pertinent laws and 
regulations, governance structures and responsibilities, funding, and 
coordination. 

 
 

 

Laws and Regulations 
This section describes local, regional, State, and federal laws and 
regulations governing flood management. 

 

Federal   This section describes federal authorization for planning, 
designing, and constructing flood management facilities, and federal laws 
related to floodplains and flood insurance.  Key federal legislation affecting 
the Central Valley is summarized in Table 2-20. 
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Regulatory oversight and permitting for flood management projects and 
maintenance is conducted by USACE (Clean Water Act Section 404 
permit) and USFWS. 

 
 

Beginning in 1974, flood control projects were included in WRDA as 
federal legislation designated to address problems associated with various 
aspects of water resources, in addition to flood control.  WRDA legislation 
passed that applies to flood control in the Sacramento and San Joaquin 
river basins includes the following: 

 
 

• Water Resources Development Act of 1986 – Federal legislation that 
directed the Secretary of the Army to issue guidelines for crediting 
against the nonfederal share of project costs for flood control any 
compatible work carried out by local interests.  WRDA of 1986 
prohibited the federal government from initiating any feasibility study 
for a water resources project until nonfederal interests agree to cover 50 
percent of the costs during the period of study, but exempted from such 
prohibition any study designed for purposes of navigational 
improvements.  It also prohibited the federal government from 
initiating any planning or engineering authorized by the act until 
nonfederal interests agree to contribute 50 percent of the costs during 
the period of planning and engineering.  Nonfederal interests were 
required to cover at least 25 percent of flood control project 
construction costs, and 100 percent of maintenance costs. 
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• Water Resources Development Act of 1990 – Federal legislation that 
amended WRDA of 1986 to treat the cost of planning and engineering 
project components as construction of projects for which nonfederal 
interests contributed 50 percent or more of the cost of the feasibility 
study. 

• Water Resources Development Act of 1996 – In 1996, federal 
legislation that amended the WRDA of 1986 to require nonfederal 
interests to cover at least 35 percent of flood control project 
construction costs. 

• Water Resources Development Act of 1999 – Federal legislation that 
amended the Flood Control Act of 1936 to authorize funds contributed 
by states and other political subdivisions for environmental restoration 
(not just flood control) work. 

• Water Resources Development Act of 2000 – Federal legislation that 
continued project authorization for flood control along the Sacramento 
River.  The act authorized federal participation in planning and 
management associated with the CALFED, an ecosystem restoration 
program for the Sacramento and San Joaquin river basins and Delta. 

• Water Resources Development Act of 2007 – Federal legislation that 
allowed federal funds to be contributed toward the nonfederal cost-
share for planning and design work on the Sacramento Deep Water 
Ship Channel.  The act authorized planning, design, and construction of 
an auxiliary spillway on Folsom Dam. The act also authorized design 
and construction of the Middle Creek Flood Damage Reduction and 
Ecosystem Restoration Project. In addition, the act authorized a 
feasibility study for the beneficial use of dredged material from San 
Francisco Bay in the Delta, including benefits and impacts on salinity 
in the Delta and benefits to navigation, flood damage reduction, 
ecosystem restoration, water quality, salinity control, water supply 
reliability, and recreation. 

State   Flood management laws and regulations at the State level are 
established in various sections of the CWC, PRC, and CGC.  Key State 
legislation affecting the Central Valley is summarized in Table 2-21. 

Regulatory oversight for flood management construction projects and 
maintenance is provided by various state agencies, including DFG (Lake 
and Streambed Alteration Program, DFG Code Section 1602) and SWRCB 
(Clean Water Act Section 401 permit). 
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Table 2-20.  Flood-Related Legislation Summary 
Legislation Year Effect on SPFC 

Arkansas Act 1850 Allows agriculture and development on overflow 
and swamp lands 

Rivers and Harbors Act 1880 Directs USACE to oversee hydraulic mining debris 
removal in streams 

Reclamation Act 1902 
Creates the Reclamation Service, which later 
becomes U.S. Department of Interior, Bureau of 
Reclamation 

Flood Control Act 1917 Authorizes Sacramento River Flood Control Project 

Flood Control Act 1928 Amends and continues authorization for 
Sacramento River Flood Control Project 

Central Valley Project 
Act 1933 Authorizes the CVP 

Fish and Wildlife 
Coordination Act 1934 

Requires federal agencies to consult with USFWS 
and DFG before undertaking projects that control or 
modify surface water 

Flood Control Act 1936 
Declares flooding a matter of national welfare; 
authorizes levee improvements where benefits 
exceed costs 

Flood Control Act 1941 Amends and continues authorization for 
Sacramento River Flood Control Project 

Flood Control Act 1944 

Formally assigns flood control and navigation duties 
to USACE; authorizes Sacramento River Major and 
Minor Tributaries Project and Lower San Joaquin 
River and Tributaries Project 

American River Act 1949 

Authorizes construction of American River Division 
of CVP, converting Folsom Dam from a single-
purpose flood management reservoir into a larger, 
multipurpose reservoir 

American River Basin 
Development Act 1949 Modifies authorization in American River Act 

Flood Control Act 1950 Continues authorization for the Sacramento River 
Major and Minor Tributaries Project 

Flood Control Act  1954 Authorizes north bank American River levee 

Emergency Flood 
Control Funds Act 
(Public Law 84-99) 

1955 

Authorizes flood control facilities on the San 
Joaquin River above the Merced River and repairs 
to levees throughout the Central Valley that had 
been damaged in the 1955 flood.  Under this 
authority, USACE assists in flood fights during an 
emergency, and repairs damages to qualified flood 
management facilities after the emergency ends. 

Flood Control Act 1958 Authorizes the Chico Landing to Red Bluff Bank 
Protection Project on the Sacramento River 
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Table 2-20.  Flood-Related Legislation Summary (Contd.) 

Legislation Year Effect on SPFC 

Flood Control Act 1960 Authorizes the Sacramento River Bank Protection 
Project  

Flood Control Act 1962 Authorizes responsibilities for O&M below Goodwin 
Dam on the Stanislaus River 

Master Plan for Flood 
Control in Butte Basin 1964 Action taken at the Reclamation Board meeting of 

June 4, 1964 

National Historic 
Preservation Act 1966 

Requires federal agencies to take into account the 
effects of federal undertakings on historical and 
archaeological resources 

Wild and Scenic River 
Act  1968 

Preserves and protects wild and scenic rivers and 
immediate environments for the benefit of present 
and future generations 

National Environmental 
Policy Act  1969 

Requires federal agencies to integrate 
environmental values into decision-making process 
and consider alternatives 

Endangered Species 
Act 1973 

Provides for conservation and protection of 
threatened and endangered species and their 
habitat 

Clean Water Act 1976 Controls placing of fill in waters of the United States 

Farmland Protection 
Policy Act  1981 Requires a federal agency to consider the effects of 

its action and programs on the nation's farmlands 

Water Resources 
Development Act  1986 

Directs the Secretary of the Army to issue 
guidelines for crediting against the nonfederal share 
of project costs for flood control any compatible 
work carried out by local interests 

Water Resources 
Development Act  1990 

Amends WRDA of 1986; treats the cost of planning 
and engineering project components as 
construction of projects for which nonfederal 
interests contributed 50 percent or more of the cost 
of the feasibility study; environmental protection 
added as a primary USACE mission 

Water Resources 
Development Act  1996 

Amends WRDA of 1986; requires nonfederal 
interests to cover at least 35 percent of flood control 
project construction costs  

Water Resources 
Development Act  1999 

Amends the Flood Control Act of 1936; authorizes 
funds contributed by states and other political 
subdivisions for environmental restoration (not just 
flood control) work  

Water Resources 
Development Act  2000 

Continues project authorization for flood control 
along the Sacramento River, specifically the 
CALFED Bay-Delta Program 
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Table 2-20.  Flood-Related Legislation Summary (Contd.) 

Legislation Year Effect on SPFC 

Water Resources 
Development Act  2007 

Allows federal funds to be contributed for planning 
and design work on the Sacramento Deep Water 
Ship Channel, auxiliary spillway at Folsom Dam, the 
beneficial use of dredged material from San 
Francisco Bay in the Delta, and the Hamilton City 
setback levee project 

Key:  
CVP = Central Valley Project 
Delta = Sacramento-San Joaquin Delta 
DFG = California Department of Fish and Game 
O&M = operations and maintenance 
SPFC = State Plan of Flood Control 
USACE = U.S. Army Corps of Engineers 
USFWS = U.S. Fish and Wildlife Service 
WRDA = Water Resources Development Act 
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Table 2-21.  State Flood-Related Legislation Summary 
Legislation Year Effect on SPFC 

Reclamation District Act 1855 Allows for sale of overflow and swamp lands 

Green Act 1878 Enables county boards to authorize Reclamation 
Districts with no limit on purchase acreage 

Drainage Act 1880 Allows state to control all drainage ways in California 

Caminetti Act 1893 Creates California Debris Commission 

SB 1324 1955 

Provides that the “Board, with the approval of the 
Department of Finance, may execute in connection with 
any flood control project a substitute plan which 
includes provision for the state to construct works of the 
project when in lieu of acquiring all or any portion of the 
lands, easements, or rights-of-way in connection 
therewith, a saving to the State will result” 

Burns-Porter Act 1960 Authorizes construction of the SWP 

California Environmental 
Quality Act 1969 

Requires State agencies to integrate environmental 
concerns into decision-making process and mitigate for 
these effects 

California Wild and 
Scenic Rivers Act 1972 

Preserves and protects wild and scenic rivers and 
immediate environments for the benefit of present and 
future generations 

California Endangered 
Species Act 1984 Parallels provisions of the federal ESA; administered by 

DFG 

Delta Protection Act 1992 
Improves flood protection by structural and 
nonstructural means for an increased level of public 
health and safety 

Fish and Game Code, 
Sections 1601 and 1603 

Rev. 
1998 

Requires that any (State) governmental entity or private 
party altering a river, stream, lakebed, bottom, or 
channel enter into an agreement with DFG 

Propositions 1E and 84 2006 Provides nearly $5 billion in funding for flood 
management projects in the Central Valley 

SB 5 Flood 
Management 2007 

Requires DWR to prepare the Central Valley Flood 
Protection Plan for the Sacramento and San Joaquin 
river basins.  Requires local governments to revise 
general plans to address flood risks, collaborate with 
local flood agencies to identify parcels that may be 
protected by a flood protection plan or other flood 
management facilities, develop funding mechanisms to 
finance local flood responsibilities, and provide public 
notice of specific areas that may be protected by a 
flood control facility or that are located in a flood hazard 
area.  This bill was contingent on enactment of AB 162 
and SB 17.   

 

2-212 March 2010 



 2.0 Planning Area Description 

Table 2-21.  State Flood-Related Legislation Summary (Contd.) 
Legislation Year Effect on SPFC 

SB 17 Flood Protection 2007 

Changes various provisions of law regarding The 
Reclamation Board and its operations, renaming it the 
Central Valley Flood Protection Board (Board), 
increasing Board’s membership and placing new 
requirements on Board regarding its prescribed duties 

AB 5 Flood Protection: 
Local Plans 2007 

Makes changes to provisions of law being added to or 
amended by SB 5 relating to flood protection, SB 17 
relating to Board and AB 156 relating to flood control 

AB 70 Flood Liability 2007 

Provides that after January 1, 2008, a city or county 
may be responsible for its reasonable share of property 
damage caused by a flood, if that the city or county has 
increased the State’s exposure to liability for property 
damage by approving new development 

AB 156 Flood Control 2007 

Makes changes to DWR’s flood management activities, 
including mapping of areas at risk of flooding, 
preparation of a flood control system status report on 
the SPFC, notification of property owners at risk of 
flooding, environmental enhancement activities, and 
maintenance area formation 

AB 162 Land Use: 
Water Supply 2007 

Requires that a city or county’s general plan identify 
areas subject to flooding; that the conservation element 
of general plans identify rivers, flood corridors, and 
other land that may accommodate floodwater; and 
would require cities and counties to establish policies to 
minimize flood risk for new development 

Key:  
AB = Assembly Bill 
Board = Central Valley Flood Protection Board 
DFG = California Department of Fish and Game 
DWR = California Department of Water Resources 
ESA = Endangered Species Act 
SB = Senate Bill 
SPFC = State Plan of Flood Control 
SWP = State Water Project 
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Local and Regional   This section describes the types of local/regional 
laws and regulations that affect flood management in the Central Valley.  
Evaluating the level of compliance with locally adopted plans can be 
complicated because of the following: (1) intentionally broad and 
unspecific goals articulated in local general plans, (2) potential of a federal 
or State project to influence the location, density, and rate of development 
in ways that differ from existing local plans and policies, and (3) currency 
of local plans. 

 
 

 

Regulatory oversight and permitting for flood management projects and 
maintenance also occurs at the local and regional level (e.g., grading and 
encroachment permits) and varies by jurisdiction. 
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Governance Structures and Responsibilities 
O&M responsibilities for California’s flood management systems are 
shared among multiple federal, State, and local entities.  This section 
describes agencies and governance structures with responsibilities or 
directives related to flood management. 

Federal 

U.S. Army Corps of Engineers 
USACE has nationwide responsibility for flood management. In California, 
flood management on the Sacramento River Basin, the San Joaquin River 
Basin, and other rivers is a combination of USACE, Reclamation, State, 
and private projects, all operated under USACE Water Control Plans.  
Traditionally, Congress authorizes and appropriates funds for specific 
USACE flood protection projects using a WRDA (an authorizing law that 
passes every 2 to 5 years), and appropriates funds through an “Energy and 
Water Development Act” (annually).  Any substantial change to those 
projects requires an updated or new Congressional authorization. 

USACE roles and responsibilities are described below: 

• Regulatory – USACE has permitting authority over activities affecting 
waters of the United States.  Waters of the United States include surface 
waters such as navigable waters and their tributaries, all interstate 
waters and their tributaries, natural lakes, all wetlands adjacent to other 
waters, and all impoundments of these waters. Two federal statutes 
mandate USACE jurisdiction over navigable waterways and adjacent 
wetlands: Section 10 of the Rivers and Harbors Act of 1899, and 
Section 404 of the Clean Water Act. Section 10 of the Rivers and 
Harbors Act applies to all navigable waters of the United States, and 
Section 404 of the Clean Water Act applies to all waters, including 
wetlands that have sufficient nexus to interstate commerce (USACE, 
2009).  The term “sufficient nexus” means an impact to water that is 
currently used, or was used in the past, or maybe susceptible to use in 
interstate or foreign commerce, including all water subject to the ebb 
and flow of the tide. 

• Water Management – USACE monitors the status of all projects for 
which it has issued a Water Control Plan to regulate seasonally reserved 
flood storage purchased by USACE. 

• Public Law 84-99 Authority – USACE has emergency authority under 
Public Law 84-99, enacted in June 1955, to fight any flood to protect 
life and property and to rehabilitate federal flood management facilities 
that are maintained by State and local entities.  Under this authority, 
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USACE assists in flood fights during an emergency, and repairs 
damages to qualified flood management facilities after the emergency 
ends. Emergency response under Public Law 84-99 is extended at the 
request of the Governor, who must determine and certify that local 
forces cannot meet the emergency physically or financially, and that 
State assistance is not available. USACE response can include 
providing technical assistance, supplying materials otherwise 
unobtainable, or actual flood fighting using heavy construction 
equipment. After the Central Valley’s 1997 flood, USACE Sacramento 
District categorized levee rehabilitation into three phases (I, II, and III) 
to distinguish between various levels of repair. 

 
 

 
 

 

• Section 408 Authority – USACE has approval authority over 
modifications to federally authorized flood control facilities.  Before 
modifying any component of the federal flood control system, the local 
sponsor (namely, the Board) must seek authorization and Section 408 
approval from the USACE Chief Engineer in Washington, D.C. 
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• Section 104 Credits – If local sponsors, such as Board and/or local 
flood control entities, desire to obtain federal cost-sharing credit(s) for 
modifications and/or additions to federally authorized flood control 
system, they must secure Section 104 credit approval from USACE. 
USACE has approval authority over modifications to federally 
authorized flood control facilities. 

 
 

 

- Emergency Flood fight (Phase I) – Emergency flood fight 
assistance can be extended when USACE determines that there is 
an immediate danger to life or property. Assistance may be 
extended as long as there is immediate danger, but must end when 
the situation stabilizes, even if facilities remain in disrepair. Local 
agencies are responsible for providing real estate access and 
cleaning up debris afterwards. 

 
 

 

- Initial Recovery (Phase II) – In Phase II, repairs may include 
closing breached levees or repairing damaged facilities to provide 
an interim level of flood protection for the remainder of a storm 
season.  

 

 

- Final Restoration (Phase III) – Phase III repairs are performed after 
the storm season and would restore damaged facilities to preflood 
levels of protection. 

Federal Emergency Management Agency 
FEMA, part of the U.S. Department of Homeland Security, is responsible 
for coordinating the federal response to floods, earthquakes, hurricanes, 
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and other natural or man-made disasters and providing disaster assistance 
to states, communities and individuals.  Floodplain management at the 
national level is administered through FEMA’s NFIP. The NFIP has three 
major components:  flood insurance, floodplain mapping, and floodplain 
management. 

• Flood Insurance – The NFIP enables property owners in participating 
communities to purchase insurance as a protection against flood losses 
in exchange for state and community floodplain management 
regulations that reduce future flood damages.  Community participation 
is voluntary.  Federal agencies and federally insured or regulated 
lenders require flood insurance on all grants and loans for acquisition or 
construction of buildings in designated Special Flood Hazard Areas 
(SFHA) in communities that participate in the NFIP. This requirement 
is referred to as the Mandatory Flood Insurance Purchase Requirement. 
SFHAs are land within the floodplain of a community subject to a 1-
percent or greater chance of flooding in any given year, commonly 
referred to as a 100-year flood. The NFIP has also established building 
standards to reduce damages when floods occur. 

• Floodplain Mapping – Mapping of floodplains and floodways is an 
important reference used by both the flood insurance and floodplain 
management arms of the NFIP.  Communities have a FEMA map that, 
at the least, delineates the boundary of the 1-percent-annual-chance 
flood (also referred to as the 100-year or base flood). Where detailed 
studies have been completed, these maps also identify water surface 
elevations of the base flood.  FEMA recognizes only a levee system or 
floodwall system that meets, and continues to meet, minimum design 
standards that provide protection from the 1-percent-annual-chance 
flood. Specifically, the criteria established in 44 Code of Federal 
Regulations (CFR) Section 65.10 must be satisfied before a levee may 
be credited and mapped as providing protection from a base flood 
event. 

• Floodplain Management – FEMA works closely with states and 
communities and provides financial and technical assistance, flood 
hazard maps, and other data to better manage floodplains.  FEMA has 
no direct involvement in administering of local floodplain management 
ordinances. Since the federal government does not have land use 
authority, the NFIP is based on the federal government’s power to 
spend under the Constitution rather than any federal authority to 
regulate land use. Under the NFIP, participating communities must 
adopt and enforce a floodplain management ordinance that meets or 
exceeds minimum NFIP requirements established under 44 CFR 
Section 59.24(a) and (d). 
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Natural Resources Conservation Service 
The Natural Resources Conservation Service (NRCS) of the U.S. 
Department of Agriculture (USDA) provides technical and financial 
assistance to communities for restoring watersheds impaired by natural 
disasters. Through the Emergency Watershed Protection program, NRCS 
helps safeguard people and property after natural disasters, such as floods, 
fires, windstorms, earthquakes, and drought.  NRCS helps repair 
overtopped levees, dikes, and other flood-retarding structures. To prevent 
future flooding, NRCS provides assistance to help clear watercourses 
clogged by sediment and debris. The 1996 Farm Bill gave USDA the 
authority to purchase floodplain easements as an emergency measure when 
the long-term economic, social, and environmental benefits of purchasing 
the easement are greater than repeated repairs to the same land. Where 
willing sellers are available, land retirement provides a more permanent 
solution from damages associated with flooding or products of erosion, 
giving a landowner fair value for the land and providing an opportunity to 
enhance the environmental functions of the riparian corridor. In many 
cases, agricultural production is still possible on an easement, leaving 
residual value such as the ability to plant crops when the land is not 
flooded. 
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National Weather Service  

The National Weather Service (NWS), part of the National Oceanic and 
Atmospheric Administration (NOAA), provides weather, hydrologic, and 
climate forecasts and warnings for the protection of life and property and 
the enhancement of the national economy. NWS data and products form a 
national information database and infrastructure that can be used by 
governmental agencies and the public.  With respect to flood management, 
NWS operates NWS Forecast Offices and River Forecast Centers (RFC) 
across the nation to forecast high water events and assist in the operation of 
flood management systems.  In California, NWS operates six forecast 
offices, including the California Nevada RFC in Sacramento.  California 
Nevada RFC network consists of more than 1,200 rain gages, 600 air 
temperature sensors, 500 river gages, and 120 gages that measure reservoir 
elevation.  The California Nevada RFC provides quantitative precipitation 
forecasts and uses the NWS River Forecasting System, a collection of 
hydrologic models and data, to simulate and project river flows and stages 
in its area of responsibility. NWS works with USACE, DWR, Reclamation, 
and local flood operators to support real-time flood operations (NWS, 
2009). 

 
 

 
 

 

 

Other Federal Agencies 
Reclamation operates several multipurpose projects throughout the Central 
Valley. These multipurpose reservoirs include flood protection space, 
which Reclamation operates under USACE direction.  Reclamation’s flood 
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hydrologists also assist in interpreting flood-related data, and Reclamation 
participates in joint studies for reservoir operation and optimization. 

USGS, in cooperation with DWR, has responsibility to collect surface 
water data; this information forms the essential database used to develop 
flood hydrology, which in turn is used to define floodplains shown on 
Flood Insurance Rate Maps.  

The National Park Service, along with NRCS, is active in watershed 
planning approaches that include flood management. 

State   State agencies with direct responsibilities related to flood 
management in the Central Valley are described below. 

Central Valley Flood Protection Board 
The Board (formerly known as The Reclamation Board) was established by 
the Legislature in 1911, originally as The Reclamation Board, to oversee 
the construction of flood protection levees and help Californians reclaim 
lands of the Central Valley, primarily for agriculture.  The Board's mission 
is to oversee flood control along the Sacramento and San Joaquin rivers 
and their tributaries in cooperation with USACE. The Board works with 
various agencies of the federal, State, and local governments in 
establishing, planning, constructing, and O&M for flood control works. In 
addition, the Board raises public awareness of flood management issues, 
and establishes policy for input and oversight on capital outlay, and 
operational and maintenance area budgets. The Board helps maintain the 
integrity of the existing flood control system and designated floodways 
through its regulatory authority by issuing permits for encroachments. 

The Board has the legal responsibility for oversight of the entire Central 
Valley flood management system. Its jurisdiction extends through 14 
counties, and comprises 1.7 million acres in the most flood-prone portions 
of the Sacramento and San Joaquin rivers.  The Board has authority within 
its jurisdiction to do the following: 

• Cooperate with USACE in building and operating SPFC facilities 

• Provide, without cost to the United States, all lands, easements, and 
rights-of-way necessary for construction of a project under the adopted 
plan of flood control 

• Hold and save the United States free from damage due to construction 
works 
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• Provide O&M for all works after completion in accordance with 
regulations prescribed by the Secretary of Defense  

• Approve or deny plans for reclamation of flood control, drainage, 
improvement, dredging, or work that includes or contemplates the 
construction, enlargement, revetment, or alteration of any levee, 
embankment, canal, or other excavation in the bed of or along or near 
the banks of the Sacramento or San Joaquin rivers or any of their 
tributaries (involving excavation near rivers) 

 
 

 

• Provide oversight of flood management facility O&M 

 

• Designate and administer floodways throughout the Sacramento River 
and San Joaquin river basins 

 

• Acquire property necessary for flood management 
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• Construct, clear, and maintain bypasses, levees, canals, sumps, 
overflow channels and basins, reservoirs, and other flood control works 

 

• Construct, maintain, and operate ditches, canals, pumping plants, and 
other drainage works  

• Collaborate with State and federal agencies, if appropriate, regarding 
multiobjective flood management strategies that incorporate 
agricultural conservation, ecosystem protection and restoration, or 
recreational components 

 
 

• May maintain actions in the name of people of the State to restrain, or 
to recover damages for, any act that may be injurious to any of the 
works necessary to the plan of flood control, or that may interfere with 
successful execution of the plan 

 
 

• Establish a standard for levee construction 

• Maintain any actions in the name of the people of the State to restrain 
the diversion of the water of any stream that will increase the flow of 
water in the Sacramento or San Joaquin rivers or their tributaries 

 

 

• Rent, lease for oil, gas, or other hydrocarbons, or dispose by sale, 
exchange, or in payment for work done or services rendered, of any 
land, property, material, equipment, or any other thing in the possession 
of a drainage district, which, in the opinion of the Board, is no longer 
needed for the purposes of flood control works or other necessary or 
convenient purposes 
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• Regulate encroachments on the flood management system 

• Cooperate, as authorized, with other State agencies, cities, counties, and 
districts within the Sacramento and San Joaquin rivers and their 
tributaries, and furnish money, services, equipment, and property 

• Establish and enforce standards for O&M of flood management works 
along the Sacramento River, the San Joaquin River, their tributaries, 
and related areas 

• Hear and adjudicate complaints on flood control matters 

• Establish and enforce standards for the O&M of flood management 
works along the Sacramento River, the San Joaquin River, their 
tributaries, and related areas 

The Board has regulatory authority over projects carried out along or near 
the Sacramento and San Joaquin rivers and their tributaries, as listed in 
Table 8.1 in Title 23 of the CCR.  A Board permit is required for any 
project or plan that meets one or more of the following criteria: 

• Is within federal flood control project levees and within a Board 
easement 

• May have an effect on the flood control functions of project levees 

• Is within a Board-designated floodway 

• Is within regulated Central Valley streams listed in Table 8.1 of Title 23 
of the CCR 

Activities or projects that may require a Board permit include boat docks, 
ramps, bridges, sand and gravel mining, placement of fill, fences, 
landscaping, utility crossings, and irrigation facilities. 

Under Section 8609 of the CWC, the Board has the authority to designate 
floodways in the Central Valley. “Designated Floodway” refers to a 
channel of a stream and that portion of the adjoining floodplain reasonably 
required for passing a design flood; it is also the floodway between existing 
levees, as adopted by the Board or the Legislature.  The Board administers 
the Designated Floodway Program, a nonstructural flood management 
approach intended to promote the safe passage of flood flows through 
flood-prone areas. 
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Board has provided assurances to USACE for O&M of various flood 
control projects in the Central Valley.  In turn, the Board assigns O&M 
responsibilities for these facilities to various local districts, including RDs, 
LDs, and others (Board, 2009a). 

 
 

Other Board roles and responsibilities include the following: 

 

• The Board participates with USACE under Public Law 84-99 to restore 
or repair flood-damaged facilities after a flood.  Under this program, the 
Board provides all lands, easements, rights-of-way, and relocations for 
USACE projects. 

 
 

• The Board disburses funds for maintenance and rehabilitation of Delta 
levees maintained by local agencies under the Delta Levees Subvention 
Program.  

• The Board is responsible for holding public hearings and adopting the 
CVFPP by July 2012.  The 200-year flood maps will be developed by 
DWR according to requirements of the CVFPP. 
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• The Board is responsible for reviewing and commenting on local flood 
emergency management plans and updates to general plans for 
consistency with the CVFPP.  The Board is authorized to address the 
uses of land in areas subject to unreasonable flood risks, and 
recommend strategies for reducing those flood risks. 

 
 

Department of Water Resources 
DWR is the primary State agency responsible for flood management 
planning, construction, operation, and maintenance.  DWR works with the 
Board and provides staff and technical services to carry out many Board 
responsibilities. DWR operates the SWP (which includes multipurpose 
reservoirs); assists NWS in flood forecasting; and is responsible for 
regulating dams, providing flood protection, and assisting in emergency 
management.  DWR also engages in planning activities related to flood 
management and flood risk reduction, watershed management, and 
integrated regional water management. 

 
 

 
 

 California State law authorizes DWR to either act independently or to 
cooperate with federal agencies or others in collecting data for river 
forecasting, making forecasts of streamflow, providing for flood warning, 
and providing communications for collection and dissemination of such 
information.  To support its forecasting function, DWR collects year-round 
hydrologic data through a network of State weather sensors and surveys, 
providing information dissemination through the California Data Exchange 
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Center (CDEC). CDEC provides flood forecasts for all major tributaries 
influencing the Central Valley. 

DWR has the responsibility for structural integrity and hydraulic capacity 
of existing flood protection facilities in the Central Valley, in cooperation 
with local maintaining agencies and in coordination with the Board, which 
shares some responsibilities with DWR in the Central Valley. DWR 
inspects and evaluates maintenance of all State-federal portions of the flood 
management system in the Central Valley. 

DWR also has the responsibility for hydraulic capacity, and has 
supervisorial powers over the O&M of the SRFCP, in cooperation with 
local maintaining agencies and in coordination with the Board.  The Board 
has supervisory powers over maintenance of the flood management 
facilities on the San Joaquin River Basin, in cooperation with local 
maintaining agencies. Most project levees are maintained by local 
agencies; however, DWR performs levee maintenance where levees 
provide broad system benefits and local interests are unable to perform 
satisfactory maintenance. DWR also maintains some of the Sacramento 
River system channels, while local agencies maintain the San Joaquin 
River system channels.  When local maintaining agencies are unable to 
operate or maintain project levees to acceptable standards, DWR is 
authorized to form maintenance areas and take responsibility for the levees 
when in the best interest of the State (CWC Section 12878.21). 

The CWC entrusts the regulatory Dam Safety Program to DWR. DWR is 
responsible for reviewing and approving applications, plans, and 
specifications for dam construction or alteration. DWR conducts 
inspections of dams, reviews performance of existing dams, and identifies 
illegal dams for removal or supervises remedial work to bring such dams 
into compliance.  

The principal goal of emergency management assistance is to fulfill the 
emergency response functions of DWR established in the California State 
Emergency Plan and the CWC, including provision of technical and 
physical assistance to FEMA, the California Emergency Management 
Agency (CalEMA), and other agencies that make State and federal 
resources available to local communities. DWR inspects State jurisdictional 
dams, SWP facilities, Delta levees, and federal project levees for damage 
due to natural disasters. DWR continues essential services and directs all 
other resources, as necessary and appropriate, to accomplish specific 
objectives in the State Emergency Plan. DWR investigates and reports 
disaster conditions, provides technical assistance for damage assessment, 
and helps to develop hazard mitigation plans. 
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CWC Section 128(a) authorizes DWR in times of storms or floods to take 
any remedial measures necessary to avert, alleviate, repair, or restore 
damage or destruction to property having a general public or State interest.  
This includes active flood fighting and flood fight assistance and advice to 
local maintaining agencies. 

 
 

DWR provides assistance to community officials in preparing floodplain 
management plans and evaluating impacts of proposed development in 
flood-prone areas. DWR discourages unwise development in areas subject 
to flooding and promotes flood proofing of existing and proposed 
structures in floodplains where development is already under way. 

 
 

 

Beginning in 2010, DWR is responsible for sending annual notices to 
owners of property that is either completely or partially within levee flood 
protection zones.  These notices are intended to educate property owners 
about potential flood risks and available resources, such as flood insurance. 
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Beginning in 2012, and every 5 years thereafter, DWR is responsible for 
preparing and updating the CVFPP, in cooperation with the Board, 
USACE, and local agencies.  

California Emergency Management Agency 
The mission of CalEMA is to ensure that the State is ready and able to 
mitigate against, prepare for, respond to, and recover from the effects of 
emergencies that threaten lives, property, and the environment. CalEMA 
may allocate funds for investigation, estimates, reports, and repairs 
regarding disaster recovery, and financial assistance for flood management 
works that do not come under the provisions of another authority. 

 
 

 

CalEMA maintains the State Emergency Plan, which outlines the 
organizational structure for State management of the response to natural 
and man-made disasters. CalEMA also assists local governments and other 
State agencies in developing their own emergency preparedness and 
response plans, in accordance with the Standardized Emergency 
Management System and State Emergency Plan, for floods, earthquakes, 
fires, and other disasters. CalEMA coordinates the disaster response efforts 
of State and local agencies, and coordinates the integration of federal 
resources into State and local response and recovery operations, consistent 
with the Standardized Emergency Management System (SEMS). 

 
 

 

 

CalEMA led the effort to complete the 2007 Enhanced State of California 
Multi-Hazard Mitigation Plan (SHMP), which includes a flood component. 
The SHMP is the official statement of the State's hazard identification, 
vulnerability analysis, and hazard mitigation strategy. The SHMP is the 
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result of a collaborative multiagency planning process, which involved 
DWR, and public participation. 

CalEMA also coordinates FEMA’s Repetitive Flood Loss Program within 
the NFIP, Flood Mitigation Assistance Program, Pre-Disaster Mitigation 
Grant Program, and Hazard Mitigation Grant Program. DWR’s Alluvial 
Fan Task Force is funded 75 percent via a Pre-Disaster Mitigation Grant 
through CalEMA (CalEMA, 2009a). 

Other State Agencies 
DFG works with DWR in managing environmental resources associated 
with planning, construction, operation, and inspection of flood management 
facilities in the State. 

Joint State-Federal 

State-Federal Flood Operations Center 
The joint State-Federal Flood Operations Center (FOC), co-located with 
the NWS RFC in Sacramento, is the focal point for the gathering, analysis, 
and dissemination of flood- and water-related information. During 
emergency situations, the FOC provides a facility from which DWR can 
centrally coordinate emergency response statewide with multiple agencies.  
USACE, NWS, Reclamation, and DWR work together during flood season 
to share information and coordinate their jurisdictional activities.   

The FOC provides forecasts and warnings of severe weather events that 
may endanger human life and property, and coordinates flood management 
operations and flood response. Gage information, forecasts, and warnings 
are generated by NWS and DWR and disseminated through the CDEC 
computer system, managed by DWR, and NWS information systems. The 
FOC also sends flood warnings to local agencies once predetermined river 
stages are forecast, and coordinates flood fighting and recovery efforts.  
The FOC operates according to the CalEMA SEMS, which provides for the 
mobilization, deployment, use, communication, tracking, and 
demobilization of mutual aid resources in an emergency.  North coast flood 
coordination is conducted through the Eureka Flood Center. 

Local and Regional   This section describes pertinent local and regional 
agencies, special districts, joint power authorities, and other entities in the 
Central Valley with responsibility for flood management.  It also describes, 
in general terms, the roles and responsibilities of cities and counties in 
flood management.  Lastly, it notes regional organizations and associations 
that advocate for flood management, or collectively coordinate on common 
flood management issues. 
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The nonfederal sponsor for the two major flood management projects in the 
Sacramento and San Joaquin river basins is the Board, which has accepted 
the assurances of O&M for federal projects under the authority of the Flood 
Control Act of 1944. In accordance with State law, most of the O&M 
responsibilities have been delegated to local districts (USACE, 2002a). For 
this reason, local and regional entities play a significant role in flood 
management. Their activities and responsibilities are as diverse as their 
legal structures, and include LDs, RDs, counties, cities, and water districts, 
agencies, and authorities. In many areas, these local entities maintain, 
operate, and assume responsibility for project levees and other flood 
management facilities on the State’s behalf. 

 
 

 
 

 

Special Districts 
DWR inspects and evaluates the maintenance of all of the State’s federally 
designated project levees and channels. Most project levees are maintained 
by special districts, such as RDs and LDs. Special districts in the 
Sacramento and San Joaquin river basins are shown on Figures 2-25 and 2-
26. Because the flood control system has developed over time, there are at 
least four variations of the distribution of maintenance responsibilities: (1) 
maintenance performed by DWR under CWC Section 8361 funded by the 
General Fund, (2) maintenance funded by local landowners, but performed 
by DWR in Maintenance Areas (MA), (3) maintenance performed by local 
landowners without formal districts, and (4) the most common, 
maintenance by local LDs, MAs, or RDs set up by the California 
Legislature. 
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The formation of RDs was originally authorized in 1868 to facilitate 
reclamation of swamplands by building levees and drainage systems. The 
formation and regulation of RDs is incorporated into CWC Section 50000 
and following. Today, landowners within these RDs support operation, 
maintenance, and improvement of their levees. 
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Figure 2-25.  Locations of Local Maintaining Agencies Within the Sacramento River 
Watershed 
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Figure 2-26.  Locations of Local Maintaining Agencies Within the San Joaquin River 
Watershed 
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LDs and RDs maintain and repair levees and other flood control facilities 
within their boundaries; RDs also assume responsibility for internal 
drainage systems for agriculture such as canals, ditches, and pump stations. 

Some of the key flood management-related roles these agencies provide 
include the following: (USACE, 2002a): 

• Plan, design and construct improvements to components of the flood 
management system in cooperation with DWR and USACE 

• Lead collaborative efforts between urban, rural, and environmental 
interests to develop integrated regional plans 

• Conduct sound levee inspections and maintenance, including repairing 
erosion sites as they occur 

• Establish robust emergency response plans 

• Inform residents on flood risks regardless of level of flood protection 

• Provide political support to help secure federal funding 

• Establish assessments and provide funds as local cost shares 

• Fund and carry out inspections, and O&M of flood management 
facilities 

• Promote appropriate land-use planning to meet FloodSAFE California 
(FloodSAFE) goals and objectives 

In areas with no RDs or LDs, DWR maintains the project levees. 

Maintenance Areas 
MAs are formed to maintain flood control levees when local agencies 
cannot fulfill their responsibilities.  The MAs are formed under CWC 
Section 12878 by the Board.  Maintenance work is performed by DWR.  
Authorized services include levee maintenance, flood patrolling, and 
emergency repairs. The boundaries of an MA are determined by study. The 
area within the boundaries of an MA includes lands protected from 
flooding by the levee. Assessment as part of an MA is determined by the 
benefit to each landowner based on assessed valuation of each property, 
and the protection afforded. 
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Other Local Entities 
Joint Powers Authorities, such as those formed in the Sacramento and San 
Joaquin river basins in response to floods in the 1980s and 1990s, facilitate 
the cooperation of local agencies for flood management in urban (and 
urbanizing) areas.  In addition, a host of other local entities often have roles 
and responsibilities related to flood management. These agencies include 
the following: 

 
 

 

• Flood control districts  

• Improvement districts 

 

• Associations 

• Cities  

• Counties 
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• Water districts 

 

• Drainage districts 

• Utility districts  

• Irrigation districts  

• Conservation districts 

 

• Flood control agencies, flood protection agencies, and levee 
improvement authorities  

• Water and power districts 

 

These local entities have a wide range of organizations, objectives, and 
authorities with respect to flood management.  Therefore, their roles, 
responsibilities, and jurisdictions vary throughout the Sacramento and San 
Joaquin river basins. 

 

 
Cities and Counties   Cities are involved in levee construction and 
maintenance. Cities are authorized to incur indebtedness to construct flood 
control works, including levees, for flood protection purposes. If a city 
incurs indebtedness for this purpose, its city council is empowered to adopt 
needed rules and regulations for acquisition, construction, and completion 
of the works; appoint agents, supervisors, and engineers to supervise and 
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construct the works; and protect and preserve the city’s rights in respect to 
the works. 

County Boards of Supervisors are authorized to spend money from their 
counties’ general funds to construct levees and other flood control works. If 
the affected bodies of water flow in or through more than one county, an 
affected county can carry out work outside of its boundaries. Boards of 
Supervisors may also pass ordinances establishing local districts to “protect 
and preserve the banks of rivers and streams and, with the permission of a 
majority of those proposed to be taxed, lands lying contiguous thereto” 
from flood damage, and levy taxes within these districts. 

Cities and counties that prepare and implement general plans and other 
local planning elements have both direct and indirect roles and 
responsibilities related to flood management in the Central Valley.  
Jurisdiction over land use and land-use decision-making in floodplains, in 
particular, occurs at the city/county level.  City and county general plans 
are required to identify flood-prone areas and address flood hazards in 
those areas. 

Regional Organizations and Associations   Various regional 
organizations and associations have been formed in the Central Valley to 
discuss and coordinate on common issues, and advocate for flood 
management and related topics.  While these entities do not have regulatory 
roles or responsibilities, they often engage in integrated planning activities 
and participate in State and federal studies, projects, and programs. 

Tribal Governments   There are more than 100 federally recognized tribal 
governments in California, each with its own form of government and laws. 
Tribes have a unique government-to-government relationship with the 
United States government through federal case law and executive orders. 
Tribal governments are responsible for providing for the health, safety, and 
welfare of all citizens within their territory, and also have roles in flood 
management. Many tribal lands are adjacent to local, State, and federal 
infrastructure that could impact lives, agriculture, and economic 
enterprises. Tribes maintain, operate, and have responsibility for flood 
management facilities in coordination with counties, the State, and the 
United States government. 

Funding 
Funding for flood management activities is a provided by a combination of 
local, State, and federal appropriations and financing.  This section 
describes some of the key aspects of funding for construction, operation, 
maintenance, and post-flood recovery of flood management facilities in the 
Central Valley. 
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Construction   Traditionally, Congress authorizes and appropriates funds 
for specific USACE flood protection projects using the WRDA, which 
passes every 2 to 3 years. Any substantial change to those water projects 
requires an updated and sometimes new authorization.  Authorizing 
language identifies funding and federal/local cost-sharing arrangements for 
a project.  In addition, the Energy and Water Development Act is an annual 
appropriations mechanism that is often used to appropriate funding for 
studies, design, and construction of federal flood management projects.  
Most federal flood control projects in the Central Valley were authorized 
and funded in this traditional manner, although some elements of the 
system were originally constructed by local entities and became part of the 
larger State-federal system later. 

 
 

 
 

 

Federal funding for flood control and related water resources projects 
requires a local entity to share in the cost of construction.  Unless specified 
differently in authorizing legislation, current cost-sharing for federal flood 
control purposes is 65 percent federal, 35 percent nonfederal.  In return for 
federal funding assistance, nonfederal partners must hold the United States 
government harmless from liability and agree to pay the nonfederal cost 
share, purchase any necessary lands and easements, and operate/maintain 
the facilities in perpetuity.  In the Central Valley, DWR and/or local 
entities have been, and continue to be, nonfederal cost-sharing partners to 
USACE, and are entirely responsible for the cost of operating and 
maintaining completed State-federal facilities.  The Board is responsible 
for providing all easements and rights-of-way required to implement a 
USACE project. 
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In recent years, heightened awareness of flood risk has stimulated an 
increase in State funding through voter-approved bonds and special budget 
appropriations. This includes passage of Propositions 84 and 1E, which 
provided about $5 billion in bond funding for flood management and 
related projects in the State.  As a result, State spending on flood 
management has overtaken federal funding from its traditional source, 
USACE. Local flood agencies in some high-risk, urban areas have also 
been successful in raising public funds for flood risk reduction projects 
(Hanak, 2008). 

 
 

 
 

 
In response to the shift in funding, the State of California has recently 
developed its own cost-sharing guidelines for certain flood management 
projects, outlining local and regional financing responsibilities for 
construction of repairs or improvements to the State-federal flood 
management system. 

Maintenance   Funding for routine maintenance of the State-federal flood 
system is generated through fees assessed by RDs, LDs, other maintenance 
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assessment areas, and local governments.  These special districts, created 
by the State, can assess landowners, with appropriate voter approval, for 
the purpose of levee maintenance and drainage, and typically comprise 
lands reclaimed and/or protected by the State-federal facilities.  Districts 
can also generate funds through the sale of public bonds. The State funds 
DWR’s maintenance activities for State-federal facilities through special 
assessment districts.  Although currently no programs are in place, in the 
past, the State has provided some funds for maintaining local levees (not 
part of the State-federal system), notably in the Delta. 

Flood Response and Recovery   Financing and reimbursement for flood 
fighting are governed by the State Emergency Services Act and other 
applicable State and federal laws.  In general, the local levee maintaining 
agency (LMA) has primary authority and fiscal responsibility for flood 
fights within its jurisdiction.  If the LMA has exhausted its resources or 
abilities, it may seek assistance from the appropriate higher entity with 
emergency response authority (typically a city or county), which then 
accepts fiscal responsibility.  If the Governor declares a state of emergency 
in the jurisdiction, State assistance is provided without the expectation of 
reimbursement. 

Public Law 84-99, authorizes USACE, at the request of the Governor, to 
conduct emergency flood fighting when USACE determines that an 
immediate danger to life or property exists and local and State resources 
are insufficient for the task. Funding for USACE emergency response 
under this authority is provided by Congress through the annual Energy and 
Water Development Appropriation Act. 

Federal funding for post-flood repairs to State-federal facilities is also 
provided through Public Law 84-99, under which an eligible flood 
protection system can be rehabilitated and restored to its predisaster status 
at no cost to the federal system owner, and at 20 percent cost to the eligible 
nonfederal system owner.  Levees and other flood facilities are only 
eligible to receive Public Law 84-99 assistance if they meet minimum 
design and maintenance standards. 

Local levees must meet the State's Flood Hazard Mitigation Plan minimum 
standards to be eligible for federal financial assistance in the event of a 
flood. This standard requires a levee crown elevation 1 foot above the 1-
percent-chance-flood elevation. In addition, to be eligible for USACE 
assistance, local levees must meet or be able to show attempts to meet the 
Public Law 84-99 standard of 1.5 feet above the 1-percent-flood elevation. 
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Coordination 
Coordination is an essential element of flood management in the Central 
Valley because of the large number of agencies and governance structures 
involved, and their multilayered jurisdictions and responsibilities.  This 
section describes some of the key coordination occurring between local, 
regional, State, and federal entities in terms of system policies and 
practices, and flood system operations. 

 
 

 

Policies, Practices, and Information   Various forums have been 
established to promote coordination with respect to the policies, practices, 
and information that govern flood management: 

 
 

• Interagency Flood Risk Management Committee – Beginning in 
2005, USACE and FEMA have cooperated to develop and coordinate 
federal flood management programs and policies through the 
Interagency Flood Risk Management Committee.  This committee has 
reviewed the standards, practices, and policies related to flood 
management of various federal agencies, resulting in more consistent, 
and stringent, standards for levee design, construction, O&M, 
floodplain mapping, and levee accreditation.  
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• Central Valley Flood System Improvement Framework – In early 
2009, a partnership of local, State, and federal agencies known as the 
California Levees Roundtable completed the Central Valley Flood 
System Improvement Framework.  This cooperative effort 
demonstrates a commitment to flood system improvement that allows 
Central Valley levees to maintain Public Law 84-99 eligibility while 
long-term system improvements are being studied.  Although the 
Roundtable began as a forum to discuss issues related to vegetation 
management, it now addresses multiple threats to levee integrity.  The 
Framework was approved by Board in February 2009. 

 
 

 
 

• California Levees Database – FEMA is a sponsor of DWR’s 
California Levee Database, a GIS resource tool for storing and 
retrieving statewide levee attribute information and technical resources 
data for levee evaluation. The information stored in the database can be 
used for FEMA’s Digital Flood Insurance Rate Map production, 
USACE flood damage reduction feasibility studies, DWR planning 
studies, and local needs. 

 
 

 

Flood System Operations   Information on possible flood hazards, 
weather conditions, inflows to the project and upstream reservoirs, flows in 
the system downstream from the project, and integrity of facilities are 
essential to effectively managing flood projects in the Central Valley. This 
requires close liaison among USACE, NWS, Reclamation, DWR, local 
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operating agencies, and downstream interests on a daily or hourly basis, as 
required.  As described previously, the joint FOC provides a single base for 
agency coordination and information dissemination during the flood 
operation season. 

Both DWR and NWS collect and interpret climate and hydrologic data in 
California.  Therefore, DWR and NWS California Nevada RFC personnel 
work together to develop flood forecast guidance, information systems, and 
data. Public dissemination of information is accomplished through NWS 
systems as well as the State-federal FOC and DWR’s CDEC. This close 
working relationship eliminates duplication of effort, takes advantage of 
the resources of both agencies, and provides consistent information 
dissemination to emergency managers and the public (NWS, 2009).  

Coordination between USACE and project operators occurs year-round, but 
generally intensifies in August or September before flood season. During 
flood season, flood management decisions for each project are made based 
on an approved Water Control Plan from the Water Control Manual for that 
project.  These decisions are a reaction to rain or snow on the ground.  
Currently, weather forecasts are not used for reservoir operations except in 
a very broad sense of preparing for large storms coming from the Pacific 
Ocean. 

Operators manage releases to maintain flood management space while at 
the same time considering downstream conditions.  Although dam 
operators are required to follow the Water Control Plan and maintain the 
stated flood management reservations for adequate downstream protection, 
operators also consider both upstream and downstream conditions when 
making release decisions.  An objective release is the maximum allowable 
outflow from a dam, as specified in the Water Control Plan. Objective 
flows pertain to specific reaches of a river based on local conditions, and 
are established through coordination with local entities. An objective flow 
is intended to reflect nondamaging conditions. 

Dam operators closely monitor downstream flows for comparison against 
channel capacities, which need to accommodate the objective releases from 
dams, flows from other flood management projects, and flows from 
uncontrolled streams and drainage areas.  Downstream considerations may 
include levee seepage, erosion, and/or strength, and channel capacity.  
Additionally, operators consider the impact of flow fluctuations on fish 
spawning habitat. In limited cases, operations may deviate from the 
approved Water Control Plan based on local conditions and considerations.  
For example, major releases made after a flood event to evacuate flood 
management storage space can potentially affect downstream property 
owners or threaten levees damaged during the event.  Releases must 
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balance the potential for damage with the need to evacuate flood 
management storage. 

In many cases, the operation of upstream dams owned and operated by 
other agencies must be considered.  Often, informal cooperation with these 
upstream facility agencies allows flood management operators to take 
advantage of available upstream storage while adjusting downstream 
releases to provide flood protection. 
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2.1.7 Emergency Planning, Response, and Recovery 
This section presents the existing framework for emergency planning and 
response to floods in the Central Valley. A sustainable Emergency 
Response System is an important component of flood management that 
improves public safety, protects and enhances environmental and cultural 
resources, and supports economic growth by reducing the probability of 
destructive floods, promoting beneficial floodplain processes, and lowering 
the damages caused by flooding (DWR, 2008b). In California, DWR is the 
lead organization in providing effective flood emergency response, which 
is based on a shared responsibility of governments at all levels, and 
partnerships with different private-sector entities. The following 
subsections discuss the structure of the emergency planning framework, 
including key response principles, participating agencies, roles, and 
capacities that guide flood-related emergency response operations in the 
Central Valley. 

Emergency Planning and Management 
Emergency response planning occurs at both the State and local levels in 
California.  The State plans and coordinates its emergency response using 
SEMS, required for managing incidents involving multiple jurisdictions 
and agencies. SEMS provides the framework for California’s State and 
local governments to communicate and share information, mobilize 
resources, and maintain operations in the event of a disaster or emergency. 
The California Emergency Services Act directs DWR, and all other State 
agencies, to use SEMS for emergency planning and response (CGC Section 
8607(a)). The National Incident Management System is the federal 
government’s nationwide counterpart to SEMS; the State system integrates 
these federal guidelines (CalEMA, 2009a). 

Although California law does not mandate that local jurisdictions produce 
emergency response plans incorporating SEMS, State law and policy 
strongly encourage this by making it a prerequisite for deploying any State 
resources or funds for local emergency response or recovery (CGC Section 
8607). Therefore, all 58 counties and 98 percent of the State’s cities have 
produced such plans and submitted them for State review (CalEMA, 
2009b). 

California Emergency Management System   Understanding the ways in 
which agencies and communities prepare for and operate during a flood 
fight first requires knowledge of the principles and design of the Incident 
Command System (ICS), which underlies both State and federal 
approaches to emergency and management (CalEMA, 2009a). A special 
State wildfire response task force developed the ICS in the 1970s to 
standardize roles and procedures that would facilitate organized and swift 
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mobilization and response during the chaos of an emergency situation 
(CalEMA, 2009a).  

The California Department of Forestry and Fire Protection (CAL FIRE) 
defines ICS as a standardized on-scene emergency management concept 
specifically designed to allow its user(s) to adopt an integrated 
organizational structure equal to the complexity and demands of single or 
multiple incidents, without being hindered by jurisdictional boundaries 
(CAL FIRE, 2008). 

 
 

 

Simply, the ICS is a way for organizations to communicate and combine 
resources, as needed, to manage emergency situations of any size and 
complexity. If a local, State, or federal agency has developed an emergency 
plan that identifies the appropriate officials and their roles in an emergency, 
ICS provides a readymade framework for action when the incident occurs. 
The system is designed to be flexible enough to use in response to an 
incident of any type; standardized to reduce problems or the potential for 
miscommunication during emergencies; and cost effective by avoiding 
duplication of efforts (CalEMA, 2009a). 
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Basic Incident Command Structure   The SEMS/ICS hierarchy contains 
five government or operational levels that may be involved in emergency 
response efforts: 

 

• Field – The field level includes emergency personnel who respond at 
the scene. 

 

• Local – At the local level, cities, counties, and special districts 
coordinate responses to incidents fully within their jurisdictions. 

 

• Operational Area – Operational areas encompass all local 
governments and jurisdictions within a county’s geographic boundaries. 
They manage the flow of resources to the local level and also facilitate 
communication between the local level and the regional level. 

 
 

• Regional – The regional level is represented by one of CalEMA’s 
administrative regions: the Inland Region for the Sacramento and San 
Joaquin river basins, and the Coastal Region for the Delta. These 
regions are responsible for coordinating information-sharing and 
managing resources among operational areas within a mutual aid 
region, and also between operational areas and the State level. 

 

 

• State – The State level prioritizes and coordinates resources to the 
regional levels and also integrates State and federal emergency 
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response systems and interstate aid agreements as directed by the 
Governor (CalEMA, 2009a). 

When a single emergency event occurs, first responders establish a physical 
Incident Command Post in the field, managed on site by an Incident 
Commander who oversees all activities and releases resources, as needed 
(FEMA, 2008). All field response staff report to the Incident Commander 
through a standard chain of command. Five functional sections, each 
headed by a Section Chief and containing multiple units, are formed within 
the Incident Command Post structure:  

• Command/Management – Headed by the Incident Commander; also 
includes public information, safety, and liaison leads. The Liaison 
Officer is the point of contact for all participating agencies, and the 
Public Information Officer directs the flow of information among 
personnel assisting in the response and to the media and public. 

• Operations – Conducts specific tactical actions in the field. 

• Planning – Collects intelligence and provides status updates about 
operations, available resources, and the situation overall, and also 
evaluates this information to develop and update action plans to be 
implemented by Operations. 

• Logistics – Orders and provides personnel, facilities, communications 
equipment, food, and all additional available resources needed to 
support the emergency response effort. 

• Finance/Administration – Keeps track of costs related to responding 
to the event, and handles all other financial and administrative matters. 

When the emergency situation requires or grows in complexity such that 
multiple agencies or jurisdictions have legal responsibilities to respond, 
ICS scales up to establish a common set of objectives and strategies for 
responding and cooperating operationally under a Unified Command 
(CalEMA, 2009a; FEMA, 2008).  

Each of the ICS organizational levels contains the same functions and 
standardized personnel roles as all other levels (CalEMA, 2009a). This 
facilitates the flow of information and requests for resources up the chain, 
and tactical guidance and resources down the chain, through the 
appropriate officials. 

Multiagency Coordination   Under SEMS/ICS, multiple agencies may be 
involved in emergency response, especially once an incident moves beyond 

2-238 March 2010 



 2.0 Planning Area Description 

the field response level. At each successive SEMS level, multiagency 
resource-sharing and support for emergency response operations is usually 
coordinated at an Emergency Operations Center (EOC). When an agency 
has specific duties to respond, it may also establish its own EOC; during or 
before a flood emergency.  For instance, DWR activates its FOC located in 
Sacramento (DWR, 2007). 

 
 

 

Resources Sharing and Cost Reimbursement   Emergency response 
financing and reimbursement is governed by the Emergency Services Act 
and other applicable State and federal laws. Local agencies, or other 
organizations with jurisdictional or functional duties to respond to a 
particular type of emergency, have the primary responsibility to pay for 
related emergency planning, preparation, and response activities. Under 
SEMS, agencies assisting in a response at other SEMS levels are 
responsible for the cost of providing these resources. 

 
 

 

Mutual Aid Agreements  

Written mutual aid agreements between different levels of government and 
between the public- and private-sector facilitate resource mobilization 
during an emergency to guarantee that effective response to an emergency 
event will not be hindered by a lack of personnel or supplies. For example, 
some RDs in the Delta have mutual aid agreements with San Joaquin 
County to provide flood fight assistance. 

2.
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Although many local agencies or governments have their own mutual aid 
agreements with one another, California also has a statewide mutual aid 
agreement to which all of the State’s counties and most of its cities are 
signatories, as shown in Table 2-22 (CalEMA, 2009b). By entering into the 
California Disaster and Civil Defense Master Mutual Aid Agreement 
(MMAA) with the State and its departments and agencies, California’s 
political subdivisions, private corporations, and public agencies agree to 
provide each other aid during an emergency without the expectation of 
reimbursement (CalEMA 2009a). During an emergency, each signatory 
retains control of its own resources but gives and receives help, as needed, 
to other jurisdictions covered under the agreement. Under California’s 
MMAA, each level of government seeks aid within its own level before 
calling for assistance from the next highest level within SEMS (CalEMA, 
2009a). 
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Table 2-22.  Emergency Plans and Statewide Mutual Aid Coverage 
 Counties Cities Total 

Emergency Plan 58 468 526 

No Emergency Plan 0 11 11 

Total 58 479 537 

MMAA Signatory 58 472 530 

Nonsignatory to MMAA 0 7 7 

Total 58 479 537 
Key: 
MMAA = Master Mutual Aid Agreement 

Cost Reimbursement 
If mutual aid is used, reimbursement will be governed by the applicable 
mutual aid agreement. If State resources are obtained under California’s 
MMAA, local jurisdictions are not expected to reimburse the State 
(CalEMA, 2009a).  After a flood occurs, local governments can request 
State reimbursement for emergency response and repair costs under the 
California Disaster Assistance Act, and both State and local governments 
can request emergency response and recovery cost reimbursement from 
FEMA under the Robert T. Stafford Disaster Relief and Emergency 
Assistance Act (Public Law 93-288, as amended) (Stafford Act). However, 
both these assistance programs require documented use of State and federal 
emergency management approaches during an event (CalEMA, 2009a). 

Responsible Agencies 
The following subsections describe public agencies charged with 
emergency management responsibilities primarily, and with flood-related 
emergency response roles in particular (see Table 2-23). 
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Table 2-23.  Key Emergency Powers and Roles 
Type Statute/Regulation Summary 

Emergency 
Response 
Definition  

California Code of 
Regulations Title 19, 
Section 2402  

• Defines emergency response agencies.  

Governor’s 
Emergency 
Authority  

California Government 
Code Section 8550 et 
seq.  

• Gives Governor authority for the 
following: 
- Make and rescind orders and 

regulations.  
- Expend any appropriation.  
- Suspend provisions of any regulatory 

statue. 
- Commandeer private property (except 

media) or personnel.  
- Enlist DWR and other agencies for 

emergency purposes.  
DWR Emergency 
Authority  

California Water Code 
Section 128(a) 

• Gives DWR authority to take remedial 
actions to avert, alleviate, repair, or 
restore damage or destruction to 
property having a public or State interest. 

• Places overall authority in emergency 
response with CalEMA.  

California Water Code 
Sections 6110-6113 

• Allows DWR to take remedial measures 
to protect life and property if a dam is 
about to fail. 

SEMS  California Government 
Code Section 8607(d)  

• Requires all State agencies to use a 
standard emergency response system.  

California Code of 
Regulations Title 19, 
Section 2403  

• Describes how State agencies should 
incorporate SEMS.  

California Code of 
Regulations Title 19, 
Section 2405  

• Models SEMS on the ICS. 

California Code of 
Regulations Title 19, 
Section 2407 

• Establishes communications and 
coordination procedures during an 
emergency. 

Emergency Plans 
and Mutual Aid 
Agreements 

California Government 
Code Section 8610  

• Allows local governments to develop 
emergency plans and mutual aid 
agreements. 

California Government 
Code Section 8616  

• Requires DWR aid given to local 
agencies to follow existing local plans.  

California Government 
Code Section 8617  

• Allows DWR to provide mutual aid in 
periods other than emergencies.  

•  
California Government 
Code Section 8618 

• States that local agency remains in 
charge of incident, unless aid-giving 
agency states otherwise. 
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Table 2-23.  Key Emergency Powers and Roles (Contd.) 
Type Statute/Regulation Summary 

Responsibility for 
Sacramento and 
San Joaquin Flood 
Control Projects 

California Water Code 
Sections 8370, 12642 

• Assigns responsibility for Sacramento 
and San Joaquin Flood Control Projects 
to local levee maintaining districts, 
counties, cities, and other public 
agencies. 

California Water Code 
Sections 8361, 12878.1
Water Code Section 
8715 

• Authorizes DWR to maintain and operate 
portions of flood control projects in the 
Sacramento and San Joaquin river 
basins. Gives general authority to DWR 
to protect or strengthen any levee 
between Chico and Fresno. 

Federal 
Cooperation  

California Water Code 
Section 12642 
Public Law 84-99  

• Gives authority to maintain and operate 
federally authorized projects to DWR and 
public districts if the federal government 
is inactive. 

• Authorizes USACE to conduct 
emergency flood fight after Governor’s 
request to aid DWR.  

Debris Disposal  Government Code 
Section 8596  

• Allows State agencies and employees to 
assist in disposal of debris on private 
property.  

CEQA Exemptions Public Resources Code 
Section 21080  

• Authorizes emergency repair to public 
facilities. Exempts actions to 
prevent/mitigate an emergency.  

Emergency 
Contracting 
Provisions  

Public Contract Code 
Section 10122  

• Permits DWR to use contracts on 
informal bids to effect emergency 
repairs.  

Stream Bed 
Alteration 
Agreements  

Fish and Game Code 
Section 1601(f) 

• Allows DWR to perform emergency work 
with a notice to DFG within 14 days of 
work. 

California 
Endangered 
Species Act 

Fish and Game Code 
Section 2090(c) 

• Allows DWR to perform emergency work 
with a notice to DFG within 14 days of 
work. 

Wetlands 
Regulation 

Clean Water Act Section 
404 

• States regional permit guidelines. 

Emergency 
Volunteers/Good 
Samaritan Laws 

California Government 
Code Section 820.2, 
825, 8655, 8657, 8659, 
8660 

• Provides immunity from liability to good-
faith volunteers pressed into emergency 
response service. 

Source: DWR, 2007. 
Key:  
CalEMA = California Emergency Management Agency 
CEQA = California Environmental Quality Act 
DFG = California Department of Fish and Game 
DWR = California Department of Water Resources 
ICS = Incident Command System 
SEMS = Standardized Emergency Management System 
USACE = U.S. Army Corps of Engineers 

Emergency Planning and Management Agencies   At every level of 
government, at least one official, department, or agency is charged with 
leading preparations for natural disasters or other emergencies and 
managing the response when events such as flooding occur. 
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Local Government 
All cities, counties, and special districts are responsible for public safety 
and for responding to emergencies within their jurisdictions (CalEMA, 
2009a). Local ordinances describe emergency plans and identify 
emergency managers and officials authorized to issue “Local Emergency” 
declarations. All but 11 of the State’s jurisdictions have local “Disaster 
Councils” charged with maintaining the jurisdiction’s emergency plan and 
directing certain aspects of emergency response (CalEMA, 2009b). 

 
 

 

Once the jurisdiction activates its emergency operations center or officials 
declare a local emergency, the local government must use SEMS to be 
eligible for state reimbursement of costs related to the response (CalEMA, 
2009a). 

 
 

California Emergency Management Agency 

 

CalEMA, established in 2009 through the merger of the State’s OES and 
Office of Homeland Security, is California’s lead agency for emergency 
planning and response (CalEMA, 2009a). The agency maintains the state’s 
emergency plan, which describes resources, roles, and procedures in all 
levels of government and within the State’s broader emergency community 
for responding to a range of emergencies and natural or man-made 
disasters. 
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CalEMA considers local government requests for cost reimbursement 
following a Local Emergency declaration, and makes recommendations to 
the Governor on whether to grant local requests for State of Emergency 
declarations. When it is apparent that responding to an emergency will 
outstrip available State resources, CalEMA coordinates the Governor’s 
requests for a Presidential Declaration of Emergency to release Stafford 
Act funds. The agency is the conduit through which DWR and all other 
State or local agencies must request federal assistance following an 
incident (CalEMA, 2009a). CalEMA may allocate funds for investigation, 
estimates, reports, and repairs regarding disaster recovery financial 
assistance for flood management works that do not come under the 
provisions of another authority. 

 
 

 
 

 

 Under its former identity as Governor’s Office of Emergency Services 
(OES), CalEMA developed the following sets of guidelines for emergency 
planning in compliance with the Flood Emergency Action Team initiatives: 

• Guidelines for Coordinating Flood Emergency Operations 

• Legal Guidelines for Flood Evacuation 

• Flood Preparedness Guide for Levee Maintaining Agencies 
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• Emergency Plans for Mobile Home Parks 

• Memorandum of Understanding for Animal Care During Disasters 

• Protocol for Closure of Delta Waterways 

• Public Assistance Eligibility Guidelines for Floods Disaster Assistance 
Funding Guidance 

Federal Emergency Management Agency 
Through FEMA, the federal government provides assistance during 
presidentially declared emergencies and other major disasters under the 
Stafford Act. FEMA is responsible for coordinating assistance with and 
through CalEMA to State and local governments under the Stafford Act. 
FEMA is also responsible for coordinating direct federal assistance under 
the National Response Plan. Under the National Response Plan, federal 
agencies such as USACE may provide assistance with measures to reduce 
immediate threats to lives and property. 

Flood fight and Flood Operations Assistance   In addition to the above 
emergency management agencies, a number of local, State, and federal 
entities either have statutory flood fight responsibilities or may offer their 
assistance during a flood fight. 

Levee Maintaining Agencies 
Local agencies have primary authority for both levee maintenance and 
flood fighting within their jurisdictions. Levee maintenance is provided by 
LMAs: entities with the responsibility to maintain the flood works of the 
SRFCP, San Joaquin River Flood Control Systems, or other parts of the 
flood works of the Central Valley. This includes public LDs or RDs, local 
governments, private levee owners and, in some cases, DWR (DWR, 
2007).  LMAs are responsible for natural disaster emergency preparations, 
such as training and stockpiling flood fight supplies. CalEMA provides a 
flood preparedness guide for LMAs that contains an emergency plan 
checklist and identifies local government agencies with which LMAs 
should work before and during emergencies (OES, 1997g). 

Department of Water Resources 
Although CalEMA is the State’s lead on overall emergency response, 
DWR is the lead State agency for flood fight assistance and flood 
emergency response. Section 128(a) of the CWC authorizes DWR in times 
of storms or floods to take any remedial measures necessary to avert, 
alleviate, repair, or restore damage or destruction to property having a 
general public or State interest. During flood events, DWR’s divisions with 
emergency response capabilities organize in an ICS-based command 
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structure consistent with SEMS and directed at the FOC by the Division of 
Flood Management, and coordinate with other local, State, and federal 
agencies (DWR, 2007). During non-flood conditions, DWR’s Division of 
Operations and Maintenance and Reclamation coordinate their day-to-day 
water operations and also participate in event-specific weather briefings 
presented by the FOC. 

 
 

 

Division of Flood Management leads DWR’s response to floods and directs 
sections of its Flood Operations Branch that provide key resources during 
flood emergencies (DWR, 2007). The DWR Division of Operations and 
Maintenance is responsible for coordinating activities at each flood incident 
in the field with the FOC. The Division of Planning and Local Assistance 
Central District Office, located in Sacramento, manages water resources in 
cooperation with State, federal, and local agencies and all public interests. 
The Central District Office has personnel trained in SEMS and provides 
expertise in floodplain management, geology, streamflow measurement, 
high-water surveying, and flood fighting (DWR, 2007). 

 
 

 
 

California Department of Forestry and Fire Protection 
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During a flood emergency, or when storm activity, high river stages, high 
tides, or large reservoir releases may pose potential flood threats, CAL 
FIRE may supply personnel to support flood fighting and levee patrols. 
DWR must request CAL FIRE resources through CalEMA; DWR may not 
order crews directly from CAL FIRE unless there is an agreement between 
the two agencies. (DWR, 2007) 

 
 

California Conservation Corps 
Like CAL FIRE, the California Conservation Corps also may provide 
personnel for flood fighting and levee patrols during emergency situations. 
Standby crews are frequently stationed near sites where problems are 
anticipated because of storm activity, high river stages, high tides, or heavy 
reservoir releases (DWR, 2007). 

 
 

 

U.S. Army Corps of Engineers 
USACE has emergency authority under Public Law 84-99, enacted in June 
1955, to fight any flood to protect life and property and to rehabilitate 
federal flood management facilities that are maintained by state and local 
entities (USACE, 1999). 

 

 

U.S. Coast Guard 
The U.S. Coast Guard has jurisdiction in coastal waterways and has the 
authority to restrict commercial vessel traffic. The U.S. Coast Guard will 
coordinate advisories and restrictions through CalEMA during proclaimed 
emergencies, and is also the lead federal agency responsible for hazardous 
materials incidents (DWR, 2007). 
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U.S. Department of the Interior, Bureau of Reclamation 
Reclamation operates the CVP, which provides flood control benefits along 
with water throughout California for irrigation, supply, hydropower, 
recreation, and environmental needs. DWR and Reclamation will 
coordinate SWP and CVP operations during catastrophic events. 
Reclamation projects may require changes in operations during an 
emergency as long as the change does not jeopardize or interrupt lawful 
function of infrastructure. 

U.S. Geologic Survey 
USGS coordinates with NWS and DWR by providing streamflow data 
collected from telemetered stream gages throughout California.  During a 
flood emergency, USGS will collect flow measurements and make repairs 
to damaged equipment at its gaging stations. 

Flood Recovery Assistance 

Natural Resources Conservation Service 
The USDA NRCS provides technical and financial assistance to 
communities for restoring watersheds impaired by natural disasters. 
Through the Emergency Watershed Protection, NRCS helps safeguard 
people and property after natural disasters, such as floods, fires, 
windstorms, earthquakes, and drought. NRCS helps repair overtopped 
levees, dikes, and other flood-retarding structures. To prevent future 
flooding, NRCS provides assistance to help clear watercourses clogged by 
sediment and debris. 

Flood Event Emergency Response 
Flood emergency operations include not only flood fighting and emergency 
response, but also monitoring and notification activities that trigger 
mobilization of personnel and resources when a flood may occur. This 
section describes the sequence of events that could occur during a flood 
emergency and how DWR and other agencies would be involved in the 
response at various SEMS levels. It also includes general guidelines 
required to “integrate local agencies that maintain levees and flood control 
structures into the overall emergency response organization,” as the 
Governor’s Executive Order W-156-97. The guidelines were completed in 
compliance with Flood Emergency Action Team and approved by the 
SEMS Advisory Board on November 21, 1997. 

Flood Emergency Preparedness and Warning   Throughout California’s 
traditional wet season, DWR joins a number of federal agencies in 
monitoring potential flood threats and alerting local communities when 
floods occur. 
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River Forecasting 
From mid-October through April, a joint State-federal forecast team 
continuously monitors river stages and weather conditions to maintain 
awareness of any high water potential. As major storm systems approach 
California, forecasters from NOAA, the NWS RFC, and DWR forecast the 
location, amount, and timing of expected precipitation and make initial 
river forecasts. 

 
 

 

Once a major storm arrives and runoff begins, river forecasts are updated 
and issued, as necessary. Reservoir operators adjust flood control releases 
as inflows increase or downstream channels swell with runoff. If runoff is 
sufficient to raise streams to threatening levels, NWS and DWR issue 
forecasts as official public bulletins. Gage information, forecasts, and 
warnings are disseminated through the CDEC computer system.  CDEC 
provides flood forecasts for all major tributaries influencing the Central 
Valley (DWR, 2007). 

 
 

 
 

Flood Alert and High Water Notifications 
Forecasts of sustained storm patterns and flood potential, the need for 
coordinated field operations during a flood fight, and requests for technical 
support from local agencies may require the DWR Flood Operations 
Branch Chief to declare a Flood Alert to officially activate the FOC under 
SEMS (DWR, 2007). 
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When streams are forecast to rise above certain predetermined stages 
(water surface elevations) or flow rates, FOC personnel make high water 
notification calls to appropriate local flood system maintaining and 
emergency response agencies (DWR, 2007). 

 
 

Flood fight and Response   The necessity to initiate a flood fight may 
result from overflow of a natural waterway, overflow of a waterway 
confined by levees, rising lake waters, dam overtopping, failure of a levee, 
or other circumstances. Flood fighting is initiated when a threat to life and 
property exists (FEAT, 1997b). 

 
 

Field Command  

 At the field level, an agency responsible for responding in a particular type 
of emergency will provide or direct personnel who will establish an 
Incident Command Post and manage the emergency hands-on. In a flood 
fight, the agency that establishes the Incident Command and begins the 
flood fight may be an LMA, or DWR where the department has levee 
maintenance responsibilities (OES, 1997a). As the statewide lead for 
responding to floods, DWR may also send Division of Operations and 
Maintenance teams to assist the field response. If the agency responding in 
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the field has mutual aid agreements, participating organizations may 
provide personnel and equipment. 

After receiving a flood alert or high water notification from the FOC, 
LMAs are required to patrol their levees on a 24-hour basis as long as the 
water level is at or above the high-level monitoring stage, and until no 
levee threat remains (DWR, 2007). 

Local 
If a flood fight exceeds the capability of an LMA or if communities are 
threatened, cities or counties will lend their resources to the flood fight, and 
local officials may activate the jurisdiction’s EOC (OES, 1997a). 

Operational Area 
SEMS requires the activation of an operational area if one or more local 
jurisdictions have activated their EOCs and have proclaimed a local 
emergency. If the operational area EOC is activated during a flood, 
CalEMA and DWR will provide operational area EOC staff liaisons to the 
greatest extent possible to coordinate emergency operations and flood fight 
operations, respectively (OES, 1997a). 

At this level, flood emergency response activities could include a host of 
cross-jurisdictional and cross-functional agency involvement. For example, 
if a flood is isolated to one operational area only, response activities might 
include RD staff assisted by county and DWR personnel working to shore 
up a levee, and a police department coordinating evacuations with sheriff’s 
department and county emergency services staff. 

Once an operational area’s EOC is activated, it prompts involvement of 
CalEMA and the appropriate regional and State emergency management 
authorities, as well. In general, a flood emergency would need to be 
elevated to at least this operational level before State resources outside 
DWR would be used to respond. 

Regional 
When emergency management personnel activate an operational area’s 
EOC, this also activates the appropriate CalEMA Regional EOC to 
coordinate information-sharing and the flow of resources among 
operational areas within a mutual aid region, and between the local and 
State levels (CalEMA, 2009a). 

All State resources for flood-related emergency response in the Central 
Valley, outside those provided by DWR, must be coordinated and released 
to local efforts through the Inland or Central CalEMA regions. 
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State 
When a CalEMA Regional EOC is activated, the State also activates the 
State Operations Center to support the regional level with State resources. 
The State agency with functional or legal emergency management duties 
creates its own operations center to direct its response in the field. Through 
CalEMA, the State level also integrates State and federal emergency 
response systems and interstate aid agreements, as directed by the 
Governor (CalEMA, 2009a). 

 
 

 

In case of a flood fight, DWR activates its FOC. The FOC is the primary 
center for 24-hour coordination of DWR’s overall flood fight assistance 
and the State’s requests to USACE for assistance (DWR, 2007). During a 
flood event, many other State and federal agencies send special 
representatives to the FOC, where they coordinate their respective 
agencies’ flood fight activities with DWR. Some of these representatives, 
such as USACE and the Board have their own dedicated resources within 
the FOC and work directly with FOC management. These representatives 
not only work to coordinate larger efforts between groups, but also serve as 
advisors to DWR’s flood response.  
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Other agencies, such as USGS, CalEMA, CAL FIRE, local government 
representatives, and representatives from other DWR divisions work 
directly with the FOC Operations and Planning/Intelligence sections. 
Additional DWR staff can be assigned to aid any of these representatives, 
as needed. Figure 2-27 shows the flood emergency structure and different 
agencies that coordinate with DWR (DWR, 2007). 

 
 

 

 
 

 
 

 

Source: DWR, 2007 
Figure 2-27.  Agencies that Cooperate with DWR and Each Other 
During Typical Flood Emergencies  
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Federal 
In general, emergency response assistance from federal agencies must be 
requested by the Governor or through CalEMA. The Governor must issue a 
request to the federal government to assist DWR before USACE can join a 
flood fight (DWR, 2007). 

Flood Evacuation   The Flood Emergency Action Team flood evacuation 
guidelines focus on issues local government officials may face when 
evaluating the potential evacuation of their populations in the event of a 
flood emergency or disaster (OES, 1997h). The guidelines provide 
background regarding a local government’s authority to issue an evacuation 
order and associated liabilities. The following section provides excerpts 
from CalEMA’s flood evacuation guidelines and a description of the duties 
and responsibilities that arise during a flood emergency. 

Evacuation Authority and Responsibility 
The city, county, or State, or city and county entities are responsible for 
protecting the lives and property of their inhabitants. The local governing 
body, certain statutorily designated law enforcement officers, and the 
Governor, have the authority to order an evacuation. 

Four entities may exercise authority for evacuation in the event of a flood 
emergency or disaster and are discussed below: 

• Local governing body of cities, or whomever is authorized to act on 
their behalf 

• Local governing body of counties, or whomever is authorized to act on 
their behalf 

• Statutorily designated law enforcement officers 

• Governor 

The local governing body, or whomever the local governing body has 
authorized to issue the evacuation order, is primarily responsible for 
ordering an evacuation. This authorization can be in the form of an 
ordinance, resolution, or order that the local governing body has enacted.  
Many local jurisdictions have prepared flood-specific evacuation plans that 
identify egress routes and procedures based on the height of floodwaters 
and are organized for each law enforcement “beat” in the area (City of 
Sacramento, 2008). 
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Recovery 
Once necessary response actions have been taken to minimize loss of life, 
damage to property, and adverse effects to water supply and water quality, 
agencies and jurisdictions involved will transition to the recovery phase. 
Post-flood recovery includes programs and actions that restore public 
facilities and services, provide aid to individuals, and facilitate other forms 
of assistance to individuals, businesses, and communities. 

 
 

 

Infrastructure Repair and Debris Removal   Activities such as repairing 
damaged infrastructure and debris removal are the responsibilities of 
affected local jurisdictions, which may also receive State or federal 
assistance in these efforts. In terms of infrastructure, DWR has the 
authority to finance or perform any activity intended to return flood-
impacted facilities or persons to normal status. Recovery after a moderate 
flood event may also involve the funding and construction services of 
USACE if damaged facilities are parts of federal projects.  

 
 

 
 

A number of State and federal agencies, including FEMA, CalEMA, DWR, 
USACE, and NRCS, share many damage assessment or repair 
responsibilities. Teams from these agencies complete damage survey 
reports or levee inspections, which are used to prioritize funding and 
assistance for debris removal and levee repairs (OES, 1997c). 

2.
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Cooperating agencies may also assist one another in repairing damages to 
habitat and infrastructure on public or State-managed lands; many wildlife 
areas, for instance, are part of or adjacent to bypass systems that will 
handle floodwaters. 

 
 

Disaster Recovery Assistance   Immediately after a flood, individual 
residents and business owners may require aid to protect lives and property. 
Various forms of assistance can also expedite recovery; assistance may be 
in the form of temporary shelter, grants or loans, or other forms of financial 
assistance. Typically, the issuance of a disaster declaration (by the 
Governor and/or President) expands the forms of assistance that can be 
offered. Some grants and loans may be conditioned on reducing future 
flood risks by reducing or eliminating development in flood-prone areas, or 
minimizing future flood exposure through reconstruction techniques.  
Overall finance administration and responsibility for accounting, time-
keeping, recovery, and FEMA claims are carried out using SEMS (OES, 
1997c). 

 
 

 

 

Rehabilitation and Restoration   Rehabilitation and restoration refers to 
the longer term effort to restore normal operations and conditions following 
a flood. 
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Availability of resources to repair local and private facilities, remove 
floodwaters, and restore housing, business, and infrastructure often depends 
on the severity of the event and the allocation of event-specific State or 
federal funds (DWR, 2007). For example, both the U.S. Small Business 
Association and USDA provide low-interest loans to individuals, 
households, and businesses and organizations in declared disaster areas 
(CalEMA, 2009a). CalEMA coordinates the integration of federal 
resources into local and State response and recovery operations, including 
FEMA’s predisaster and postdisaster mitigation grants (DWR, 2008b). 

Federal funding for postflood repairs to State-federal facilities is also 
provided through Public Law 84-99, under which an eligible flood 
protection system can be rehabilitated and restored to its predisaster status 
at no cost to the federal system owner, and at a 20-percent cost to the 
eligible nonfederal system owner (OES, 1997c). 

Flood Insurance   Flood insurance is provided by the federal government 
via the NFIP, which was established by Congress in 1968. The NFIP 
enables property owners in participating communities to purchase 
insurance as a protection against flood losses in exchange for State and 
community floodplain management regulations that reduce future flood 
damages. Participation in the NFIP is based on an agreement between each 
community and the federal government. If a community adopts and 
enforces a floodplain management ordinance to reduce future flood risk to 
new construction in floodplains, the federal government will make flood 
insurance available within the community as a financial protection against 
flood losses. This insurance is designed to provide an insurance alternative 
to disaster assistance and to reduce the escalating costs of repairing damage 
to buildings and their contents caused by floods (DWR, 2009e). 
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2.2 Likely Future 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 includes brief descriptions of the period of 
analysis for the 2012 CVFPP, key drivers and influencers for integrated 
flood management, and a brief description of likely future conditions. 

 
 

 

2.2.1 Period of Analysis  

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 are 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. 

 
 

 

2.2.2 Key Drivers and Influencing Factors 
Key drivers and influencers associated with integrated flood management 
are discussed in this section to better define likely future conditions and 
challenges, and to evaluate the relationships and relative sensitivity of the 
drivers and influencers to these conditions and challenges. Drivers are 
trends and external forces outside the control of flood managers that impact 
integrated flood management.  Drivers are typically associated with a trend 
and direction of increasing or decreasing intensity or magnitude. Major 
drivers and influencers for integrated flood management in the Central 
Valley include the following: 
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• 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 

March 2010 2-253 



2012 Central Valley Flood Protection Plan 
Regional Conditions Report – A Working Document 

Change in State Population, and Type and Location of Development 
in Floodplains 
California’s population is projected to grow from its current level of about 
37 million people to 60 million people by 2050 (DOF, 2007). Much of this 
additional population will be accommodated in the crowded metropolitan 
coastal areas and in Southern California’s Inland Empire. But these areas 
are finding it increasingly difficult to accommodate new development. 
Despite economic pressures to grow, the combination of rising costs and 
local opposition to growth is likely to push many people to seek homes and 
employment in the Central Valley (Teitz et al., 2005). The conversion of 
agricultural lands to other uses is expected to continue as urban areas grow 
and prospective homeowners move farther away in search of lower housing 
costs and a more rural lifestyle (USACE, 2001). 

Much of this population increase in the current and planned urban areas of 
the Central Valley is expected to take place within floodplains (USACE, 
2001). In many areas throughout the Central Valley, higher elevation 
locations have already been developed, pushing new development into 
historic floodplains. In some cases, land-use decisions are based on 
outdated information regarding the seriousness of the flood threat. For 
example, many flood maps used by public agencies and the general public 
are decades old and do not reflect the most accurate information regarding 
potential flooding, especially as it relates to the presumed level of 
protection provided by flood protection facilities (DWR, 2005).  
Furthermore, there is a lack of updated watershed and floodplain analysis 
and mapping information necessary to adequately manage floodplains and 
to evaluate impacts of land use and grading on floodplains and existing 
flood management infrastructure. 

Population increase will likely result in profound changes in land-use 
patterns, increasing the population at risk from flooding and further 
reducing existing agricultural land and wildlife habitat. These changes will 
most likely occur as an encroachment of present urban/suburban areas into 
adjoining farmland. Also, this type of urbanization affects the flood 
management system by altering flow pathways, water storage, pollutant 
levels, rates of evaporation and transpiration, groundwater recharge, 
surface runoff, timing and extent of flooding, sediment yield of rivers, and 
suitability and viability of aquatic habitats (DWR, 2009e).  

This will, in turn, impact the function and management of flood 
infrastructure, operations, and maintenance. Continued urban development 
within the floodplain will also make future changes to the “footprint” of the 
flood management system increasingly costly, increasing potential 
damages should the flood management system fail. In several flood-prone 
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areas, development has already occurred at the levee toe, which greatly 
increases the cost to raise existing levees or construct setback levees.  

Low-density exurban development is having a much greater effect on the 
Central Valley landscape. This type of growth is also predominating in 
other parts of the country where land is inexpensive. Not only are people 
generally seeking larger houses and lots, but the entire apparatus of urban 
settlement – streets, commercial and industrial properties, public facilities, 
and other land uses – has become increasingly extensive. This means that 
for areas now on the urban frontier of growth, the footprint of development 
is much larger for a given population size. Such growth patterns are rare in 
coastal California. But this development pattern could occur over the next 
40 years in the thousands of square miles of flat, privately owned, 
relatively inexpensive farmland in the Sacramento and San Joaquin river 
basins (Teitz et al., 2005). 

 
 

 
 

 

Regional Population Changes and Floodplain Development Trends   
The population of the Sacramento River Basin was about 2.6 million in 
2000, but this is expected to increase to more than 4.5 million by 2030 
(DWR, 2005c).  The southern portion of this river basin is experiencing 
rapid population growth and urbanization.  While the State experienced a 
statewide population growth approaching 15 percent from 1990 to 2000, 
growth rates in the Sacramento Metropolitan Area have exceeded this 
trend.  Similarly, the adjoining urban areas in Placer, Yolo, and Sutter 
counties are also experiencing extensive growth and urban expansion.  
Much of this urbanization is occurring in areas protected by SPFC 
facilities. 
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Historically, most of the growth in the San Joaquin River Basin has 
occurred adjacent to agricultural towns that emerged along Highway 99 in 
the late nineteenth and early twentieth centuries (Teitz et al., 2005). While 
growth has slowed considerably because of the current economic 
conditions, significant residential and industrial growth is expected when 
the economy recovers. Of the estimated 4 million new people in the San 
Joaquin River Basin expected by 2050, fewer will be employed in 
agriculture, and they will live in urban areas that are largely yet to be built 
(Teitz et al., 2005).  As with the Sacramento River Basin, much of this 
urbanization will be protected by SPFC facilities. 

 
 

 

 

In the Delta, there is a formal process for urban development restrictions 
under the Delta Protection Act. The Delta Protection Commission (DPC) 
has designated primary and secondary zones within the legal Delta to 
respond to the threat of urban encroachment and promote orderly, balanced 
conservation and development of Delta land resources and improved flood 
protection. Figure 2-28 shows a map of the primary and secondary zones. 
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The Primary Zone of the Delta was delineated to eliminate incorporated 
cities (DPC, 1995). Many areas are currently being used for agricultural 
purposes and have value as agricultural lands (DPC, 1995).The Secondary 
Zone is all the Delta land outside the Primary Zone and is subject to the 
land-use authority of local government. These areas have a high likelihood 
of being developed for residential or other urban uses in the future (DPC, 
1995). 

Senate Bill (SB) 1 of the 2009 California Water Package would enact the 
Sacramento-San Joaquin Delta Reform Act of 2009.  This act would 
establish the Delta Stewardship Council. The Delta Stewardship Council, 
an independent agency of the State, would have seven members (six 
appointed and one the chairperson of the DPC).  The council’s purpose 
would be to develop, adopt, and implement the Delta Plan, the long-term 
management plan to improve the Delta, by January 1, 2012. 
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Figure 2-28.  Delta Primary and Secondary Zones 
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Growth indicators include the number of residential housing development 
and related commercial/infrastructure facilities proposed, regional 
population forecasts, and city and county general plan update movements 
underway. These indicators demonstrate that urban development in the 
Primary Zone has been moderate, but activities in the Secondary Zone have 
continued to increase at a significant rate. Thus, the potential for 
development activities in the Secondary Zone to impact the Primary Zone 
continues to be of increasing concern and challenge for the Delta Protection 
Commission. 

Water Supply Reliability and Conveyance Needs 
Providing reliable water supply for residential, agricultural, and industrial 
users throughout the State is a current challenge that will likely increase in 
intensity in the future. Currently, water from the Sacramento River and San 
Joaquin River enters the Delta where it is exported to Southern California, 
the San Joaquin River Basin, and Central Coast areas through facilities of 
the CVP and SWP.  Other local and regional water users also divert water 
from the Delta.  Demand for water supply will likely increase as 
California’s projected population grows to 60 million people by 2050 
(DOF, 2007). Increasingly stringent environmental regulations, such as 
recent Delta export restrictions to protect delta smelt, have constrained 
already-limited rights to water from the Delta through additional diversions 
restriction based on conditions like, the reverse flow rate in Old and Middle 
rivers, San Joaquin River flow rate at Vernalis, and the locations of the 2 
parts per thousand (ppt) isohaline (measured as 2.64 milliSiemens per 
centimeter (mS/cm) surface salinity) from the Golden Gate Bridge..  Sea 
level rise and reductions in snowpack from climate change will alter 
Central Valley hydrology and bring new water supply challenges. All of 
these factors will further impact availability and reliability of water 
supplies, and the ability to convey water supplies to major demand centers 
south of the Delta. 

It is the opinion of some partners that the State will need to turn to 
localized, self-sufficient water solutions, rather than statewide water 
delivery systems, to ensure the demand for safe, clean, affordable water is 
met for all Californians. 

These water supply reliability and conveyance challenges affect flood 
management. Primary areas of dependence and conflict between flood 
management and water supply include competition for limited storage 
space in multipurpose reservoirs, groundwater overdraft-induced 
subsidence affecting performance of flood protection facilities, and reliance 
of the State water conveyance system on levees in the Delta. These water 
supply reliability and conveyance challenges affect flood management. 
Primary areas of dependence and conflict between flood management and 
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water supply include competition for limited storage space in multipurpose 
reservoirs, groundwater overdraft-induced subsidence affecting 
performance of flood protection facilities, and reliance of the State water 
conveyance system on levees in the Delta. There are many ongoing efforts 
in Delta water management.  The major efforts are: 

 
 

• Legislation (SB 1 of the 2009-2010 Seventh Extraordinary Session) 
mandating the State Water Resources Control Board to develop 
flow criteria for the Delta ecosystem necessary to protect public 
trust resources. 

 
 

• The same legislature also enacts the Sacramento-San Joaquin Delta 
Reform Act to establish the Delta Stewardship Council to develop, 
adopt, and implement the Delta Plan that will provide a more 
reliable water supply for California and protect, restore, and 
enhance the Delta ecosystem. 

 
 

 

• At the same time, the State, Federal, and local water agencies are 
collaborating to develop the Bay-Delta Conservation Plan to 
identify a set of water flow and habitat restoration actions that will 
contribute to the recovery of endangered and sensitive species and 
their habitats in the Delta. 

 
 

Reservoir Operations Management   Multipurpose reservoirs are 
required to perform a wide variety of objectives, including water supply, 
flood control, recreation, hydropower, ecosystem resources, and water 
quality. Water supply and flood management are closely related because 
both objectives compete for limited reservoir storage space. To achieve 
flood control objectives, reservoirs decrease water storage to create flood 
conservation space in preparation for winter flooding. To achieve water 
supply objectives, flood conservation space decreases in late spring to 
allow additional storage for water supply. Reservoir operators must 
constantly make this tradeoff between storing additional water for future 
water supply needs and releasing water to increase flood control storage 
space. Many multipurpose reservoirs are already constrained by actions 
that promote instream habitat, water temperature management, and 
hydropower generation. As the demand for water continues to increase, 
there will be more pressure to maximize reservoir storage, which will 
severely reduce the flexibility of future flood control actions. 

 
2.
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Land Subsidence Due to Groundwater Overdraft   The statewide water 
supply system in California is so interdependent that decreased water 
availability through the Delta might lead to accelerated subsidence from 
increased groundwater pumping, in areas that have developed a reliance on 
imported water from the Delta.  Subsidence from groundwater pumping 
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impacts flood control management because it damages flood control 
structures, increases costs for levee maintenance, and changes channel 
hydraulics and capacity. Subsidence also causes saltwater intrusion into the 
San Joaquin River Basin aquifer, which causes irreversible damage to 
groundwater supplies and increases water scarcity (USGS, 2000). 
Subsidence also damages highway and railway infrastructure. Increased 
groundwater pumping also degrades soil conditions because groundwater 
generally contains higher levels of boron, selenium, iron, and manganese 
than surface water. 

Historically, over-pumping in the San Joaquin and Santa Clara valleys has 
compacted critically stressed aquifer systems, resulting in land subsidence. 
Before imported Delta water became available in the mid-1970s, nearly 30 
feet of subsidence had been measured in the San Joaquin River Basin and 
up to 14 feet in the city of San Jose in the Santa Clara Valley. Estimated 
damages were in the hundreds of millions of dollars, largely due to costs 
associated with construction of flood control structures and well damage 
(Galloway et al., 1999). 

Both the Santa Clara and San Joaquin valleys now rely, in part, on 
imported water from the Delta to augment local supplies. The imported 
water reduces local groundwater pumping and arrests, or slows, 
subsidence. Recent groundwater pumping increases in the San Joaquin 
River Basin has raised concerns that land subsidence could lead to damages 
in the concrete channel of the California Aqueduct.  Without repair, 
damages to the California Aqueduct would impair water exports to major 
demand centers south of the Delta by causing cracks in the structure or 
creating low spots that reduce canal capacity. Increased groundwater 
banking during wet years will likely be needed to reduce land subsidence 
and improve water supply reliability for the San Joaquin River Basin. 

Reliance on Delta Flood Protection Facilities   The Delta, as the heart of 
California’s statewide water supply system, is strongly dependent on flood 
protection facilities. The Delta’s maze of waterways serves as an outlet for 
flood flows and provides water supply for more than 60 percent of the 
State. These waterways are surrounded by more than 1,100 miles of levees 
that protect 57 islands or tracts from flooding while at the same time 
protecting critical transportation, energy, and communications 
infrastructure. If levees from multiple islands were to fail because of an 
earthquake, sea level rise, or increased hydrostatic pressure from Delta land 
subsidence, seawater would be pushed into the Delta and cause a water 
supply emergency that is estimated to cost more than $10 billion (Lund et. 
al, 2008). Delta levee stability is therefore critical to water supply exports 
from the Delta.  
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Recent environmental restrictions on water supply exports from the Delta 
and the risk of a catastrophic levee failure have renewed interest in 
alternative conveyance that would reduce reliance on through-Delta 
conveyance and southern Delta export diversions with upstream diversions. 
The Bay Delta Conservation Plan is an ongoing planning effort to support 
restoration of habitat for Delta fisheries in a way that reliably delivers 
water supplies to water users south of the Delta. The Bay Delta 
Conservation Plan is considering a range of alternatives that would 
combine a Delta conveyance option with compatible restoration 
opportunities, actions to address other stressors, and corresponding 
adaptive management strategies. 

 
 

 
 

 

Climate Change 
While the exact conditions of future climate change remain uncertain, there 
is no doubt about physical changes that have already happened. The 
average early spring snowpack in the Sierra Nevada decreased by about 10 
percent during the last century, a loss of 1.5 million acre-feet of snowpack 
storage (California Natural Resources Agency, 2009a). During the same 
period, sea level rose 7 inches along California’s coast. California’s 
average temperature has risen 1 degree Fahrenheit (°F), mostly at night and 
during the winter, with higher elevations experiencing the highest increase 
(DWR, 2008b). A disturbing pattern has also emerged in flood patterns; 
peak natural flows have increased in many of the State’s rivers during the 
last 50 years (DWR, 2008b). 

 
 

 
 

 

As California’s hydrology evolves, both naturally and with climate change, 
what is currently considered a 100-year flood may strike more often, 
leaving many communities at greater risk. Moreover, as peak flows and 
precipitation change over time, climate change calls into question 
assumptions of “stationarity,”16 which are used in flood-related statistical 
analyses like the 100-year flood. Planners will need to factor new levels of 
robustness and resiliency into design, operation, and regulation of flood 
protection facilities such as dams, floodways, bypasses, and levees, as well 
as design of local sewers and storm drains. 
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Increased temperatures directly impact the health of California’s 
environment and water systems. In addition, increased temperatures are 
altering runoff patterns and sea levels, which will challenge the State’s 
water infrastructure and flood management policies. 

The State has acknowledged the importance of climate change, as 
demonstrated by the passage of Assembly Bill (AB) 32 – the California 
Global Warming Solutions Act, which states, “Global warming poses a 

 
16 Stationarity is an assumption that the mean and variance of historical data do not change 

over time. 
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serious threat to the economic well-being, public health, natural resources, 
and the environment of California.” 

Increasing Temperature   The average temperature in California is 
expected to increase by 2 to 5°F by 2050 because of climate change 
(California Natural Resources Agency, 2009b).  Higher temperatures – 
especially in the summer and over a longer growing season – cause small 
increases in evapotranspiration rates from plants, soils, and open water 
surfaces, including reservoirs.  Higher temperatures overall will also 
increase water temperatures throughout the system, including inflows into 
reservoirs, water stored within reservoirs, and water flowing downstream. 
Such increases will significantly affect ecosystem and human uses of the 
water system (Hanak and Lund, 2008). 

Changes in seasonality, quantity and temperature of water, as well as sea 
level rise, may affect establishment of riparian vegetation, and the quality, 
quantity, and connectivity of terrestrial and aquatic habitat. Most species 
have a range of temperatures in which they thrive. Chinook salmon, in 
particular, generally prefer temperatures of less than 68 °F (Hanak and 
Lund, 2008).  In many streams, cold-water habitat is provided at 
unnaturally low elevations for some salmon runs by releasing cold water 
stored in reservoirs from winter and early spring flows. Rising water 
temperatures will make it increasingly difficult to mitigate for upstream 
storage by providing habitat downstream. Delta smelt require temperatures 
below 68 °F to spawn and rising temperatures would likely decrease the 
spawning season (Bennett, 2005). Impacts on terrestrial ecosystems have 
also been observed in North America, including changes in the timing and 
length of growing season, timing of species life cycles, primary production, 
and species distributions and diversity (CEC, 2009). 

To date, little research has been done on other impacts of water temperature 
increases, although such changes are likely to significantly affect drinking 
water quality, habitats for native species, and agricultural practices. In 
general, higher temperatures are likely to increase chemical reaction rates 
in water, leading to increased rates of algal growth and decay, perhaps 
adding problems and instability to water quality throughout the State. For 
human uses, several water treatment processes are affected by water 
temperature (Hanak and Lund, 2008). Cropping patterns, planting and 
harvest timing, and other agricultural practices may need to be changed to 
adjust to the effects of higher temperatures and increased 
evapotranspiration. 

Runoff Patterns   Rising temperatures will reduce snowpack in 
California’s mountains because more precipitation will fall as rain, and 
snowmelt will occur earlier (Knowles et al., 2006). If overall precipitation 
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patterns do not change, these effects of warming will increase winter runoff 
and decrease spring runoff (Lettenmaier and Gan, 1990). Knowles and 
Cayan (2002) found that the combination of warmer storms and earlier 
snowmelt caused April watershed total-snow accumulation to drop to 95 
percent of present levels by 2030, 64 percent by 2060, and 48 percent by 
2090. 

 
 

 

California’s current water systems are designed and operated to strike a 
balance between water storage for the dry months and flood protection 
during the winter and spring, when heavy rainstorms, runoff, and snowmelt 
can cause downstream flooding. Historically, the snowpack produces about 
15 million acre-feet of runoff slowly over the warming spring and summer 
months (DWR, 2008b). 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. This same infrastructure is also 
used for flood control in the winter and early spring by keeping reservoir 
levels lower. With earlier snowmelt and heavy winter/spring rains possibly 
coinciding, difficult tradeoffs may need to be made between water storage 
and flood protection (California Natural Resources Agency, 2009b). 
Warmer conditions are very likely to result in new juxtapositions of more 
intense flood seasons paired (often in the same year) with much-depleted 
runoff in warm seasons. Increased coordination among water supply, 
hydropower, fish protection, and flood management agencies will likely be 
required. 

 
 

 
 

 
 

 

Reductions in snowpack and shifts from snowfall to rainfall seem likely to 
increase flood peak flows and flood volumes and shift the timing of peak 
runoff due to snowmelt (Miller et al., 2003; Fissekis, 2008). A greater 
proportion of annual runoff has already been occurring earlier in the water 
year (Aguado et al., 1992; Dettinger and Cayan, 1995). For reservoirs that 
lie downstream from significant mountain snowpacks, the resulting shift in 
reservoir inflows could pose major risks for flood control and water supply, 
particularly if reservoir operations are not modified to accommodate the 
new conditions (DWR, 2006; Medellin et al., 2008; Fissekis, 2008). 
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Increased intensity and frequency of major storms, another anticipated 
effect of climate change, would further augment flood problems in 
California (Knox, 1993; Florsheim and Dettinger, 2007). Flood peaks can 
increase erosion rates that result in greater sediment loads and turbidity, 
altering channel shapes and depths, possibly increasing sedimentation 
behind dams and affecting habitat and water quality (DWR, 2008b). 
Increasing temperatures would also increase the frequency and severity of 
wildfires due to drier fuel conditions (California Natural Resources 
Agency, 2009b), which, in turn, result in further increased runoff, erosion, 
and sedimentation. Prolonged droughts interrupted by intensified flooding 
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events may result in increased water quality impacts from pollutants 
(naturally occurring and anthropogenic) in the watershed being carried by 
the runoff. 

Sea Level Rise   Sea levels are rising, and it is generally accepted that this 
trend will continue. However, the exact rate of rise is unknown, because of 
ongoing scientific uncertainty about the melting of ice sheets in western 
Antarctica and Greenland and the potential for abrupt changes in ocean 
conditions. Recent peer-reviewed studies estimate a sea level rise of from 7 
to 55 inches by 2100 along California’s coast (DWR, 2008b). 

The implications of a 7-inch rise are dramatically different than a rate of 
rise toward the upper end of the range. However, even a rise at the lower 
end of this range poses an increased risk of storm surge and flooding for 
California’s coastal residents and infrastructure, including many of the 
State’s wastewater treatment plants (DWR, 2008b).  Historical coastal and 
Bay-Delta structure design criteria may be exceeded by rising sea levels 
(Cayan et al. 2006). New flood control facilities or improvements to 
existing facilities will need to be designed more robustly to account for 
expected sea level rise. 

Moreover, sea level rise can contribute to levee failures in the Delta 
inundating communities, damaging infrastructure, and interrupting water 
supplies throughout the State (Hanak and Lund, 2008).  Roos (2005) 
reports that a 1-foot rise in sea level would increase the frequency of the 
100-year peak high tide to a 10-year event. Impacts associated with a rise 
in sea level would likely be most significant in the Delta, where a rise in 
sea level would increase pressure on levees currently protecting low-lying 
land, much of which is already below sea level. However, many believe 
that because sea level rise occurs gradually, a consistent long-term 
maintenance program would enable levee systems to keep pace. 

Even without levee failures, Delta water supplies and aquatic habitat will 
be affected because of saltwater intrusion. An increase in the penetration of 
seawater into the Delta will further degrade drinking and agricultural water 
quality and alter ecosystem conditions. More freshwater releases from 
upstream reservoirs will be required to repel the sea to maintain salinity 
levels for M&I, and agricultural uses (DWR, 2008b). 

Regional Impacts from Climate Change   In the Upper Sacramento River 
Region, reduced snowpack and more rainfall will impact Shasta Dam 
operations because the reservoir is primarily operated for rainfall runoff. 
The multiple unregulated tributaries in the region without reservoirs will be 
influenced by changes in the timing of inflow. 
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In the Lower Sacramento River Region, multipurpose reservoirs will 
struggle to balance demands for water supply reservation and flood control 
storage.  Folsom Dam is the only reservoir in the region currently designed 
to deal with increased water supply and flood control competition. Climate 
change will also require greater coordination among single-purpose 
reservoirs to share information and integrate operations. Refuge 
management will also be impacted by changes in flow timing and volume. 
Sea level rise will move the Delta further upstream, inundating channels 
and requiring higher, more robust levees.  

 
 

 
 

In the San Joaquin River Basin, climate change would cause a longer 
drought season due to higher temperatures and would increase the 
occurrence of forest fires, which would, in turn, increase runoff, erosion 
and sedimentation in the basin.  Also, reduced snow pack and more rainfall 
would impact Friant Dam operations. 

 
 

In the Delta region, sea level rise would require higher levees because of 
increased flood risk.  Increased velocity from runoff patterns and sea level 
rise will increase sediment transport and change the location of sediment 
deposition. Tidal energy would decrease because of more flooded areas.  
The combination of increased temperature and sea level rise would likely 
alter existing Delta habitats, threatening several Delta species and possibly 
increasing the infestation of invasive species. The location of marsh 
habitat, in particular, would likely move upstream or disappear. 

 
 

 
 

State and Federal Environmental Regulations 
As societal values for ecosystem sustainability have grown, State and 
federal environmental regulations have also increased in size and scope.  
These regulations have served a critical role in attempts to prevent the loss 
of native habitat and species and promote natural physical and biological 
processes. 

2.
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Compliance with environmental regulations poses significant challenges 
for the construction, operation and maintenance of the flood management 
system, especially since most of the system was not designed or built to 
readily accommodate multiple objectives. Multiple State and federal 
permits from multiple agencies are often required for construction of new 
flood control facilities and some routine levee maintenance, such as debris 
and brush removal, levee crack repair, and rodent control. Mitigation is 
often required to offset the take from each flood maintenance activity or 
newly constructed facility on a project by project basis. The numerous 
plans and studies required for compliance can take more than a year to 
obtain, which can constrain the limited budgets and staff of locally funded 
LMAs responsible for maintaining and operating flood control facilities.  
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Recent trends in the permitting and mitigation process have sought to both 
improve regulatory effectiveness and reduce the costs of compliance. The 
trend among Habitat Conservation Plans has been towards programmatic 
and regional approaches to the permitting and mitigation process in place 
of a project by project approach. Programmatic mitigation approaches 
allow fulfillment of mitigation requirements in advance of proposed 
projects. This provides higher biological value from larger, contiguous 
habitat areas, reduces monitoring and management costs, and speeds up 
project approval.  USACE has begun adopting Regional General Permits 
which streamline the regulatory process for activities within a region that 
are similar in nature and cause only minimal individual and cumulative 
adverse impacts.  Also, under development is regional advance mitigation 
planning (RAMP), a new approach to addressing mitigation required by 
infrastructure projects in the State.  RAMP incorporates both a “regional” 
geographic component and an “advance” time frame.  The “regional” 
component will allow State and federal agencies to consider regional 
conservation priorities and evaluate the environmental impacts of several 
planned infrastructure projects at once.  The “advance” time frame will 
identify regional mitigation opportunities that will satisfy anticipated 
mitigation requirements early in the project planning and environmental 
review process.  Several agencies, including DWR, are participating in the 
RAMP Work Group formed in 2008. 

Flood management construction, operation and maintenance practices will 
need to continue to adapt to current and new environmental regulations 
using a variety of structural and nonstructural solutions that provide 
comprehensive, multi-objective benefits.  Trends will likely lead to flood 
management practices that increasingly combine an understanding of 
ecosystem functions with opportunities to increase flood protection. 

Several drivers suggest that environmental regulations will increase, and 
that more sensitive species will require Federal and California ESA 
protections.  Sea level rise, increased temperature, and changes in runoff 
patterns from climate change will impact surface water quality and may 
affect establishment of riparian vegetation. Climate change may also 
impact the quality, quantity and connectivity of terrestrial and aquatic 
habitat.  The water supply needs of future urban development may also 
conflicts with the need for environmental in-stream uses. Assuming 
continued statewide reliance on non-local water sources, water will become 
more scarce and water quality will continue to worsen. The introduction 
and establishment of invasive species could also increase the need for more 
environmental regulations by altering ecosystem habitats and displacing 
sensitive species on the brink of becoming threatened or endangered. These 
factors will increase the stress on habitat and species, and more 
environmental regulation will be required to protect them. 
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Regional Trends in Environmental Regulations   The Upper Sacramento 
River Region contains multiple mitigation banks that serve other regions. 
Environmental mitigation requirements will likely increase demand for 
mitigation banks in this area. A recent safe harbor agreement program has 
been created to cover 222 miles of the Sacramento River from Red Bluff 
Diversion Dam to Verona which will encourage landowners to restore and 
enhance wildlife habitat on their property without fear of being burdened 
with new ESA restrictions. 

 
 

 

In the Lower Sacramento River Region, pressure on anadromous fish 
populations may require restored access to the upper watersheds of the 
American and Yuba rivers, which may result in dam removal. Flood 
managers will need to use floodwater to provide beneficial use for both 
habitat and flood management, such as using flood releases for 
groundwater replenishment and storage.  Development of additional HCPs 
will also increasingly drive future land-use decisions, resulting in more 
open space for mitigation, habitat, and flood storage. 

 
 

 
 

With the large number of flood control and multipurpose reservoirs in the 
Upper San Joaquin River Region, tensions between flood operations and 
their potential impacts to endangered species will likely increase. Water 
rights for Section 215 water17 may require permitting. The spread of 
invasive species such as quagga and zebra mussels could clog pipelines and 
impair the ability of reservoirs to provide adequate flood control. 

 
 

 

In the Lower San Joaquin River Region, environmental regulations could 
both benefit and hinder flood management. Increased regulations to control 
invasive species and support environmental restoration could increase 
channel capacity and floodplain habitat. But environmental regulations also 
increase the complexity and cost of flood system improvements.  
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In the Delta, regulations requiring the creation of brackish marsh would 
have significant effects, including increased wave fetch, the “domino 
effect” of Delta levee collapse, decreases in Delta agricultural production, 
and threats to critical infrastructure (Lower San Joaquin Work Group, 
2009). The importance of the Delta as a diverse ecological habitat, a water 
supply source for the entire State, and the drainage basin for flood flows 
from the Sacramento and San Joaquin rivers, create a complex regulatory 
environment. 

 
17 Section 215 water refers to temporary water supply made available via Section 215 of 

the Reclamation Reform Act of October 12, 1982 (Public Law 97-293, Title II), as 
amended (43 United States Code Section 39000). 
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Water Quality 
The following sections describe factors (temperature, salinity, and 
mercury) that affect water quality and are expected to change in the future. 

Temperature   There are several State and federal water temperature 
requirements in the Sacramento River Basin downstream from existing 
reservoirs. River temperatures are influenced by water temperature from 
reservoir releases, flow volume, natural instream warming, and riverine 
shading. Low flows and higher temperature water released from reservoirs 
can cause river water temperatures to approach critically high levels for 
sustaining juvenile salmon populations (Vermeyen, 1997). 

Temperature requirements impact flood management because they 
influence the timing and amount of upstream reservoir releases. Climate 
change and its impacts on air temperature and runoff patterns will likely 
require reservoir operators to revise operations to meet existing water 
temperature requirements. Higher temperatures overall will likely increase 
water temperatures throughout the system, including inflows into 
reservoirs, water stored within reservoirs, and water flowing downstream. 
Such increases will significantly affect ecosystem and human uses of the 
water system (Hanak and Lund, 2008).  Management operations may 
include revised carryover storage requirements for upstream reservoirs, 
enforceable water temperature requirements in downstream reaches, and 
flexible short- and long-term flow management strategies. 

While riverine vegetation provides ecosystem benefits of riverine habitat 
and shading, vegetation on and around levees can obscure visibility, 
impede access for maintenance and inspection, and hinder emergency flood 
fighting operations. Vegetation also increases the roughness of the land 
surface and could impede flood flows.  In California, USACE has granted a 
temporary exclusion from enforcing the national levee maintenance policy, 
which allows only grass on levees, but not trees or shrubs. But if USACE 
enforces its levee maintenance policy and vegetation is removed, 
temperature requirements will have a greater impact on reservoir operations 
because of the need for more cold water storage to compensate for 
increased water temperature due to tree and shrub removal. 

Salinity   Before construction of today’s water supply and flood control 
facilities, salinity levels in the Delta were lower in the winter and spring 
and higher in the summer and fall (URS, 2007). Today, Delta salinity levels 
are mandated by water quality control regulations that maintain a more 
constant low level of salinity in the south and central Delta for agricultural 
and urban uses (MWH, 2008). Salinity in the Delta is managed by a mix of 
releases from upstream reservoirs, Cross Channel Gate operations, Delta 
outflow, and exports from the Delta (URS, 2007). Similar to temperature 
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requirements, salinity objectives impact flood management because they 
influence the timing and amount of upstream reservoir releases.  

While salinity in the Sacramento River is generally low, salinity continues 
to increase in the San Joaquin River Basin. The accumulation of salts in the 
San Joaquin River Basin is due to a combination of the regional geology, 
high water table, irrigation and drainage practices, importation of water 
from the Delta that is high in salinity, and hydrology.  Salinization caused 
by naturally occurring soil salts is exacerbated by the use of more saline 
Delta water, imported via the Delta-Mendota Canal and California 
Aqueduct. Salts become concentrated in the root zone by evaporation 
through the soil. Farmers actively leach these salts from the soil, and 
drainage water is discharged to San Joaquin River tributaries. A 
preliminary evaluation of salt migration to groundwater in the San Joaquin 
River Basin estimated that more than 400 thousand tons of salt per year 
were being added to the confined aquifer in the San Joaquin River Basin 
(RWQCB, 2006). If current practices for discharging waters containing 
elevated levels of salt continue unabated, a large portion of San Joaquin 
River Basin groundwater could be severely degraded within a few decades 
(RWQCB, 2007). A Total Maximum Daily Load (TMDL) has been 
adopted for salt and boron in the San Joaquin River and the Basin Plan for 
the San Joaquin and Sacramento river basins has been amended to include 
the TMDL. 

 
 

 
 

 
 

 
 

Delta salinity is influenced by tidal exchanges with San Francisco Bay, 
river inflows, diversions, and return flows from agricultural and urbanized 
lands. The north Delta tends to have better water quality primarily because 
of inflow from the Sacramento River. West Delta water quality is strongly 
influenced by tidal exchange with San Francisco Bay. In the south Delta, 
water quality tends to be poorer because of the combination of inflows of 
poorer water quality from the San Joaquin River, discharges from Delta 
islands, and effects of diversions that can sometimes increase seawater 
intrusion from the San Francisco Bay. Because actual flow from the San 
Joaquin River is lower than from the Sacramento River, total dissolved 
solids concentrations in San Joaquin River water average approximately 7 
times those in the Sacramento River (MWH, 2008). 
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Sea level rise from climate change will increase salinities in the Delta, 
unless additional freshwater inflows to the Delta are provided to prevent 
this. In response to expected sea level rise from climate change, Delta 
outflow requirements will likely increase to maintain Delta salinity 
conditions. Natural summer flows will likely be lower, adding to dry 
season water supply and quality problems (DWR, 2009f). Changes in 
reservoir operations and reduced annual snowpack from climate change 
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could result in less water being available in the summer and fall to meet 
Delta outflow and salinity control requirements. 

Mercury   Most of the inorganic mercury entering the Delta comes from 
historic mercury and gold mining operations in the Coast Ranges and Sierra 
Nevada Mountains. Hard rock, placer, and hydraulic mining all used 
mercury to extract gold. Mercury forms an amalgam with gold and is later 
burned off, or volatilized, by a retort process, leaving the gold behind. 

An estimated 26 million pounds of mercury were used to extract gold from 
ore in California (Alpers, 2005).  Of this, an estimated 13 million pounds 
were lost to the environment in mining operations (Churchill, 2000).  In the 
Sacramento and, San Joaquin river basins and Delta, the transport of 
mercury-contaminated water and sediment from historic mercury and gold 
mining areas has contaminated aquatic environments and floodplains far 
downstream (Domagalski, 1998, 2001; Ganguli et al., 2000; Rytuba, 2000). 
Elemental mercury and gold-mercury amalgam are often visible in streams 
draining hydraulically mined areas of the Sierra Nevada and in dredged 
goldfields downstream, such as those on the Yuba and American rivers 
(Michael Hunerlach, USGS, Sacramento, California, unpublished data; 
Rick Humphreys, SWRCB, Sacramento, California, unpublished data 
(Wiener et al., 2003)). The Sacramento River Basin, in particular, was a 
site of intensive historic mining for gold and mercury and is  a significant 
source of mercury and methylmercury in the Delta today (Domagalski, 
2001; Choe and Gill, 2003; Choe et al., 2003). Methylmercury is formed 
from inorganic mercury by anaerobic organisms in natural aquatic 
environments. Restoration projects in the Delta and floodplains have the 
potential to cause mercury methylation.  Cache Creek is cited as the largest 
single contributor of mercury into the Delta and this is reflected in the 
proposed Delta mercury TMDLs (Foe and Croyle, 1998; Domagalski, 
2001). 

Dredging reintroduces mercury to a stream through fine sediment and clay 
particles (Humphreys, 2005) and the mercury can reenter streams as runoff 
when dredge spoils are disposed of on land. Sediments in their natural 
reduced state bind mercury much more effectively than after they have 
become oxidized when exposed to air. Thus, when mercury-contaminated 
sediments are exposed to air and to oxygen-rich surface waters, the bound 
mercury is released to the environment as a solution in the runoff water. 
The present distribution of contaminated sediments extends from small 
streams below mine sites, to extensive alluvial areas in floodplains where 
gold was dredged, downgradient through the Delta and San Francisco Bay 
(Wiener et al., 2003). Mercury-contaminated sediments impact flood 
control because they limit dredging operations. Dredging projects are 
ongoing, continuing activities necessary to remove sediment and improve 
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flood control, keep ship channels open, and control riverbank erosion. The 
average annual sediment load from the Sacramento and San Joaquin rivers 
to San Francisco Bay is estimated to be 8 million cubic yards (Porterfield, 
1980). The Delta, with more than 700 miles of waterways, is a major area 
of dredging activity. 

 
 

Availability of Public Funding for Flood Management System 
Improvements 

 

Funding for the major capital improvement and routine maintenance of the 
flood management system is dependent on public funding generated by 
local, State, and federal sources. There has been a growing recognition that 
funding for flood management in recent years was woefully inadequate 
(DWR, 2005b). Total local and State capital spending for flood 
management from 2001 to 2003 has been in the range of $40 million to $55 
million. A preliminary assessment by DWR (2005b) put investment needs 
at 3 to 4 times that amount during the same period. The Governor’s 
Strategic Growth Plan, coming in the wake of Hurricane Katrina flooding, 
increased spending on flood management, calling for $6 billion in spending 
over 10 years.  While the State increased funding for flood control through 
Propositions 84 and 1E in 2006, the recent economic crisis and limitations 
in local government funding have made financing critical flood control 
infrastructure a major challenge. 
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Local Government   The need for increased funding at the local level to 
deal with a deteriorating flood control infrastructure is particularly great 
(DWR, 2005b). A series of initiatives and laws enacted over the last 3 
decades make it difficult to meet this need. Proposition 13, passed in 1978, 
capped property tax increases at 2 percent per annum for existing 
homeowners, limited assessments to 1 percent of assessed value, and 
authorized reassessments only on resale. It also mandated supermajority 
(two-thirds) voter approval for the passage of special taxes. In 1986, state 
voters passed Proposition 62, a statutory law that mandated that a majority 
of voters within a locality approve any new general local taxes. In 1996, the 
courts declared Proposition 62 constitutional and applicable to all localities 
(Hanak and Reuben, 2006). In that same year, voters passed Proposition 
218, a constitutional amendment that mandated majority votes for general 
taxes, and extended Proposition 13’s supermajority requirement to local 
assessments and nonspecific fees18 (Hanak and Reuben, 2006). 

Flood control charges have been interpreted to fall under Proposition 218’s 
strict voter approval requirements (DWR, 2005b). These supermajority 
requirements put a significant constraint on the ability of local agencies to 
raise flood control funding.  Without new revenue sources, cities will either 

 
18 An alternative is passage by a simple majority of property owners. 
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need to cut back on existing services or fall into noncompliance because of 
a lack of funds19 (Hanak and Reuben, 2006). 

Although some at-risk areas, such as the cities of Sacramento and West 
Sacramento, have been successful in raising funds, California is dotted with 
examples of local bonds that have failed despite high voter approval 
(Hanak, 2009).  Cities for which flood-control bonds have recently failed 
include Burlingame (64 percent) and Orinda (62 percent) in November 
2006 (Hanak, 2009). California is one of only eight states with 
supermajority voter requirements on the passage of local bonds20 (Hanak 
and Reuben, 2006). These restrictions on availability of local funding for 
flood management improvements are likely to continue into the foreseeable 
near future. 

State and Federal Government   Given these constraints on local funding, 
it is not surprising that State bonds – which require a simple majority 
approval – seem like a sound funding alternative. Of the seven state 
infrastructure bonds that passed in the November 2006 and 2008 elections, 
only one – for education – would have passed under local voter rules. This 
is because local school bonds are held to a lower voter approval threshold – 
55 percent rather than two-thirds. Flood risk concerns have stimulated an 
increase in State funding since 2006, through special budget appropriations 
and about $5 billion in new bond funds. As a result, State spending on 
flood works has overtaken federal funding from its traditional source, 
USACE (Hanak, 2009). 

State and federal funding have a profound effect on the ability of local 
agencies to operate, manage, and improve their flood protection systems. 
But responsibility for flood control funding is now shifting away from State 
and federal governments and toward local agencies. Per the WRDA of 
1996, the federal government reduced the maximum that it would pay for 
the cost of new flood control projects, from 75 percent to 65 percent of the 
total project cost. It is expected that flood control projects will require an 
increasingly greater cost share from local agencies. This financial strategy 
is intended to distribute the costs of flood control measures among those 
that benefit from them, thus relieving the general taxpayer of the burden. 

Furthermore, both the State and federal government are in worse financial 
shape than they were a few years ago. The State’s recent fiscal crisis has 
decreased the general fund’s allocations for flood maintenance, 
improvements, and management activities (DWR, 2005b). It seems 
unlikely that the State government will have, at any time in the near future, 
                                                           
19 See Hanak and Barbour (2005) for some cost estimates. 
20 Missouri and North Dakota also require a two-thirds majority to pass local debt, and 

Idaho, Iowa, Oklahoma, Washington, and West Virginia require a three-fifths vote. 
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a ready supply of general fund money to invest in new flood control 
ventures (Misczynski, 2009).  

Even when State and federal funding is available, local agencies must 
undergo a rigorous process to apply for eligibility. Local agencies cannot 
access State or federal cost-sharing funds unless they apply for a Section 
104 federal credit. Under Section 104, Public Law 99-662, nonfederal 
sponsors constructing a flood control project must prove that the project is 
compatible with a future federal project. Local agencies must also comply 
with Section 14 of the Rivers and Harbors Act of 1899 (33 United States 
Code (USC) 408), which grants permission for the temporary occupation or 
use of any sea wall, bulkhead, jetty, dike, levee, wharf, pier, or other work 
built by the United States. 

 
 

 
 

Delta Region Public Funding Issues   More than 700 miles of Delta 
levees are now maintained by local special districts, including RDs, LDs, 
and flood control and drainage districts. About 385 miles of these levees 
are part of the SRFCP overseen by USACE and are eligible for financial 
assistance from USACE. The State has provided grants to help local 
agencies maintain and improve their levees since 1973, and recent State 
general obligation bond acts have substantially increased the money 
available in the past few years (Propositions 84 and 1E in 2006). But the 
existing financing structure will likely struggle to bring Delta levees to 
minimally reasonable standards of protection. Furthermore, costs of 
reasonable protection will almost certainly increase with the expectations 
of a rising sea level, and could rise considerably should a large earthquake 
occur in or near the Delta. 

 
 

 
 

 
2.

2.
2 

The Delta Levees Maintenance Subventions Program provides financial 
assistance to local LMAs for the maintenance and rehabilitation of non-
project levees in the Delta since 1973. It is authorized in the California 
Water Code, Sections 12980 thru 12995. The intent of Legislature, as 
stated in the Water Code, is to preserve the Delta as much as it exists at the 
present time. The program is under the authority of the Board and is 
managed by DWR. Water Code Section 12987 calls on DWR to prioritize 
the islands for receipt of grant funds through the program and recommend 
the prioritization to the Board. The Board reviews and approves the 
Department's recommendation and enters into an agreement with RDs to 
reimburse eligible costs. 

 
 

 

 

The amount of money available remains modest relative to “need,” and 
many local levee maintenance agencies are unable to raise the local 
matching funds required by the propositions (Misczynski, 2009). The 
problem is compounded because in many cases, the cost of levee 
improvements exceeds the value of the land and assets protected (Lund et 
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al., 2008). Because of restrictions on development in the Delta Primary 
Zone, development fees to support flood management improvements are 
also unavailable.  

The trend in declining available public funding for flood management 
improvements is likely to continue, especially with regard to locally 
generated funding. 
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2.2.3 Likely Changes in Conditions Through 2050  

Predicting future changes to the physical, biological, social, and economic 
environments is complicated by various flood management, ecosystem 
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). The 
following is a brief description of the likely changes future conditions. 

 
 

 
 

Physical Conditions 
Basic physical conditions are expected to remain relatively unchanged in 
the future. No major changes to area topography, geology, or soils are 
foreseen. Continued development in urban and suburban areas is expected. 
Current agricultural-to-urban land conversion trends in the Central Valley 
and around existing Delta communities will likely continue. 

 
 

 

Ongoing restoration efforts along rivers are expected to marginally improve 
natural riverine processes and rivers’ abilities to meander. Restoring 
floodplain processes will also provide some flood protection. Without 
major levee realignments, the geomorphology of the Sacramento and San 
Joaquin river basins would remain similar to present conditions. In areas 
where the rivers are not confined by geological or man-made formations 
and are given space to meander, more natural river channel meander and 
migration patterns would occur as a result of geomorphic processes. 

 
 

 

Without major physical changes to the river systems, hydrologic conditions 
will probably remain unchanged. The region’s hydrology could be altered 
should there be significant changes in global climatic conditions. A trend of 
decline in the portion of annual precipitation stored as snowpack would 
likely occur. A potential increase in the variability of precipitation and 
runoff could have an effect on flood hydrology and on water supply within 
the Sacramento and San Joaquin river basins and the State. Without major 
changes in hydrology, topography, or geology, sedimentation and erosion 
patterns are also likely to remain unchanged. 

2.
2.

3 
 

 

 

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 major stream systems, and to control 
the levels and types of herbicides, fungicides, and pesticides that can be 

March 2010 2-275 



2012 Central Valley Flood Protection Plan 
Regional Conditions Report – A Working Document 

used in the environment. Sea level rise would increase saltwater intrusion 
into the Delta degrading water quality and affecting water management in 
the Delta. 

As the population continues to grow and agricultural lands are converted to 
urban and industrial uses, a general degradation of air quality conditions 
could occur. However, because of technological innovation and stringent 
regulations, air quality could improve over time. 

Similar types and sources of hazardous materials and waste are likely to be 
present in the future. However, an increasing population will likely 
increase the potential for hazardous waste storage, disposing, and handling 
issues. 

Infrastructure 
Urban development within floodplains will increase the need for flood 
management infrastructure.  Urban development that is near existing flood 
management facilities will limit opportunities for infrastructure 
improvements. The cost and time necessary to conduct routine levee 
maintenance will remain high. Compliance with environmental regulations 
will continue to drive where and when construction of new flood control 
facilities can occur. 

Biological Conditions 
Efforts are underway by numerous agencies and groups to restore various 
biological conditions throughout the Sacramento and San Joaquin river 
basins. Accordingly, major areas of wildlife habitat, including wetlands and 
riparian vegetation areas, are expected to be protected and restored. While 
regional habitat planning initiatives exist, such as the Central Valley Joint 
Venture, most habitat improvement will be based on separate opportunities 
that are not integrated in a single plan. While many have visions for an 
integrated ecosystem plan, they lack authority to significantly alter the river 
system because of its flood management function. Therefore, ongoing 
restoration will likely provide localized benefits. In addition, as population 
and urban growth continues and land uses are converted to urban centers, 
many wildlife and plant species especially dependent on woodland, oak 
woodland, and grassland habitats may be adversely affected. 

Through ongoing efforts of various agencies and groups, populations of 
special-status species in the riverine and nearby areas are estimated to 
generally remain as under existing conditions. Although increases in 
anadromous and resident fish populations could occur through 
implementation of various ongoing restoration projects, some degradation 
will likely occur through actions that reduce flows or elevate water 
temperatures.  
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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 and 
increased global competition in the agricultural sector will 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. Further, the increasing population will increase the potential 
for hazardous, toxic, and radiologic waste issues in the future. Modification 
of existing traffic corridors and construction of new transportation routes 
likely will occur, further connecting anticipated population growth centers 
in the Central Valley. 

Anticipated increases in population also will have impacts on visual 
resources, as areas of open space are converted to urban uses. 

Cultural Resources 
Paleontological, historic, archaeological, or ethnographic resources 
currently being affected by flooding, erosion, urban and agricultural 
development, and rodent intrusion would continue to be impacted. 
However, no changes in Native American groups or Indian Trust Assets are 
anticipated. 
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2.3 Pending Projects and Programs 

Present and reasonably foreseeable (probable) projects are those projects 
that are currently under construction, approved for construction, or in final 
stages of formal planning and environmental compliance and will be 
completed before the succeeding CVFPP update in 2017. 

Based on this review, the effects of the following actions were qualitatively 
considered in the assessment of the existing conditions. This list includes 
major flood protection facilities, resource management and restoration, 
water supply and quality, transportation, development, and emergency 
response. 

2.3.1 Early Implementation Program 
DWR has been given authority under Proposition 1E to make funds 
available for flood protection work to local agencies (State, 2007b). 
Projects that are funded by the Early Implementation Program (EIP)21 are: 

• American River Watershed, Folsom Dam Raise Project 

• Feather River Levee Improvement Project 

• Lower Feather River Setback Levee at Star Bend Modification 

• Mid-Valley Levee Reconstruction Project 

• Natomas Cross Canal South Levee Improvement Project, Phases 1, 1B 
and 2 

• Sutter Bypass East Borrow Canal Water Control Structures 

• Sutter Bypass Pumping Plants Control Systems Upgrade Project 

• The Bear River North Levee Rehabilitation Project 

• Tisdale Bypass Channel Rehabilitation 

• West Sacramento Project 

                                                           
21 Descriptions of each of these projects may be found at 

http://bondaccountability.resources.ca.gov/plevel1.aspx?id=88 
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Sacramento River Basin Projects 
Sacramento Area Flood Control Agency Projects   The City of 
Sacramento, the County of Sacramento, the County of Sutter, the American 
River Flood Control District, and RD 1000 created Sacramento Area Flood 
Control Agency (SAFCA) through a Joint Exercise of Powers Agreement 
to provide the Sacramento region with increased flood protection along the 
American and Sacramento rivers (SAFCA, 2008). SAFCA projects that are 
under construction, or will be constructed by 2015 include: 

 
 

 

• Folsom Dam Joint Federal Project – This USACE project consists of 
a six-gated control structure, a 2,100-foot spillway with a stilling basin, 
and an approach channel in the reservoir leading to the control 
structure. Phase 2 is expected to be completed in fall 2010 and consists 
of excavating the spillway downstream of the proposed gated structure. 
The gated control structure, Phase 3, should be completed in 2015 
(SAFCA, 2008). 

 
 

 
 

• American River Common Features Project – This project is 
designed to strengthen American River levees so they can safely pass a 
flow of 160,000 cfs.  The project has installed approximately 23 miles 
of slurry wall, raised levees to provide adequate freeboard, addressed 
slope stability issues, and corrected some erosion problems (SAFCA, 
2008). Most phases of the projects are completed, but construction of 
the remaining project phases should be completed by summer 2010. 

 
 

 

• Natomas Levee Improvement Program – This project consists of 
early implementation (2008 through 2010) improvements to the 
perimeter levee system of the Natomas Basin in Sutter and Sacramento 
counties and modification of associated landscaping and 
irrigation/drainage infrastructure (SAFCA, 2008). The remaining 
improvements are expected to be completed by 2015. 

 
 

 

• South Sacramento Streams Project – This project consists of levee 
improvements starting south of the town of Freeport and running 
easterly along the southern edge of the urbanized area (SAFCA, 2008). 
Construction is in progress and is expected to be completed by 2012. 2.

3.
1 

 
• Mayhew Levee Improvement Project – USACE, along with the 

Board and SAFCA, is constructing flood improvements for the 
Mayhew Levee and Drain. Construction involving raising and widening 
the existing levee is complete and the Mayhew Drain Closure Structure 
is near completion (SAFCA, 2008).  

• Sacramento Bank Protection Project – This program addresses long-
term erosion protection along the Sacramento River and its tributaries. 
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The proposed project consists of implementing bank protection 
measures at up to 15,646 linear feet of levees along the Sacramento 
River and tributaries during 2009 and 2010. (SAFCA, 2008). 

Yolo County/West Sacramento City Flood Projection Projects   The 
following are flood control projects in Yolo County and the City of West 
Sacramento: 

• Sacramento River West Bank Integrated Project – The Sacramento 
River West Bank Integrated Project is designed to improve the 
management of public safety infrastructure and public benefits of water 
resources on the west side of the Sacramento River in Yolo County. 
The project aims to reduce the risk of flooding by collaborating on 
levee rehabilitation, levee maintenance, and storm drainage 
improvements, while enhancing water quality, habitat, and water-based 
recreation. The actions incorporated in the integrated project apply to 
the geographic sub-area that includes the portion of the west bank and 
levee of the Sacramento River in Yolo County, the City of West 
Sacramento, Knights Landing, and Clarksburg, and the basin 
surrounded by levees between the Deep Water Ship Channel and the 
Sacramento River. 

• Knights Landing Levee Improvement Project – Levee improvements 
to address through seepage and underseepage problems are needed, as 
well as repair of a critical erosion site. Through seepage can be 
addressed through construction of the Mid-Valley Project, a multiple-
phase USACE project. Underseepage can only be addressed once levee 
integrity studies are completed that will identify needed improvements. 
Originally planned actions have been completed, but possible new sites 
are being considered with contracts expecting to go out in fall 2009 
(WRA, 2005). 

• Deep Water Ship Canal Navigation Levee Repair – USACE will 
correct deficiencies, protect against underseepage, and maintain the 
Deep Water Ship Channel levees to current standards for FEMA 100-
year and urban levee 200-year levels of flood protection. This will also 
include completing the deepening and widening of the navigation 
channel to authorized depth and improving navigation. Currently the 
project is in the design phase, but should be built by 2015 (WRA, 
2005). 

• Sacramento Bypass-Yolo Bypass Levee Repair – Physical 
improvements may include restoration and armoring of waterside levee 
slopes, increased levee height through crown raising or crown top 
walls, slurry cutoff walls in the levee prism, seepage blankets on the 
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levee landside, or levee setbacks.  The project is expected to be ready 
for implementation by 2010 (WRA, 2005).  

• West Sacramento South Cross Levee Repair – This USACE project 
aims to construct levee improvements as soon as possible to reduce 
flood risk and provide recreational and open space elements for the city 
that are compatible with flood improvement actions. An Environmental 
Impact Statement/Environmental Impact Report is being prepared for 
the alteration of an existing flood control structure. Construction should 
take place in spring 2010 (Federal Register, 2009). 

 
 

 

• Ongoing Levee Maintenance and Critical Repair Program – This 
annual program of levee maintenance and repair at critical erosion sites 
is implementing Public Law 84-99. Identified sites have been 
undergoing repairs (WRA, 2005). 

 
 

• Sacramento River Levee Rehabilitation Project – In West 
Sacramento, improvements include emergency repairs at two critical 
erosion sites at RM 56.0 and RM 56.7, and non-emergency repairs at 
RM 57, RM 55.8, and RM 53.5. In Merritt Island, this project addresses 
erosion control and levee improvements on the Sacramento River levee, 
as identified by RD 150. Funding is being requested for implementation 
of improvements identified during 2006 analyses of seepage problems. 
The project should be ready for implementation by 2010 (WRA, 2005, 
2007). 

 
 

 
 

• Lower Cache Creek Feasibility Study – The City of Woodland, 
County of Yolo, and the Yolo County Flood Control & Water 
Conservation District, through their FloodSAFE Yolo Pilot Program, 
are working with the USACE and DWR to continue the feasibility 
investigation to reduce the flood risk to Woodland and local and State 
highway infrastructure.  The flooding in the area has been exacerbated 
by construction of improvements to the Cache Creek Settling Basin to 
maintain the flood conveyance integrity of the Yolo Bypass to 
minimize the risk of flooding in Sacramento.  Local interests envision a 
project involving the relocation and strengthening of levees and 
creating a floodway to recover flood conveyance directly to the Yolo 
Bypass. 

 
 

 
2.

3.
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Three Rivers Levee Improvement Authority Projects   Yuba County 
and RD 784 created Three Rivers Levee Improvement Authority (TRLIA) 
to achieve 200-year flood protection for southern Yuba County.  More than 
11 miles of levees have already been constructed and are certified to meet 
FEMA by requirements by the USACE. Funding for the improvements is 
provided by the State (Proposition 13 and Proposition 1E), local 
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developers/landowners, local development fees, RD 784, Yuba County, 
and the YCWA (TRLIA, 2009). The following are projects that are under 
construction, or will be constructed by 2015: 

• Feather River Levee Improvements – These will improve local and 
regional flood protection by widening the floodway. Construction on 
Segments 1 (Bear River to Star Bend) and 3 (Shanghai Bend to Yuba 
River) have been completed. Segment 2 (Star Bend to Shanghai Bend) 
is expected to be completed by late 2009 (TRLIA, 2009). There may be 
opportunities to create habitat with the addition of a setback levee. 

• Upper Yuba River Levee Improvement Project – This Project will 
address recently identified through and underseepage deficiencies, 
levee geometry correction and waterside slope protection of the Yuba 
River south levee system. Construction is planned for 2010 (Board, 
2009a). 

Yuba River Basin Project   YCWA and USACE are heading this project 
that includes construction of 6.7 miles of slurry walls, deepening of 9 miles 
of interior toe drains, and construction/modification of 9.5 miles of berms 
along sections of the Yuba and Feather rivers and construction of 5 miles of 
slurry walls and berms along the ring levee around Marysville (Board, 
2009b). This will provide a 300-year level of flood protection for 
Marysville and 200-year level of protection to Linda, Olivehurst, and 
Arboga. Because of the imminent flood risk, the State and local interests 
have begun advance construction repairs and improvements, excluding the 
Marysville Ring Levee.  All of the repairs and improvements by the non-
federal interests have been or will be reviewed, inspected, and certified by 
USACE (Board, 2009b). Construction of the Marysville levee 
improvements is scheduled to start in 2010. An Engineering 
Documentation Report and Post-Authorization Decision Document are 
being prepared to document updates in design, costs, benefits, and 
environmental effects. 

Yuba-Feather Supplemental Flood Protection Project   YCWA and 
DWR are responsible for this project, which includes the New Colgate 
Powerhouse Tailwater Depression, Forecast-Coordinated Operations of 
Lake Oroville and New Bullards Bar Reservoir for Major Storms, New 
Bullards Bar Reservoir Outlet Capacity Increase, Feather River Levee 
Setback, and the Feather-Bear Rivers Levee Setback Project. The following 
are projects that are under construction, or will be constructed by 2015: 

• New Bullards Bar Reservoir Outlet Capacity Increase – This will 
add a new upper-level outlet works at New Bullards Bar Reservoir to 
increase flood-release capability. This will provide the ability to reduce 
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peak flood flows downstream during major storms by providing for the 
early release of more water than can be released with the existing outlet 
(DWR, 2005a). Due to lack of funding, this project has not progressed 
beyond the preliminary design phase. 

 
 

• Colgate Powerhouse Tailwater Depression – This project will allow 
the powerhouse to operate at high water levels to provide operational 
flexibility in releasing additional flows from New Bullards Bar 
Reservoir (DWR, 2005a). Due to lack of funding, this project has not 
progressed beyond the preliminary design phase. 

 
 

• Forecast-coordinated Operations of Lake Oroville and New 
Bullards Bar Reservoir program – USACE, DWR, YCWA, and 
NOAA are leading this program. It will improve flood protection and 
better protect life and property for communities along and downstream 
from the Yuba and Feather rivers without impacting upstream 
reservoirs via improved river flow forecasting and coordination 
between Lake Oroville and New Bullards Bar Reservoir flood 
operations (DWR, 2005a).  Work on this multi-year program began in 
2005.  During the first 2 years of implementation, 19 remote gauging 
stations were installed with telemetry systems that transmit data to the 
CDEC.  The third-year effort focuses primarily on developing a robust 
reservoir operations model and integrating the model with the National 
Weather Service River Forecasting Center system (YCWA, 2008). 

 
 

 
 

 
 

• Feather River Levee Setback – The Feather River Levee Setback 
element will entail setting back the east Feather River levee for 8.6 
miles in two segments between Shanghai Bend and the Bear River 
(above Star Bend and below Star Bend) and removing most of the 
existing levee in those segments. This levee setback would increase 
flood protection by lowering the flood stages near Marysville, Linda, 
Olivehurst, and Yuba City and would provide greater security because 
the levees would be well designed and constructed using modern 
analyses and construction methods. For portions of the setback areas, 
particularly areas where continued farming would not be practical, 
riparian habitat restoration/enhancement would take place (DWR, 
2005a). 

 
 

 
2.

3.
1 

 

• Feather-Bear Rivers Levee Setback Project – The Feather-Bear 
Rivers Levee Setback Project will entail setting back the right (north) 
levee of the Bear River between SR 70 and the Feather/Bear River 
confluence, removing an orchard from the Bear River floodway, and 
restoring habitat in the expanded floodway area between the existing 
and setback levee alignments. The project would enhance flood 
protection for Yuba and Sutter counties by addressing identified 
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deficiencies of the lower Bear River levee and lowering upstream water 
surface elevations. It would also enhance fish and wildlife habitat in the 
project area. The western end of the proposed setback levee overlaps 
the project area considered for the segment of the Feather River Levee 
Setback element below Star Bend (see description above). If the project 
is implemented, the Feather River Levee Setback segment below Star 
Bend is unlikely to be pursued in the future (DWR, 2005a). 

Feather River Improvements at Abbott Lake Unit and Nelson Slough 
Unit   Wildlife Conservation Board, Ducks Unlimited, and DFG are 
leading the project to restore and enhance the riparian habitat at the Abbott 
Lake Unit and Nelson Slough Unit of the Feather River State Wildlife 
Area. The proposed habitat restoration project will improve the long-term 
management of the floodway by developing a planting plan that enhances 
water flow and reduces long-term maintenance costs. It is currently 
scheduled to be completed in 2010 (River Partners, 2009). 

West Bank Feather River Restoration   As part of the Feather River 
Levees Early Implementation Project, Sutter-Butte Flood Control Agency 
is leading the effort to explore the feasibility of repairing and improving the 
west bank of the Feather River to its original design from the Thermalito to 
Yuba City. It is possible that construction will take place by 2015 (Butte 
County, 2008). 

Lower Deer Creek Restoration and Flood Management Project   Deer 
Creek Watershed Conservancy, with the support of Tehama County, is the 
lead on this project. The project will reduce flooding by setting back two 
600-foot sections on each side of the Deer Creek Levee System project 
levee to greatly widen and enhance the floodplain, reduce channel 
degradation, and improve aquatic and terrestrial habitat.  This levee has 
failed repeatedly and had a 1,200-foot breach in 1997. The project has the 
support of State and federal agencies, land owners, and local government.  
The feasibility study and preliminary design have been completed and a 
preferred alternative has been selected.  

Middle Creek Flood Damage Reduction and Ecosystem Restoration 
Project   This project, led by USACE and Lake County, will eliminate 
flood risk to 18 residential structures, numerous outbuildings and 
approximately 1,650 acres of agricultural land, and will restore damaged 
habitat and the water quality of the Clear Lake watershed. Restoring this 
area to a functional wetland is expected to improve basin health and the 
water quality of Clear Lake (County of Lake, 2007).  The project was 
authorized on the State level with AB 74 and signed by Governor 
Schwarzenegger on October 11, 2009. Some property has been purchased, 
and flood risk to seven structures has been reduced to zero.  Funds have 
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been on hold since December 2008 due to State budget issues and the 
inability to sell sufficient bonds.  Construction is expected to begin in 2015.  

Hamilton City Flood Damage Reduction and Ecosystem Restoration   
USACE and Reclamation are leading this effort that includes constructing a 
setback levee, removing most of the existing private ”J” levee, and actively 
restoring more than 1,000 acres of native vegetation. Construction should 
tentatively begin in 2009 (Board 2007, USACE 2004). 

 
 

Woodson Bridge/Kopta Slough Restoration Project   DWR, along with 
project partners (Tehama County, Sacramento River Conservation Area 
Forum, State Parks, the Nature Conservancy, City of Corning, and 
USACE), is responsible for this project that could include the removal of 
5,600 feet of rock revetment along the Kopta Slough property and 
placement of rock to protect the west abutment of Woodson Bridge and the 
City of Corning Sewer Outfall (Sacramento River, 2008). The hydraulic 
analysis, conceptual design, and preliminary cost estimate report is 
currently being completed.  DWR will use this report to complete the 
geomorphic analysis and the remainder of the feasibility study. DWR will 
need to seek further funding from its flood programs and work with the 
other funding partners to solidify other sources of funding for this phase of 
work. 

 
 

 
 

 
 

Mace Boulevard Bridge Improvement Project   Lower Putah Creek 
Coordinating Committee is leading the project to increase capacity under 
the Mace Boulevard Bridge over Putah Creek east of Davis. Hydrologic 
studies would be required to determine the appropriate capacity (WRA, 
2005).  Construction is expected to be complete by 2010. 

 
 

The Sutter Basin Feasibility Study   The Sutter Basin Feasibility Study, 
jointly sponsored by DWR, the Board, and USACE, is evaluating 
alternatives to lessen the risk of flooding in Yuba City, Live Oak, Gridley, 
and Biggs in Sutter and Butte counties.  DWR and Sutter Butte Flood 
Control Agency are the joint non-federal sponsors for the study.  The Sutter 
Butte Flood Control Agency is a joint exercise of powers agency formed in 
December 2007 to plan, finance, and construct flood control improvements 
within the Sutter and Yuba City basins. 

 
 

2.
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San Joaquin River Basin Projects 
Mossdale (RD17) 100-Year Levee Seepage Project   DWR, USACE and 
RD 17 will conduct levee improvements on levee reaches in RD 17 for 
underseepage control. Eight of the nine Phase II reaches consist of 
construction of seepage berms along the landside levee toe. The other reach 
would have various maintenance and site cleanup activities. The project has 
an approved negative declaration with an Environmental Impact Report 
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underway. Phase II construction will begin in August 2009 and be 
completed no later than December 2009 (EDAW, 2009). 

Arroyo Pasajero Flood Control Project   Westlands Water District, 
DWR, and USACE are heading the Arroyo Pasajero Flood Control Project. 
This project will modify existing features and construct new facilities to 
better control periodically inundating flows. Construction is expected to 
begin in 2010 (SLDMWA, 2006). It includes the following project 
features: 

• Enlargement of the Westside Retention Basin 

• Construction of a siphon under or a flume across the California 
Aqueduct to prevent flows from entering the aqueduct 

• Construction of a diversion channel to convey water from the 
California Aqueduct to a detention basin 

• Construction of an eastside detention basin on lands that Westlands 
Water District has acquired or will acquire in the future 

Cosgrove Creek Flood Control Project   Cosgrove Creek Flood Control 
Project is led by Calaveras County Water District and USACE. It would 
include construction of a 50-acre retention basin off Hogan Dam Road, 
which would capture and slowly dispose of floodwaters. Construction may 
begin in 2010 (Baptista, 2007; Lungren, 2009). 

San Joaquin River Restoration Program   The San Joaquin River 
Restoration is a joint effort by Reclamation, USFWS, NOAA National 
Marine Fisheries Services, DWR, and DFG. The goals are to restore and 
maintain fish populations in good condition in the main stem of the San 
Joaquin River and to reduce or avoid adverse water supply impacts to 
Friant Division long-term contractors. The San Joaquin River Restoration 
Settlement Act (Public Law 111-11) was signed into law on March 30, 
2009, and authorized federal agencies to implement the Settlement. The 
Settlement identifies several projects to be completed by 2015, including 
the release of flows, which began in October 2009 (SJRRP, 2009). 

Regional Transportation Plan (2007)   San Joaquin County COG is the 
lead agency for the major planning document produced for the San Joaquin 
County region to guide the region's transportation development over a 20-
year period. Short-range plans will be implemented between 2007 to 2019 
and include work on Interstate 205 and SR 99, SR 120, SR 12, and SR 4 
(San Joaquin Council of Governments, 2007). 
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Lower San Joaquin River Feasibility Study   The San Joaquin Area 
Flood Control Agency and USACE have initiated the Lower San Joaquin 
River Feasibility Study, which will investigate flood damage reduction 
alternatives along existing levees on the lower San Joaquin River from 
Lathrop to White Slough, including levees along major tributary channels 
entering from the east. Study alternatives may include levee strengthening 
measures, setback levees, flood bypasses, and reservoir reoperation. The 
feasibility study is an extension of the Lower San Joaquin River 
Reconnaissance Study completed in 2004 (USACE, 2002). 

 
 

 
 

Delta Projects 
Delta Levee System Integrity Program   The Delta Levee System 
Integrity Program manages risks associated with fragile levee reaches in 
the Delta via construction projects and other programs, such as emergency 
response planning. It quickly implements high-priority levee reconstruction 
projects to reduce risk of catastrophic levee failure, ecosystem restoration, 
water quality, water supply, conveyance, and beneficial reuse of dredged 
materials. This includes the Mayberry Slough Setback Levee Habitat 
Project on Sherman Island. Construction is expected to be completed by 
December 2009 and will increase levee stability while providing an 
intertidal and riparian habitat (State, 2007a). 

 
 

 
 

 

Delta Levees Special Flood Control Projects and Delta Levees 
Maintenance Subventions Program   DWR provides financial assistance 
to local LMAs for rehabilitation of levees in the Delta.  The program 
presently focuses on flood control projects and related habitat projects for 
eight western Delta islands – Bethel, Bradford, Holland, Hotchkiss, Jersey, 
Sherman, Twitchell and Webb islands – and for the towns of Thornton and 
Walnut Grove (DWR, 2009a; DWR, 2009b). 

 
 

 

Delta Risk Management Strategy   The Delta Risk Management Strategy 
(DRMS) Project analyzes the risks and consequences of levee failure in the 
Delta Region under current management practices and regulatory 
requirements.  The Phase 1 analysis considered current and future risks 
from earthquakes, high-water conditions, climate change, subsidence, dry 
weather events, and a combination of these factors. The analysis also 
estimated the consequences of levee failures to the local and State 
economy, public health and safety, and the environment. Various scenarios 
to reduce the risks and consequences of levee failure are considered in 
Phase 2 of the DRMS Project. 

 
2.

3.
1 

 

Delta Islands and Levees Feasibility Study   The Delta Islands and 
Levees Feasibility Study will determine the federal interest in providing 
flood damage reduction, ecosystem restoration, and recreation 
improvements in the Delta, and will build upon the information and 
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strategies generated by the State's ongoing DRMS Project. The study will 
incorporate DRMS Project findings and build on the State’s work to 
determine how USACE can contribute to flood management efforts in the 
region. 

Cross Levee Between RD 2107 (Mossdale) and RD 2062 (Stewart 
Tract)   Currently a railroad embankment separates the two reclamation 
districts on the Stewart Tract. A new non-federal levee will be constructed 
that will provide a 200-year barrier between the two districts. Because RD 
2107 has previously flooded and caused the embankment to fail, a 
removable levee will be constructed along the RD 2107 levee on Paradise 
Cut, which will allow flood waters to flow into Paradise Cut in the event of 
a failure in RD 2107. This removable levee will mitigate against any 
increased flood water elevation or duration that could have occurred with 
the new barrier between the districts (Board, 2006). 

Paradise Cut Expansion   Reclamation is leading the Paradise Cut 
Expansion on the north bank. This is part of RD 2107 Floodway Protection, 
Eco-Restoration and Agricultural Preservation Project. Paradise Cut 
currently does not carry designed flood flows.  To help correct this 
deficiency, a 40-acre silt bench downstream from the Paradise Weir will be 
lowered by 5 feet, which will allow more flow into Paradise Cut. The 
additional flood volume will be accommodated by widening the Paradise 
Cut bypass by setting back the levees on the north bank of the Cut 
approximately 900 to 1,200 feet. A total of 4 miles of levees will be set 
back (DWR, 1998). 

North Delta Flood Control and Ecosystem Restoration Project   DWR 
and The Nature Conservancy are leading a multiobjective restoration 
planning, design and monitoring program that covers 1,600 acres of land. 
Future planning and permitting for this project is proceeding as part of 
North Delta Improvements Project. Through the North Delta Flood Control 
and Ecosystem Restoration Project, DWR aims to control flood water 
through McCormack-Williamson Tract to minimize the surge, provide 
flood control benefits by achieving stage reductions, and reduce risk of 
catastrophic levees failures. Construction is expected to be completed by 
spring 2012 (Water Education Foundation, 2009). 

Dutch Slough Tidal Restoration Project   This project aims to provide 
large-scale tidal marsh restoration, reestablish natural ecological processes 
and habitats, and provide shoreline access and educational and recreational 
opportunities. It will additionally be designed and implemented to 
maximize opportunities to assess the development of those habitats and 
measure ecosystem responses to improve the success of future Delta 
restoration projects. This project is being implemented by DWR, CALFED, 
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the California State Coastal Conservancy (Conservancy), and the City of 
Oakley. A draft Environmental Impact Report was released in November 
2008 (DWR, 200b). 

 
 

Mayberry Farms, Farm Scale Tule Project   This DWR-led project will 
create a permanent wetland for waterfowl on Sherman Island to reduce 
subsidence and sequester carbon. The land identified on Sherman Island is 
a 307-acre parcel currently owned by DWR. Full project construction is 
expected to being in 2009 (DWR, 2009c). 

 
 

Meins Landing Habitat Enhancement/Mitigation   This DWR-led 
restoration project is part of a comprehensive effort to achieve the tidal 
wetland restoration goals identified in the Habitat Preservation and 
Restoration Plan for the Suisun Marsh. Restoration activities are expected 
to begin in 2011 (DWR, 2009c). 

 
 

Farm Scale Rice Pilot Project   DWR is currently implementing a pilot 
project that will provide an opportunity to evaluate the effectiveness of 
subsidence reversal via growing rice while considering water quality, 
farming, and best management practices (BMP). The data analyzed during 
this project will help develop recommendations on how this method can be 
applied to reduce subsidence and sequester carbon. The project is expected 
to be completed by 2014 (DWR, 2009c). 

 
 

 

Liberty Island Conservation Bank   RD 2093 is the lead agency for this 
project. Formation of this conservation bank will preserve, enhance, and 
restore 165.7 acres of habitat for native fish species. The project is 
sponsored by Wildlands. Construction is expected to occur in 2009 (ICF 
Jones and Stokes, 2009). 

 
 

 

Franks Tract Project   The Franks Tract Project is designed to protect fish 
resources and reduce seawater salinity intrusion into the Delta. DWR and 
Reclamation are evaluating installing operable gates to control the flow of 
water at key locations (Threemile Slough and/or West False River) to limit 
the entry of certain fish species of concern and higher salinity water into 
Franks Tract. In addition to improving water quality, the gates would limit 
migration of fish species of concern into the central and south Delta where 
their survival rates are reduced. By protecting fish resources, this project 
also would improve operational reliability of the SWP and CVP because 
water export restrictions would be less frequent. Construction will begin in 
spring 2010 (DWR, 2008c). 

 
2.
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South Delta Improvements Project   DWR and Reclamation are 
responsible for implementing CALFED’s South Delta Improvements 
Program in the Delta. This program includes a series of proposed actions 
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designed to improve water quality and protect salmon in the south Delta 
while allowing the SWP to operate more effectively. The South Delta 
Improvements Program includes channel dredging in Old River, Middle 
River, and West Canal and construction and operation of the head of Old 
River fish control gate and the Old River at Delta-Mendota Canal, Middle 
River, and Grant Line Canal flow control gates. Construction is expected to 
start in 2010 (DWR, 2009d). 

2-Gates Fish Protection Demonstration Project   Reclamation is leading 
the 2-Gates pilot demonstration project along with participation from 
DWR. The 5-year study project will look at ways to achieve better 
protection of at-risk fish species in the south Delta by installing temporary 
gates at two locations (DWR, 2009c). 

Bubble Curtain Barrier Project   Led by DWR and part of the Vernalis 
Adaptive Management Plan, this project is testing the use of bubble 
curtains instead of temporary rock barriers to keep migrating Chinook 
salmon and steelhead in San Joaquin River, rather than Old River. 
Experimental hatchery releases occurred in 2009 (DWR, 2009e). 

Delta Water Supply Project   City of Stockton’s Department of Municipal 
Utilities is responsible for the Delta Water Supply Project (DWSP). This 
will develop a new supplemental water supply by taking in water from the 
Delta and pumping it to a new surface water treatment plant. Intake 
construction will take place from 2009 through 2011. The water treatment 
plant and pipeline construction will occur from 2009 to 2012 (City of 
Stockton, 2009). 

North Bay Aqueduct Alternative Intake Project   DWR and USACE 
have proposed to relocate the aqueduct intake as it connects to the existing 
North Bay Aqueduct, thus increasing capacity. This would also reduce 
impacts to listed fish species and increase water supply to North Bay cities. 
Planning and preliminary design will be completed by 2012 (City of 
Calistoga, 2009; Solano County Water Agency, 2007). 

Ongoing Programs 
There are many ongoing programs that have numerous environmental 
restoration implementation actions that will likely have some impact the 
flood management system. 

Flood Emergency Preparedness and Hazard Classification Program   
Yolo County Flood Control and Water Conservation District, City of 
Woodland, and Yolo County, as part of the Yolo Integrated Regional Water 
Management Plan (IRWMP), are responsible for this program. This 
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program aims to improve the method of notifying at-risk residents of the 
need to take emergency action (evacuation) in Yolo County (WRA, 2005).  

Delta Levee Emergency Management and Response Plan   As part of 
the Delta Levee System Integrity Program, DWR and USACE are leading 
the effort to develop this plan. Its objectives are to enhance emergency 
response capabilities and resource allocation and develop a stable funding 
source for emergency response. This includes implementing a 
comprehensive reconstruction, repair, and maintenance program for Delta 
levees (CALFED, 1999). 

 
 

 

Anadromous Fish Restoration Program   FWS and Reclamation are 
leading the Anadromous Fish Restoration Program (AFRP). There are 
various projects being implemented and include: 

 
 

• Fish Passage Improvement at the Red Bluff Diversion Dam – 
Tehama-Colusa Canal Authority and Reclamation are modifying Red 
Bluff Diversion Dam to reduce its impacts on upstream and 
downstream migration of juvenile and adult anadromous fish, while 
improving the reliability of agricultural water supply in the Tehama-
Colusa and Corning Canal systems. The proposed action would include 
a new pumping plant that would be capable of operating throughout the 
year. The pumping plant will have a fish screen with an initial installed 
pumping capacity of 2,180 cfs and a footprint that will allow expansion 
to 2,500 cfs. The National Environmental Policy Act (NEPA) and 
California Environmental Quality Act (CEQA) documents have already 
been completed and the aggressive goal is to be operational by spring 
2012 (EPA, 2008; TCCA, 2009). 

 
 

 
 

 

• Upper Sacramento River Gravel Replacement Program – Under 
Central Valley Project Improvement Act, Reclamation and USFWS are 
leading the program to increase the availability of spawning gravel and 
rearing habitat for Sacramento River Basin Chinook salmon and 
steelhead trout. Some construction is currently ongoing (Reclamation, 
2008). 

 
 

2.
3.

1 

 • Deer Creek Flow Enhancement Project – DFG and Deer Creek 
Irrigation District are leading this project which addresses transport 
flows that are insufficient in some years to provide for adequate 
upstream and downstream migration. This project will drill, install, 
develop, and test wells. Construction should be underway by 2010 
(American Rivers, 2009a). 

Anadromous Fish Screen Program Projects   Anadromous Fish Screen 
Program (AFSP) is led by FWS and Reclamation to protect juvenile 
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Chinook salmon, steelhead trout, and green and white sturgeon from 
entrainment at priority diversions throughout the Central Valley and Delta. 
Projects in 2008 include providing technical assistance for fish screen 
projects operated by Natomas Mutual Water Company, Meridian Farms 
Water Company, RD 2035, Patterson Irrigation District, and Pleasant 
Grove-Verona Mutual Water Company. Construction depends on funding 
(Reclamation, 2007). The 2009 work plan included increasing the 
availability of spawning gravel and rearing habitat for Sacramento and 
American River Basin Chinook salmon and steelhead trout and was 
completed in September 2009 (Reclamation, 2008). 

California Waterfowl Projects   The California Waterfowl Association is 
leading projects that preserve, protect, and enhance California’s waterfowl 
resources, wetlands, and associated hunting heritage. The projects are 
located throughout Northeastern California, Sacramento River Basin, Yolo 
Bypass, Suisun Marsh, San Joaquin River Basin, and Southern California. 
Two of the projects are: 

• Upper Butte Water Basin Wildlife Area Project – California 
Waterfowl will complete a 365-acre restoration project on part of Little 
Dry Creek Wildlife Area in 2009 which will change the water delivery 
system (California Waterfowl, 2009). 

• Yolo Bypass Wildlife Area Project – The project will enhance over 
500 acres, restore 90 acres, and improve water delivery to over 1,000 
acres of wetlands and the adjacent private duck clubs. Construction will 
occur in 2009 (California Waterfowl, 2009). 
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3.0 Problems and Opportunities  

As discussed in Chapters 1 and 2, the landscape of the Central Valley, and 
its drainage area, has changed dramatically since the flood management 
system was initially built, including urban expansion, agricultural 
intensification, changes in societal values, and changes in land cover both 
in the valley and upper watershed source areas. As a result of these and 
other changes, problems have developed related to flood management and 
related resource conditions. This chapter describes flood management-
related problems and associated opportunities that could be addressed 
through the Central Valley Flood Protection Plan (CVFPP). 

 
 

 
 

In the context of this chapter, a “Problem” is an undesirable condition – 
something that is currently viewed as “broken” or will likely be so in the 
future.  Problems provide the common focal point or reason for people to 
join together in the planning process. 

 
 

An “Opportunity” is an undertaking that could further increase the value of 
CVFPP actions – a positive action that can be taken while addressing the 
identified problems. For example, efforts to reduce flood risk could provide 
opportunities for ecosystem restoration or other needs such as recreation 
and water supply.  

 
 

For the CVFPP, problems and related opportunities were developed from 
input provided by local, regional, State, federal, and tribal interests.  Many 
of these interests participated in the regional work groups and/or topic work 
groups convened to help articulate existing resource conditions for the 
CVFPP (described in Chapter 1), of which problem and opportunity 
identification was an important output. Key reference materials were also 
used to identify and define problems and opportunities.   

 

 

The identified problems and opportunities contained in this chapter include 
the views, perspectives, and input of all participants. At this point in the 
planning process, there are differing opinions on whether all of the items 
included as problems and opportunities are in fact problems that should be 
evaluated further. There are also differing opinions about the magnitude, 
relative importance or underlying causes of the identified problems and 
opportunities. A good example of an item where there is significant 
disagreement about the factual basis of the statement is “Risks and 
Consequences of Flooding: Levee structural integrity has the potential to be 
compromised by any number of factors due to: f) large, woody vegetation”. 
This statement is included to reflect that it is important to one or more 
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participant groups, but this summary document should not be interpreted to 
mean that DWR agrees with all of the statements included in the problems 
and opportunities chapter. In some instances, problems are the subject of 
ongoing study and evaluation, as noted in the problem discussion. 

A broad listing of factors thought to contribute to flood problems and 
opportunities within the planning areas are included in this chapter, reflect-
ing collective input from the multiple sources described above. 
Contributing factors were identified, refined, and amended by the work 
groups in an iterative fashion and then synthesized into five broad 
categories: (1) risks and consequences of flooding, (2) operations and 
maintenance, (3) ecosystem, (4) policy and institutional, and (5) integrated 
water management. A problem or opportunity statement was developed for 
each category of contributing factors to summarize key themes. Each 
problem or opportunity statement, and their associated contributing factors, 
is discussed in detail in this chapter. 

Each discussion begins with a summary table that provides a graphical 
representation of how the contributing factors vary from region to region. 
The regional work groups provided input on the relative applicability of the 
contributing factors within their respective regions. For example, some of 
the contributing factors are applicable only in part of the region, while 
others are present throughout the region. The Delta Regional Conditions 
Work Group asked that its region be represented in the table as two 
subregions, tidal and riverine, to more accurately identify where these 
contributing factors are applicable. 

Regional differences are reflected in the summary table using the following 
symbols: 

• An “N/A” denotes that the contributing factor is not applicable to a 
region 

• A half circle denotes that the contributing factor is relevant to parts of a 
region 

• A full circle denotes that the contributing factor is relevant to an entire 
region 

The term “relevant" indicates that a region is currently experiencing the 
problem or previously experienced problems associated with a particular 
contributing factor.  In those instances where the problem was ‘previously 
experienced,’ the region may have resolved the problem, but concerns 
remain over the problem potentially recurring in the future.  This chapter 
does not attempt to distinguish between current problems and previously 
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experienced problems. This level of refinement, evaluation, and 
prioritization is the subject of the next phase of the CVFPP development 
process. 

The symbols assigned to each contributing factor are subjective, not meant 
to be scientifically precise, and not meant to imply that technical or 
scientific documentation about the condition is necessarily available (e.g., 
modeling to determine the effect of channel vegetation on meeting design 
flow). The symbols are meant to capture the views and perspectives of the 
participants and were used to synthesize input received from these 
participants in a simplified manner. 

As mentioned previously, problems are the common ground that motivate 
collective participation in the planning process – the reason for undertaking 
the effort.  As such, problems and opportunities are instrumental in shaping 
broad goals and specific objectives for the CVFPP, and are crucial building 
blocks for identifying, developing, and screening potential management 
actions and solutions, a major focus of the next phase of the CVFPP 
development process. Because of the close linkage between solutions and 
management actions, and problems and opportunities, the regional and 
topic work groups often provided input on potential solutions and 
management actions to help address their identified problem or 
opportunity. These initial solutions and management actions were captured 
and advanced for consideration during the next phase in the CVFPP 
development process. 

As noted in the preface of this report, this is a ‘working document.’ As 
such, the information presented in this chapter is based upon the best 
available information at the present time.  As new information becomes 
available, such as better data describing the magnitude, viewpoints, and 
perspectives of certain identified problems, it will be considered during 
subsequent phases of the CVFPP development process. 



2012 Central Valley Flood Protection Plan 
Regional Conditions Report – A Working Document 

3.1 Risks and 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, 
reliance on flood management facilities that do not provide the level of 
protection currently desired, changing land uses in flood-prone areas and 
limited understanding of flood risk.  Flood risk is likely to continue to 
increase in some areas of the river basins due to climate change. 

Although flooding along the Sacramento and San Joaquin rivers and their 
major tributaries is a natural process, it also poses significant risks to 
human life, health, and safety.  Table 3-1 lists contributing factors related 
to flood risk problems, and their relevance to each of the five planning 
regions. The following discussion reflects the views and perspectives of all 
participants and input received, recognizing that there are differing 
opinions on the magnitude, relative importance, or underlying causes of the 
identified problem and its contributing factors. 
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Table 3-1.  Risks and Consequences of Flooding Problem Statement 
Contributing Factors Summary  
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N/A = Problem not applicable to region 
 = Problem is relevant to parts of the region** 
 = Problem is relevant to the entire region** 

Channels do not convey design capacity 
because of changed channel conditions:            

a) Vegetation growth in channels       

b) Accumulations of sediment, snags, or debris       

c) Changed stream gradient due to subsidence N/A     N/A 

d) Decreased stream gradient due to channel 
meander  N/A N/A N/A N/A  

e) Additional downstream restrictions N/A N/A N/A N/A   

Levee structural integrity has the potential to 
be compromised by any of a number of factors, 
including:            

a) Erosion       

b) Seepage       

c) Overtopping (wind, wave run-up, high flows)       

d) Subsidence/settling       

e) Animal burrowing activity       

f) Large, woody vegetation       

g) Contact damage (ships and abandoned vessels) N/A    N/A N/A 

h) Human interaction on the waterside of levee       

i) Encroachments       

j) Levee penetrations     N/A  

The performance and operation of other flood 
facilities (weirs, bypasses, gates, bifurcations, 
overflows) is constrained by the following: 

a) Accumulation of sediment   N/A    

b) Additional downstream restrictions   N/A N/A N/A  

c) Antiquated control systems   N/A N/A   

d) Subsidence N/A  N/A N/A   

e) Erosion   N/A N/A   

f) Facilities not engineered to USACE/DWR 
standards   N/A  N/A    
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Table 3-1.  Risks and Consequences of Flooding Problem Statement Contributing Factors 
Summary (Contd.) 

Contributing Factors 
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N/A = Problem not applicable to region 
 = Problem is relevant to parts of the region** 
 = Problem is relevant to the entire region** 

Prescribed reservoir releases under current 
water control manuals can result in flows that 
exceed downstream channel capacities 
because of the following: 

      

a) Insufficient flood storage capacity to regulate 
flood flows       

b) Water control manuals not designed to 
accomplish systemwide coordinated operations 

      

c) Water control manuals based on a limited 
period of record       

d) Not using available forecasting technology in 
operations decisions       

e) Inadequate snow and flow sensor data       

Channels and levees no longer provide the 
expected level of protection they were 
originally designed to achieve because of the 
following: 

           

a) Changes in design standards and expectations 
for levee performance       

b) Changes in hydrology/hydraulics and/or climate 
change       

c) Changes within designated floodways and 
bypasses       

d) Maintenance challenges       

Existing flood management system does not 
provide the level of protection desired and/or 
required because of the following:            

a) System designed for different uses and levels 
of protection       

b) Adequate funding for maintenance and 
improvements not available       

c) New legislation increased protection 
requirements for urban and urbanizing areas       
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Table 3-1.  Risks and Consequences of Flooding Problem Statement Contributing 
Factors Summary (Contd.)  

Contributing Factors 

Regional Differences* 
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N/A = Problem not applicable to region 
 = Problem is relevant to parts of the region** 
 = Problem is relevant to the entire region** 

Challenges to effective flood fight 
mobilization include the following:       

a) Confusion regarding flood fight roles and 
responsibilities       

b) Insufficient funding       

c) Financially punitive regulations governing non-
jurisdictional response        

d) Lack of comprehensive mutual aid agreements 
covering flood response       

Limitations of emergency response 
capabilities to flood threats include the 
following:            

a) Institutional capacity, resources, and 
coordination       

b)  Local flood contingency planning and regional 
response planning challenges (access, egress, 
warning, and communications)  

      

c) Critical infrastructure located within the 
floodplain       

Challenges to existing post-flood recovery 
plans and programs include the following:            

a) Debris removal       

b) Timely restoration of utilities       

c) Inefficient coordination       

d) Agricultural recovery       

e) Regional economic recovery       

f) Ecosystem flood-related issues       
Among the public there is a general lack of 
understanding of flood risk because of the 
following: 

a) Limited access to information        

b) False sense of security       

c) Undefined responsibility for education       
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Table 3-1.  Risks and Consequences of Flooding Problem Statement Contributing Factors 
Summary (Contd.) 

Contributing Factors 
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N/A = Problem not applicable to region 
 = Problem is relevant to parts of the region** 
 = Problem is relevant to the entire region** 

Limited understanding about the beneficial 
functions of floodplains       

Floods can impair water quality because of 
the following:            

a) Groundwater contamination via unsealed 
wellheads  N/A N/A N/A N/A N/A 

b) Mobilization of hazardous materials and 
contaminants in floodplain and watershed       

c) Mobilization of sediments       

d) Contamination of water treatment and 
wastewater treatment facilities   N/A N/A   

Flood system maintenance, such as dredging 
and clearing, can disturb sediment and 
negatively impact water quality. 

      

Notes: 
* Table is intended to graphically capture the regional differences.  The identified problems and opportunities contained in this 
table include the views, perspectives, and input of all participants.  At this point in the planning process, there are differing 
opinions on whether all of the items included as problems and opportunities are in fact problems that should be evaluated 
further.  There are also differing opinions about the magnitude, relative importance or underlying causes of the identified 
problems and opportunities. This table is subjective, not meant to be scientifically precise and not meant to imply that 
technical or scientific documentation about the condition is necessarily available. 
** “Relevant" indicates that a region is currently experiencing the problem or previously experienced problems associated 
with a particular contributing factor.  In those instances where the problem was previously experienced, the region may have 
resolved the problem, but concerns remain over the problem potentially recurring in the future. 



 3.0 Problems and Opportunities 

3.1.1 Channels Do Not Convey Design Capacity Due to 
Changed Channel Conditions 

 

There are many channels within the flood management system that no 
longer convey flows to their designed capacity because of various changes 
in the channel conditions. These changes include: (1) vegetation growth in 
channels, (2) accumulations of sediment, snags, or debris, (3) changed 
stream gradient due to subsidence, (4) decreased stream gradient due to 
channel meander, and (5) additional downstream restrictions. 
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Vegetation Growth in Channels 
Trees and brush grow on most levees and represent an important remnant 
of the riparian forest that once lined the Sacramento and San Joaquin rivers 
and tributaries. Vegetation growth can have a wide range of effects on 
channel capacity depending on its structure, location, level of management, 
and restriction to management. There are many perspectives on the impacts 
of vegetation growth on channel capacity and it is the subject of ongoing 
study and evaluation. 

 
 

 

Some assert that smaller vegetation, like brush and weeds that extend into a 
stream or river’s flow path, can create drag, thereby reducing the velocity 
of flow. Woody vegetation, such as shrubs and trees, along with debris that 
may collect in their branches, also creates drag and slows flow. Reduced 
flow rates, in general, can induce upstream flooding and increase 
sedimentation. 

 
 

 

Others contend that recent research shows that some forms of herbaceous 
vegetation may increase flow rates by becoming horizontal, armoring the 
channel bottom, decreasing soil erosion and associated flow turbulence 
(Kavvas et al., 2009).  This suggests that the impact of vegetation on 
channel capacity could be minimized with appropriate riparian vegetation 
that places trees and shrubs in areas of slow velocity and flexible-stem 
plants and grasses in areas of high velocity. 

 

 

Accumulations of Sediment, Snags, or Debris 
Sedimentation of natural channels reduces their flow-carrying capacity. 
Historically, hydraulic mining released great quantities of sediment into 
some foothill streams, which was carried into the valley and deposited 
wherever the gradient and flow rate no longer would support the bed load 
transport. Even though hydraulic mining is now discontinued, portions of 
these sediments remain in valley streams. Natural sedimentation also 
deposits large quantities of silt, sand, gravel, and rock where steep foothill 
streams become flat valley watercourses. 
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Specific areas in which sediment accumulation is an immediate problem 
include: Yuba River, Sycamore Creek, Cherokee Canal, Bear River, 
Middle River downstream from Old River, Paradise Cut, and the San 
Joaquin River. The worst cases of sedimentation, such as Cherokee Canal 
and the Yuba River, are associated with hydraulic mining debris from the 
19th century. Sedimentation in other areas is from erosion of riverbanks 
and levees and runoff from agricultural fields. As a result of sedimentation, 
the San Joaquin River lacks the capacity to carry the combined design 
flows of the major tributaries from the Merced River confluence 
downstream to the Delta. 

Snags are trees, limbs, or large bushes that have fallen into a stream or 
river. Once in the waterway, they can collect sediment or debris. While 
snags provide important ecosystem benefits (CALFED, 2009), they can 
also migrate downstream and become stuck in the channel, which creates 
snag “islands” and reduces channel capacity. Snags can also cause property 
damage by becoming caught on bridges, pumping plants, docks, and other 
infrastructure. 

Debris also creates drag and reduces channel capacity. Small debris such as 
branches or trash can accumulate along the banks during normal flows, but 
become much more problematic during high-flow events.  Large debris 
includes furniture, appliances, or other large items that have been illegally 
dumped into the flood channel. These items can easily be trapped on the 
river banks by snags, as well as by transportation bridges or other similar 
infrastructure.  Large debris can create significant backwater effects that 
reduce flood flow capacity. 

Changed Stream Gradient Due to Subsidence 
Some areas of the Sacramento and San Joaquin river basins, mainly the 
Lower Sacramento, Delta and Upper San Joaquin River Regions, have 
experienced subsidence over the last 50 years. A portion of these areas, 
such as the central and western Delta, are a result of naturally occurring 
subsidence; however, the majority is due to groundwater overdraft. Within 
the Upper San Joaquin River Region, groundwater withdrawal and 
hydrocompaction of the soils by irrigation has led to accelerated subsidence 
since the 1920s. 

Subsidence impacts flood management by changing stream gradients. 
When portions of rivers or streams sink due to subsidence, the gradient 
may decrease and a backwater effect can be created at the downstream 
edge of the subsidence; the decrease in gradient can reduce flood flow 
capacity. At the upstream edge of the subsidence, the gradients may 
increase, causing increased velocities and erosion within the system. 
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Efforts to address subsidence-related flood management problems could 
provide an opportunity to improve water supply reliability. Increased 
conjunctive use of surface water and groundwater can reduce the potential 
for subsidence from groundwater overdraft (i.e., replace groundwater usage 
with surface water).  Agencies throughout the Central Valley are already 
conducting conjunctive use to primarily increase their water supply 
reliability.  From the flood management perspective, recharging 
groundwater is beneficial because it can decrease subsidence and thus 
lessen impact on flood protection facilities. 

Decreased Stream Gradient Due to Channel Meander 
There are instances in the flood control system where streams and rivers 
were modified to improve flood flow capacity. Portions of those streams 
and rivers have been meandering back to their natural path. For example, 
erosion at Woodson Bridge (upper Sacramento River, Tehama County) is 
an example of an area where the river is attempting to migrate back to its 
historic channel through Kopta Slough. Channel meandering that decreases 
the stream gradient can significantly reduce the flood flow capacity from its 
original design level, as well as erode existing levees immediately adjacent 
to the river channel. 

Others note that channel meandering is a natural process which, when 
restricted, changes the rate and pattern of channel movement both upstream 
and downstream. Partial river meandering is possible along reaches of 
rivers bounded by levees where the levees are set back a sufficient distance 
away from the main channel of the river (i.e., Sacramento River north of 
Colusa). 

Additional Downstream Restrictions 
Some flood management districts’ capacity constraints are the result of 
flow restrictions downstream from the districts’ boundaries. In such 
situations, a district is dependent on its downstream neighbor to increase 
flood flow capacity since it is outside of the upstream district’s 
management authority. For example, the accumulation of sediment over 
time has flattened the northern downstream reaches of the San Joaquin 
River and decreased channel capacities. Because of this, operators of the 
Merced, Tuolumne, and Stanislaus river reservoirs upstream need to 
consider downstream conditions in the San Joaquin River before releasing 
their reservoir storage. 
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3.1.2 Stressors on Levee Structural Integrity .1.2 Stressors on Levee Structural Integrity 
The potential for flooding 
along the Sacramento and 
San Joaquin rivers and its 
main tributaries is highly 
dependent on the levees 
that protect much of the 
Central Valley. To 
maintain this protection 
and prevent levee failure, 
it is vital that the levees 
retain their structural 
integrity. During the 1997 
flood, levees on the 
Sacramento River 
sustained two major 
breaks and many levees 
were severely damaged. 
On the San Joaquin River, 
levees failed in more than 
24 places and many 

levees were damaged by sloughing, slumping, and seepage (FEAT, 1997a). 
Levee structural integrity has been compromised by a number of factors 
including: (1) erosion, (2) seepage, (3) overtopping (wind, wave runup, 
high flows), (4) subsidence/settling, (5) animal burrowing activity, (6) 
large, woody vegetation, (7) contact damage (ships and abandoned 
vessels), (8) human interaction on the waterside of the levee, (9) 
encroachments, and (10) levee penetrations. These stressors can lead to 
several modes of failure, including: (1) internal erosion, (2) external 
erosion and (3) slope stability. 
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Erosion Can Damage Channel Banks and Levees 

Erosion Erosion 
In many levee reaches, the flood control channels were designed to flush 
out sediments that accumulated in the Sacramento River system from 
hydraulic mining activities in the late 1800s. These designs altered the 
natural balance of erosion and deposition in the channels and flushed out a 
majority of the mining debris. However, with much of the debris removed, 
the powerful flows are now eroding the natural channel banks and the flood 
protection levees placed on them. Furthermore, many of the earlier levees 
were not engineered and were made with readily available materials 
dredged from the adjacent river. Poor levee foundations, geometry, or soil 
materials in some areas have further exacerbated erosion problems. 
Without bank protection, this erosion can encroach on existing levees and 
ultimately result in levee failure and major flooding. Floodwaters are 
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erosive and, while moving along typically unprotected levees, need only 
encounter one weak spot in the system to cause a breach and potential loss 
of life or property. Extremely high hydraulic gradients can find other weak 
spots in the foundation materials and begin to migrate, or erode material 
from the foundation, creating unstable conditions quickly followed by total 
or significant structural failure (FEAT, 1997a). This ongoing erosion 
causes more damage than can be repaired by the State or levee maintaining 
agencies (LMA) using standard maintenance programs (DWR, 2005b). 
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Seepage 
High hydraulic gradients during floods can force seepage through or under 
a levee where it can carry levee or foundation material with it. Some 
seepage through an earthen levee is relatively common, but when the 
seepage finds or creates a drainage path through erodible material, such as 
a sand stratum, material is gradually washed out through a "boil" on the 
landside of the levee. If unchecked, sufficient material can exit the levee 
through the boil resulting in a depression or "slump" in the levee. Even a 
limited slump can cause immediate formation of transverse cracks through 
the entire embankment.  These cracks act as conduits for seepage flow 
through the levee, which can lead to a rapid deterioration of the 
embankment, and even complete levee collapse. Poor levee foundations, 
geometry, or soil materials can increase the vulnerability of a levee to 
seepage problems. 

 
 

 
 

 

Overtopping (Wind, Wave Run-up, High Flows) 
Overtopping occurs when the quantity of floodwater entering the channel is 
greater than channel capacity, and water spills over the top of the levee. 
Wind and wave runup during a high-flow event can also lead to 
overtopping.  As water flows over the crown of the levee, it erodes the 
landside of the levee, gradually washing soil away until the full cross 
section is breached. Levees constructed of clay soil can withstand 
significantly more overtopping than levees constructed of silty or sandy 
soil (FEAT, 1997a). Vegetation cover has been found to prevent erosion on 
the back side of the levee by providing an initial protective cover and 
increasing the apparent cohesive strength of the surface (Gilbert and Miller, 
1991). 

 
 

 

Subsidence/Settling 
Localized subsidence or settling can result in the loss of levee stability. 
Compression of soft underlying sediments subject to external loads (i.e., 
new levee construction) can be detrimental to levee stability. Subsidence 
caused by the collapse of voids present within the levee or its foundation 
also poses serious risks to the flood control system. 
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Subsidence through oxidation of the peat soils in the Delta has caused the 
tidally influenced islands to become holes in which the land surfaces are 
now 10 to 25 feet below sea level. Because of the decreasing island surface 
elevations, the levees are now required to hold back substantially more 
water than when they were originally constructed. The resulted increase in 
hydraulic pressures on levees that were constructed on foundations of sand, 
peat, and organic sediments have caused about 35 levee failures since the 
1930s (DWR, 2009i). Expected sea level rise from climate change would 
further increase hydrostatic pressures on Delta levees. 

Animal Burrowing Activity 
The Sacramento and San Joaquin river basins support a diversity of wildlife 
species, including burrowing species. Pocket gophers, ground squirrels, 
beavers and other burrowing animals can create an extensive and 
interconnected maze of burrows in a levee or its foundation. These holes 
increase the potential for “piping,” or water running through the burrow 
passage. Piping weakens levee structural integrity and can lead to potential 
levee failure. A combination of high tide, seepage, and rodent burrowing 
are believed to be the causes of the Upper Jones Tract Levee Failure in 
2004 (DWR, 2009g). 

Large, Woody Vegetation 
Much of the 1,600 miles of State-federal project levees in the Central 
Valley is vegetated to some degree, ranging from grasses to shrubs and 
trees.  There are multiple perspectives on the impacts of large, woody 
vegetation on levee structural integrity and it is currently the subject of 
ongoing research and review.  Concerns about risks to levee structural 
integrity from large, woody vegetation include: (1) tree root penetration 
through and under levees that create voids and pathways for seepage (Gray, 
1995), (2) uprooting of tree root balls in high wind or currents that could 
remove enough soil from the embankment to initiate levee failure (Nolan, 
1981; Tschantz and Weaver, 1988), and (3) obstacles that may impair flood 
fight activities during a flood event. For additional perspectives on the 
impacts of vegetation on O&M, see Section 3.2.1.  

On the other hand, several studies have shown that vegetation cover 
increases shear strength and erosion resistance (Simon and Collison, 2002) 
by increasing apparent cohesive strength by root reinforcement (Gray et al., 
1991; Abernethy and Rutherford, 2001). Pollen and Shields (2007) found 
that, in cases where levees are composed of largely uncohesive materials, 
root reinforcement provides significant support to the soil matrix.  Root 
reinforcement also reduces shear stresses acting on the soil from flowing 
water and protects the levee from rainfall impact and runoff. When 
studying a sandy channel levee adjacent to the Sacramento River near 
Elkhorn, Gray et al. (1991) found that woody vegetation did not adversely 
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affect the structural integrity and no open voids or conduits clearly 
attributable to plant roots were observed in the levee. Furthermore, clear-
cutting woody vegetation can increase rates of erosion or higher 
frequencies of levee failure due to destruction and gradual decay of 
interconnected root systems (Bishop and Stevens, 1964; Wu et al., 1979). 

 
 

 

Contact Damage (Ships and Abandoned Vessels) 
Contact damage is primarily seen in the Delta region.  Ships and vessels 
that are docked along the levees can be repeatedly slammed into the levees 
by high waters during a flood event.  This constant impact can erode 
portions of the levee or remove riprap, making the levee more susceptible 
to failure. 
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Human Interaction on the Waterside of Levee 
Regular human interaction with levees can cause levee damage.  In some 
locations, mainly in the Lower Sacramento River Region and Delta Region, 
homes with swimming pools and other household structures have been 
constructed on the waterside of the levee.  Activities associated with 
riverfront property features could cause erosion and reduce levee stability. 
Unregulated access to the riverfront for recreational purposes results in 
unlined trails, manmade beaches, roadways, and other features that could 
damage the levee. Recreation on the river, such as boating, could also 
induce waves that enhance levee erosion. 

 
 

 
 

Encroachments 
Another threat to the State-federal flood management system is 
encroachments that can cause problems with inspections, maintenance, or 
levee stability.  Encroachments may 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. Many miles of encroachments exist in the State-federal 
flood management system.   

 
 

 

California Department of Water Resources (DWR) inspects the 
construction or implementation of newly permitted encroachments to 
ensure that the work is done in accordance with the encroachment permit 
conditions (DWR, 2009j). More than 18,000 encroachment permits have 
been issued by the Central Valley Flood Protection Board (Board) since its 
inception and the majority of the open encroachment permits are properly 
maintained.  However, there are hundreds of permitted encroachments that 
are not properly maintained and hundreds of unpermitted encroachments.  
In fall 2007, DWR identified approximately 129 miles of partially 
obstructing and 7 miles of completely obstructing encroachments (DWR, 
2008e).  Unmaintained or unpermitted encroachments may jeopardize levee 
integrity, raise the surface level of design floods or flows, increase the 
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damaging effects of flood flows, and impair inspection, maintenance and 
flood fighting. 

DWR reports newly discovered unauthorized encroachments to the Board 
and works with LMAs to abate unauthorized encroachments. Each LMA is 
held responsible for preventing the construction of, or requiring the 
removal of, any illegally encroaching structures on the levee and for 
stopping any unauthorized modifications to the levee (DWR, 2008e). 
However, some LMAs can be reluctant to attempt to force the removal of 
illegal encroachments. 

Levee Penetrations 
In some portions of the Sacramento and San Joaquin river basins, irrigation 
lines, drainage outlets, and other utilities have been piped through the 
levee.  Leaks from the penetrations can cause excessive ground loss.  In 
some instances, a surface expression of the ground loss is visible soon after 
the leak manifests itself, especially on sandy levee embankments.  
However, if the levee composition is clayey, the leak may cause internal 
ground loss that may not be detected until a sinkhole appears on the levee 
surface.  These hidden voids pose a serious threat to the protected areas. 
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3.1.3 Constraints on Other Flood Facilities  

Flood facilities other than channels and levees, such as weirs, bypasses, 
gates, bifurcations, and overflows, serve to reduce flood pressures, similar 
to pressure relief valves in a water supply system. They allow flood flows 
in excess of the downstream channel capacity to escape into a bypass 
channel or basin.  The performance and operation of these flood facilities 
are affected by: (1) accumulation of sediment, (2) downstream restrictions, 
(3) antiquated control systems, (4) subsidence, (5) erosion, and (6) facilities 
not engineered to U.S. Army Corps of Engineers (USACE)/DWR 
standards. 
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Accumulation of Sediment 
Sedimentation upstream from flood control structures obstructs flow and 
reduces weir capacity. For example, sediment deposits reduced capacity of 
the Sacramento Weir and forced flows exceeding design capacity to remain 
in the Sacramento River when the weir gates were open. This resulted in 
higher flood stages in the Sacramento River downstream from the 
Sacramento Weir. DWR removed approximately 38,600 cubic yards of 
sediment from the Sacramento Weir approach to restore its flow to design 
capacity. The average depth of sediment removed at the Sacramento Weir 
was 4 feet with depths ranging from 2 to 5 feet along the length of the weir.  
Recent projects have also included removal of sediment at the Tisdale and 
Fremont weirs.  Sedimentation is also an immediate problem at the Colusa 
Weir and Bypass. 

 
 

 
 

 

Downstream Restrictions 
Localized channel size reductions caused by bridges, roads, highways, 
railways and other infrastructure in the floodplain,  have restricted 
conveyance of flood flows in many areas. Specific areas that have 
experienced a significant reduction in conveyance capacity because of 
obstruction include a number of bridge crossings on the lower San Joaquin 
River; the Garmire Road bridge over Tisdale Weir, which restricted the 
passage of debris during the January 1997 flood and previous high water 
events but has since been removed; the Town of Tehama (may be due to a 
railway obstruction); and the State Route 162 bridge near Willows where a 
large berm directs flood flows onto the highway. In the Lower Sacramento 
River Region, the Interstate 80 (I-80) causeway and railroad tracks are a 
significant downstream restriction to peak flood flows down the Yolo 
Bypass. 

 

 

Antiquated Control Systems 
Many operating flood facilities were designed and built early in the life of 
the Sacramento River Flood Control Project (SRFCP).  Most weirs and 
flood control structures in both the Sacramento and San Joaquin river 
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basins were constructed in the 1930s and early 1940s. The system was 
designed based on historic flood flows, event magnitudes, and conveyance 
needs, and can no longer effectively pass the design flows in many areas. 
An increasing number of control structures are at or exceeding their useful 
life.  Structural rehabilitation, retrofit, and/or total reconstruction of many 
facilities are needed. Deferred maintenance of these control structures, 
which some attribute to lack of funding (Section 3.4.5) and the increased 
costs of regulatory requirements (Section 3.2), has further degraded flood 
control structure conditions. Facing these challenges, the lack of either a 
comprehensive system design, or practical means to address redirected 
impacts of construction and maintenance activities, has resulted in a 
piecemeal approach that has frequently failed to address flooding on a 
systemwide basis. 

Subsidence 
Subsidence impacts the performance and operation of flood control 
structures by modifying the hydraulic characteristics of the stream through 
changes in stream gradient. These changes can either decrease or increase 
the capacities of flood facilities. In the Sacramento River Basin, 
subsidence, along with other factors, has reduced the capacity of the 
Knights Landing Ridge Cut, which conveys drainage from the Colusa 
Basin into the Yolo Bypass. 

Erosion 
Flood facilities are often located where high flows and velocities may 
impact the structural integrity of the facility.  The Butte Slough Outfall 
Gates on the Sacramento River and Weir No. 2 in the East Borrow Canal of 
the Sutter Bypass (DWR, 2003b) are examples of flood facilities that 
currently have known erosion problems requiring replacement or repair. 
The Knights Landing Outfall Gates are also being investigated for possible 
erosion damage. As flood facilities continue to age, it is expected that 
erosion will continue to be a problem. Since most of the erosive damage is 
under water, problems can be difficult to detect and significant capital 
investment is required to repair and upgrade these flood facilities from 
damage. 
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Facilities Not Engineered to USACE/DWR Standards  

Some of the critical structures that impact the operations of the State-
Federal flood management system were not designed or constructed to 
USACE/DWR adopted standards.  For example, flood flow from the 
Sacramento River enters the upper end of the Butte Basin at three overflow 
areas (known as 3-Bs, M&T, and Goose Lake) below Chico Landing on the 
Sacramento River. The Corps of Engineers designed this reach of river 
using a design flow of 210,000 cubic feet per second, designed the main 
river levees immediately downstream of the overflow section to carry 
150,000 cubic feet per second.  The remaining 60,000 cubic feet per second 
must be diverted from the river between Chico landing and the vicinity of 
Parrott Grant line to insure the safety of project levees south of the Parrott 
Grant line.  While DWR performs some maintenance on these overflow 
areas, they are not part of the items comprising the Old Sacramento River 
Flood Control Project as described in the November 6, 1953 Memorandum 
of Understanding Respecting the Sacramento River Flood Control Project.  
The overflow areas were also not engineered to USACE or DWR 
standards. However, their continued operation is essential to flood 
management downstream along the Sacramento River.  In the example of 
the 3-Bs, the overflow structure is an unprotected silt weir.  Erosion due to 
head cut development during flood events allow the Sacramento River to 
enter Butte Basin when it is below flood stage, critically reducing available 
storage when flood flows are reached and increasing the duration of 
inundation to property, agriculture, and infrastructure. The M&T and 
Goose Lake relief structures have required additions of cement and riprap 
along their length to protect their structural integrity. 
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3.1.4 Prescribed Reservoir Releases under Current 

Water Control Manuals Can Result in Flows that 
Exceed Downstream Channel Capacity 

Prescribed reservoir releases under current water control manuals can result 
in flows that exceed downstream channel capacities. Factors that contribute 
to this problem include: (1) insufficient storage capacity to regulate flood 
flows, (2) current water control manuals that are not designed to meet all 
current systemwide objectives, (3) water control manuals based on a 
limited period of record, (4) available forecasting technology is not being 
used when making operations decisions, and (5) inadequate snow and flow 
sensor data. 

Insufficient Flood Storage Capacity to Regulate Flood Flows 
Reservoirs with flood management functions are located on the Sacramento 
and San Joaquin rivers, as well as many of the major tributaries.  Some of 
these reservoirs have insufficient storage capacity to fully capture average 
annual unimpaired runoff if no releases are made. The San Joaquin River, 
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in particular, lacks a large storage reservoir with a capacity similar to those 
operating on the Sacramento River system. 

From a flood control perspective, 
maintaining sufficient flood 
reservation space within reservoirs 
becomes critical during the rainy 
season.  The deep empty space 
requirements often drive mandated 
releases during the flood season to 
maintain flood storage within the 
operational flood encroachment 
curve (Hegedus and Shibatani, 
2009). In the San Joaquin Valley, 
the first flood can fill some 
reservoirs, and flood releases are 
limited by the downstream channel 
capacities. This makes the 
likelihood of spilling large flood 
flows from the reservoirs much 
greater during subsequent flood 
events (Independent Review Panel 

to the California Department of Water Resources, 2007). 

 
Folsom Dam 

Water Control Manuals Not Designed to Accomplish Systemwide 
Coordinated Operations 
Reservoir operations are largely governed by water control manuals 
specific to each reservoir. These water control manuals guide the timing 
and amount of flood space throughout the year and establish objective 
releases. Many of these manuals apply rigid constraints to operational 
decisions, restricting flexibility in managing the reservoir to accomplish 
systemwide coordinated operations. Furthermore, many water manuals are 
based on outdated assumptions and are in need of revision.  For example, 
the water control manuals for Oroville and New Bullards Bar reservoirs 
assumed creation of a Marysville Dam downstream from Englebright Dam.  
Marysville Dam was never built and there are no plans to build it. 

The Lower San Joaquin River Region is an example in which systemwide 
coordinated operations are needed to prevent downstream flooding from 
prescribed releases. Lower San Joaquin River levee and diversion systems 
are not capable of containing the objective release (maximum control 
release that can be safely conveyed by downstream channels) from all of 
the major, upstream project reservoirs simultaneously due to reductions in 
channel capacity from sedimentation, debris, and vegetation. 
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There are currently no formal coordinated flood operations agreements in 
either the Sacramento River Basin or San Joaquin River Basin. However, 
operators of the principal flood control reservoirs participate with the DWR 
and USACE in daily operations conferences sponsored by the State-Federal 
Flood Operations Center (FOC) during high-water periods. Voluntary 
modifications of operations often result from these conferences. 

 
 

 

Water Control Manuals Based on a Limited Period of Record 
Reservoir operation rules, as defined by water control manuals, were based 
on historical precipitation and runoff data. The hydrological data was 
limited to the period of record available at the time, which in many cases 
was not long enough to accurately represent the true system flood 
probabilities, and did not account for climate change.  Each time a large 
flood occurs in a watershed, the probabilities are recalculated using the 
historical data record then available.  In the latter half of the 20th century, 
large storms occurred more frequently than during the first half.  
Consequently, the general trend is for reservoir inflows to be higher than 
anticipated during original design. Figure 3-1 shows 3-day peak flows of 
the American River runoff in the past century (DWR 2008b). 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 2008b). 
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Source: DWR 2008b (with top 5 annual maximum 3-day flow highlighted) 
Figure 3-1.  American River Runoff, Annual Maximum 3-Day Flow 

Not Using Available Forecasting Technology in Operations Decisions 
Utilizing available quantitative precipitation forecasts would allow system 
operators to make reservoir releases in advance of approaching storms.  
Reservoir inflow forecasts have been refined over the years taking 
advantage of satellite and other real-time telemetry to improve data 
accuracy and streamline data delivery to forecasters and reservoir 
managers.  More robust notification processes and river stage forecast data 
to downstream emergency operation managers and LMAs are other 
benefits to using forecasting technology.  Forecast-coordinated operations 
are currently being applied in the Feather-Yuba system.  In addition, 
studies are underway to assess the viability of a similar project on the 
Sacramento River below Shasta and to expand the program to other 
reservoirs in the Central Valley.  There is a need for forecast-coordinated 
operations for larger watersheds, such as the Sacramento and San Joaquin 
river basins. 

Inadequate Snow and Flow Sensor Data 
In rugged mountainous regions like the Sierra Nevada, physical 
measurements of snow water equivalent (SWE) are needed to predict the 
volume and timing of snow melt runoff (Mizukami et al., 2003). Increased 
quantity and accuracy of snow and flow sensor data would allow flood 
managers to reduce peak flows by making reservoir releases in advance of 
expected reservoir inflows from snowmelt. Accurate snow measurements 
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would also help monitor the potential impact of future climate change on 
snowpack patterns. 

SWE measurements have been made by ground-based or remote sensing 
methods (Mizukami et al., 2003). Both methods have limitations that make 
the timely collection of accurate SWE levels difficult. Remote sensing 
functions well in flat agricultural areas and is emerging as a valuable tool 
for SWE prediction (Bales and Harrington, 1995). But remote sensing 
functions less well in rugged areas due to problems in sensor sensitivity 
(Rango and Shalaby, 1999), validation of SWE retrieval algorithms (Cline, 
1998), and scale-appropriate measurements. Current operational 
measurements of SWE in complex terrains rely on ground-based manual 
snow surveys or automated snow sensors (Elder et al., 1997).  Snow 
surveys, while accurate, can only provide data infrequently and require 
large investments of time and effort to access remote snowpacks. 
Automated snowpack measuring sensors provide an excellent estimate of 
SWE distribution on a relatively large scale, such as SWE variation with 
elevation for the entire Sierra Nevada. At a single watershed scale, 
however, it is difficult to estimate accurate SWE from interpolation of 
point data (Elder et al., 1997; Balk et al., 1998). Currently, a large number 
of manual measurements within the watershed are necessary, in 
conjunction with interpolation between measuring points, to obtain 
estimates of the SWE distribution.
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3.1.5 Channels and Levees no Longer Provide the 
Expected Level of Protection They Were Originally 
Designed to Achieve  

Construction of flood management infrastructure on the Sacramento and 
San Joaquin rivers began in many places before the beginning of the 20th 
century. Physical conditions, as well as knowledge and expectations of 
flood system performance, have changed significantly over time. Changes 
that have impacted the level of protection provided by flood control 
structures over time include: (1) changes in design standards and 
expectations for levee performance, (2) changes in hydrology/hydraulics 
and/or climate change, (3) changes within designated floodways and 
bypasses, and (4) maintenance challenges. 

Changes in Design Standards and Expectations for Levee 
Performance 
Early levees were often constructed using material dredged from the 
adjacent river, which was then placed on untreated foundations using 
construction techniques available at the time.  Since that time, much has 
been learned about levee failure mechanisms and how to design and 
construct levees that prevent levee failures.  This new information has led 
to increased knowledge of flood risks in the flood management system and 
is reflected in continually changing design standards from the USACE. 
Some levees are not in compliance with the most current USACE standards 
because they were constructed prior to the adoption of these standards. The 
current level of protection provided by State Plan of Flood Control (SPFC) 
and associated nonproject levees that protect both urban and non-urban 
areas is being evaluated through the DWR Levee Evaluation Program to 
determine if they meet defined geotechnical criteria and, where needed, 
identify remedial measures to meet those geotechnical criteria. 

Changes in Hydrology/Hydraulics and/or Climate Change 
Existing levee heights and channel capacities were designed using either 
water surface profiles from historical storms (e.g., 1907), or historical data 
related to precipitation and runoff.  Similar to the limited period of record 
used for water control manuals described in Section 3.1.4, the hydrological 
data used for channel and levee design were also limited to the period of 
record available at the time. This was likely not long enough to accurately 
represent the true distribution of flood probabilities, and did not account for 
future climate change.  

Floodplain hydraulics also change over time due to the dynamic nature of 
watersheds. Runoff from upper watershed source areas has increased, in 
varying extents, due to increases in impermeable surfaces in developed 
areas, soil compaction from agriculture, reductions in vegetative cover, and 
losses of wetlands. In developed areas, rainfall that previously percolated 
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into the ground becomes collected by storm sewers that send the runoff into 
local streams and channels.  Alluvial fans and moveable bed streams can 
cause channels to move during a flood, making flow paths difficult to 
predict (ASFPM, 2003). 

 
 

Increased temperatures from climate change 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 total snow accumulation in the Sacramento-San Joaquin 
watershed 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 the year for many rivers of the 
mountainous western United States (Knowles, Dettinger, and Cayan, 
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).  Climate change is also 
expected to change the magnitude and frequency of forest fires because of 
drier warm-season fuel conditions. Increased frequency and severity of 
wildfires (California Natural Resources Agency, 2009b) reduces the 
availability of vegetation that absorbs runoff, which results in further 
increased runoff, erosion and sedimentation. 
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A need exists to restudy the system hydrology and hydraulics, using the 
best available hydrologic data, a better understanding of climate change 
projections, and new physical data describing the levees and channels.  
Having the best available hydrologic and hydraulic data to evaluate flood 
probabilities would also benefit reservoir operations and water supply 
planning. 

 
 

 

Changes Within Designated Floodways and Bypasses 
Changes to river hydraulics from activities that occur within designated 
floodways may reduce flood carrying capacities, thereby impacting the 
intended protection for areas adjacent to the floodplain. Changes in land 
use within floodways and bypasses can be caused by agricultural practices, 
crop types, and vegetation encroachment. Floodways and bypasses that 
have been graded and developed for agricultural production can reduce 
flood carrying capacities.  The transition from agricultural row crops to 
orchards in some floodplains can also impact flood hydraulics. Riverine 
erosion, debris and sediment blockage, natural or human-induced channel 
modification, and land subsidence also directly impact floodway 
hydraulics.  
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As mentioned previously, there are many perspectives on the impacts of 
vegetation on channel capacity and it is the subject of ongoing study and 
evaluation. While the impact of vegetation depends on vegetation structure, 
location, and level of management, some forms of vegetation encroachment 
in the channels can reduce flow velocities, obstruct debris movement, and 
increase sedimentation. Vegetation encroachment occurs when material, 
eroded from banks, form bars along the channel and when low-flow 
conditions prevent the natural removal of vegetation through erosion of the 
floodway or bypass. While attention to the importance of levee 
maintenance has increased, floodway and bypass capacity maintenance has 
not received the same level of attention and funding. For additional 
description on funding challenges associated with O&M, see Section 3.2.1.  

Maintenance Challenges 
The level of protection from the flood management system has also 
decreased in some areas due to deferred or inadequate maintenance. Some 
LMAs believe that the lack of sustainable funding, combined with 
challenges in complying with regulatory requirements, has limited their 
ability to conduct proactive maintenance or collaborate with other agencies 
in implementing regional maintenance and mitigation. For a more detailed 
discussion on flood system maintenance, see Section 3.2. 
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3.1.6 Existing Flood Management System Does Not 
Provide the Level of Protection Desired and/or 
Required 

 
 

For many communities in the Central Valley, the existing flood 
management system does not provide the level of protection desired and/or 
required. The level of desired flood protection to protect Central Valley 
communities has increased significantly since much of the flood 
management system was originally constructed. Flood management 
agencies struggle with the following challenges in providing adequate flood 
protection:  (1) the system was designed to protect different land uses and 
used design floods that are no longer appropriate for current land uses, (2) 
adequate funding for maintenance and improvements has not been 
available, and (3) new legislation increased flood protection requirements 
for urban and urbanizing areas in the Central Valley. 

 
 

 
 

System Designed for Different Uses and Levels of Protection 
The unprecedented population boom in California following the onset of 
the Gold Rush in 1849 created communities in previously unpopulated 
regions of the Central Valley and spurred significant agricultural 
development.  By the turn of the 20th century, irrigation and agriculture had 
grown immensely in the San Joaquin River Basin, and the warm, dry 
climate positioned water supply at the forefront of public concern.  In the 
more populous Sacramento River Basin, flood control and navigation were 
of higher concern.  At that time, State and federal agencies agreed that a 
coordinated plan of flood protection was needed to replace the piecemeal 
and competitive system of local levees that had developed in the 
Sacramento River Basin, in a manner that did not adversely impact channel 
navigation. Consequently, agricultural development and the removal of 
mining debris to facilitate navigation had significant influence over the 
original planning and design of the SPFC. 
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By the middle of the 20th century, numerous facilities had been constructed 
and adopted as part of flood management projects in the Central Valley, 
including flood control reservoirs, levees, bypasses, and weirs.  The various 
conveyance facilities were designed to pass specified river flows (design 
flows), rather than to provide specific levels of flood protection.  As a 
result, the SPFC provides varying levels of flood protection throughout the 
Central Valley. 

Today, California’s flood protection system is more than 50 years old, with 
some components constructed more than 100 years ago.  Throughout their 
lifespan, some facilities have been used for a wide variety of purposes 
beyond their original intent, including agricultural development, removal of 
mining debris, navigation, water supply, and flood control. For example, 
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levees in the Delta that were originally built for navigation and flood 
control are now used as conveyance for water supply as part of the State 
Water Project (SWP) and Central Valley Project (CVP).  

Many challenges related to flood management in the Central Valley are due 
to an aging flood management system that in many areas was designed to 
protect much different land uses than now occur within lands protected by 
SPFC. Rapid development and land-use changes in the Central Valley have 
exposed deficiencies in this flood management system.  Over time, 
historically agricultural lands and rural communities have been, and 
continue to be, converted to densely populated urban and suburban centers.  
Facilities originally constructed to reclaim and reduce flooding on 
agricultural lands may provide inadequate protection for these urban and 
urbanizing areas, even if improvements are made to pass original design 
flows or meet minimum federal design standards. 

Much of the existing flood management system was designed to lessen the 
adverse economic and social impacts of seasonal flooding on largely 
agricultural lands, not to offer complete protection from flooding. 
Escalating urban development in floodplains increases the potential for 
flood damages to homes, businesses, and communities.  This has been 
reflected in the increasing costs to respond to and recover from floods in 
the Central Valley in recent years. 

Only more recently has the protection of urban areas moved to the forefront 
of flood protection planning.  The Sacramento and San Joaquin river basins 
are recognized as having urban areas with some of the highest flood risk in 
the United States.  In particular, federal emergency planners ranked the 
City of Sacramento second in flood risk vulnerability to New Orleans after 
Hurricane Katrina (O’Neill, 2006).  Figure 3-2 shows the flood damages 
caused by flood events in the Sacramento and San Joaquin river basins in 
1983, 1986, 1995 and 1997.  Further, much of the State’s newest 
development is occurring in areas that are susceptible to flooding. The 
flood management system does not provide the necessary level of flood 
protection for public safety, property, or economic values in today’s 
Central Valley. 
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Note: Values represent conditions and price levels for the year of the event.  

Source:  Post-flood Assessment, USACE, March 1999 
Figure 3-2.  Flood Damages ($ millions) Caused by Flood Events in 
the Sacramento and San Joaquin River Basins 
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Adequate Funding for Maintenance and Improvements Not Available  
Despite recognition of the risks and potential consequences of flooding in 
the Central Valley, adequate funding for needed maintenance and 
improvements to the flood management system has not been available.  
Before the increased awareness brought about by Hurricane Katrina, 
investment in flood management had declined in recent years at all levels 
of government.  Federal cost sharing for flood control projects has dropped 
from 75 percent to 65 percent in recent years.  At the State level, the 
disaster Preparedness and Flood Prevention Bond Act and the Safe 
Drinking Water, Water Quality and Supply, Flood Control, River and 
Coastal Protection Bond Act (Propositions 1E and 84) have allocated bond 
funding for the FloodSAFE California (FloodSAFE) program, including: 
$3.275 billion for repair and improvements to levees and flood projects in 
the SPFC and the Delta, $680 million for federal flood control projects 
outside of the Central Valley, and $935 million for floodplain mapping, 
flood corridors, stormwater grants, and other flood improvements 
statewide. However, economic decline and the recent fiscal crisis have 
generally decreased available funding from the State for maintenance, 
improvements, and management activities.  And at the local level, reduced 
tax revenues and laws governing the use of property taxes and benefit 
assessments have hindered local efforts to maintain the existing flood 
management system and move forward with necessary improvements. 
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There is a need for sustainable funding for all aspects of flood 
management: maintenance, inspections, enforcement, critical repairs, 
improvements, education, emergency response, and recovery.  With these 
trends in funding, and with increasing demands on the flood management 
system resulting from increased population and changing climate, 
traditional funding approaches may need to be replaced with new, more 
sustainable and financially efficient approaches to improving the flood 
management system that reduce long-term costs. For a more detailed 
analysis of funding challenges, refer to Section 3.4.5. 

New Legislation Increased Protection Requirements for Urban and 
Urbanizing Areas 
Legislation signed in 2007 included new requirements for providing flood 
protection to urban and urbanizing areas in the Central Valley.  The flood 
legislation establishes protection from a 200-year flood event (flood with a 
1-in-200 chance of occurring in any year) as the minimum level of flood 
protection to be provided in urban and urbanizing areas by 2025.  Urban 
areas are defined as a developed area in which there are 10,000 residents or 
more.  Urbanizing areas are defined as 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. 

Cities and counties in the Central Valley are prohibited from entering into 
development agreements, approving permits, entitlements, or subdivision 
maps for construction within a flood hazard zone unless it is protected by 
an urban level of flood protection (CGC Section 65865.5).  Furthermore, a 
city or county may be liable for its fair and reasonable share of property 
damage caused by a flood if the city or county has increased the State’s 
exposure to liability by unreasonably approving new development 
protected by the SPFC (California Water Code (CWC) Section 8307).  
“Unreasonably approved” is defined as approval without appropriate 
consideration of known significant risks of flooding.  The Legislature sets 
deadlines for cities and counties in the Central Valley to amend their 
general plans and zoning ordinances to conform to the CVFPP within 24 
months and 36 months, respectively, of its adoption by the Board.  Once 
the general plan and zoning ordinance amendments are enacted, the 
approval of development agreements and subdivision maps is subject to 
restrictions in flood hazard zones.  Central Valley counties are obligated to 
develop flood emergency plans within 24 months of CVFPP adoption. 

Another perspective notes that many in the agricultural community are 
concerned that improvements to urban flood protection over the past few 
decades have already resulted in “tiered” flood protection levels. The 
agricultural community asserts that relatively lower flood protection levels 
in rural and agricultural areas could benefit urban residents to the detriment 
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of the economic fitness and viability of rural communities. Increased 
protection requirements for urban and urbanizing areas raise concerns that 
agricultural communities could potentially be asked to further sacrifice 
their lands and their livelihoods in the process of improving urban flood 
protection. This perspective asserts that the future of agricultural viability 
in the Central Valley is dependent upon creation of a resilient flood 
management system that is managed in a way that meets the needs of both 
urban cities and their rural neighbors. 
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3.1.7 Challenges to Effective Flood Fight Mobilization 
Flood fighting refers to those actions, procedures, and plans that bear on 
responding to threats to levee integrity to prevent failure, or are involved 
with containing flood waters in the event of a failure and returning the 
impounded water back into water channels or floodways. Challenges to 
effective flood fight mobilization include: (1) confusion regarding flood 
fight roles and responsibilities, (2) insufficient funding or delegated 
spending authority, (3) financially punitive regulations governing non-
jurisdictional emergency response, and (4) lack of comprehensive mutual 
aid agreements covering flood response. 

Confusion Regarding Flood Fight Roles and Responsibilities 
Some LMAs assert that unclear roles for local (city and county) and State 
agencies in supporting flood fight operations impedes quick and effective 
flood fighting during a major flood. LMAs include flood control districts, 
Levee Districts (LD), Reclamation Districts (RD), private levee owners, 
and, in some State-federal project levee reaches, DWR. 

There are multiple perspectives regarding why confusion exists over flood 
fight roles and responsibilities. One perspective asserts that the role of 
various jurisdictions to support flood fights is varied or ambiguous. 
Concerns about funding and potential for reimbursement have led most 
non-LMA jurisdictions to impose narrow interpretations of their roles in 
preventing levee failures or containing waters during a flood emergency. 
Many cities and counties view their roles as restricted to public safety, 
focusing on evacuations and maintaining law and order. The State’s role in 
supporting flood fights can also vary. Under CWC Section 128, DWR 
assumes the role of coordinator for State-level flood fight activities 
including technical advisement, providing stockpiled supplies, coordinating 
mutual aid for flood fight crews, and, in some cases, directly taking charge 
of flood fight activities.  However, it is sometimes unclear to LMAs under 
which role DWR personnel are acting during a flood fight: as technical 
advisors or as fellow responders acting directly on the levee using State 
resources. DWR’s role can change depending on the type of incident and 
the type of requests for assistance made by the LMA. These uncertainties, 
reinforced by concerns over making pre-budget commitments when flood 
fight responsibilities are vague, make flood contingency pre-planning 
difficult and slows actual responses to flood emergencies, especially those 
that require more than basic sandbagging and levee patrol. 

Another perspective asserts that flood fight roles are identified in numerous 
documents and policies that are well established and made publicly 
available, including the Flood Emergency Action Team (FEAT) 
documents, the CWC, and Public Law 84-99 criteria.  Governments are 

3-32 March 2010 



 3.0 Problems and Opportunities 

also required to utilize standardized systems for managing responses to 
multi-agency and multi-jurisdiction emergencies. To use State resources 
during an emergency, the State requires cities and counties to use its 
Incident Command System (ICS)-based Standardized Emergency 
Management System (SEMS), which also integrates the structure and 
processes of the federal government’s National Incident Management 
System (NIMS). Flood fight roles and responsibilities are also reinforced 
annually at preseason flood meetings and training exercises with local, 
State, and federal agencies.  This perspective asserts that the role of various 
jurisdictions to support flood fights is not varied or ambiguous. Instead, 
confusion over flood fighting roles and responsibilities may be caused by 
varying interpretations of existing policies and procedures or the need for 
greater education and outreach to increase awareness of these policies and 
procedures.  

 
 

 
 

 
 

Insufficient Funding 
Funding available to finance flood fight operations varies widely across 
LMAs. Most RDs and LDs can raise only limited funds due to the 
limitations described in Section 3.4.5.  The vast majority of funding is 
expended on general maintenance activities and not held in an emergency 
reserve. At the time of a flood, the ability of these agencies to obtain loans 
to maintain cash flow to support response activities is extremely limited 
because banks are reluctant to lend when the tax base used to repay those 
loans is itself at risk. However, flood fights can be extremely costly 
endeavors; for instance, the American River Flood Control District 
(ARFCD) estimates that a 2- to 3-day flood fight in its jurisdiction would 
cost about $1 million (Sacramento LAFCO, 2003).  
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As noted previously, DWR is the LMA in some State-federal project levee 
reaches. While DWR may be able to mobilize large quantities of flood fight 
supplies (i.e., sandbags, lumber, personnel) quickly in response to a flood 
threat, both DWR and local LMAs are limited in their ability to quickly 
finance more expensive and complicated engineering responses. Some 
LMAs have only a handful of staff members and struggle to perform basic 
maintenance activities even under non-flood circumstances. For instance, 
the Lower San Joaquin Levee District (LSJLD) has about eight full-time 
employees, but is responsible for maintaining a service area of 
approximately 30,000 acres and 191 miles of levees along the San Joaquin 
River and bypass systems (Water Education Foundation interview with 
Reggie Hill, 2009). 

As a result, flood fight responders must often seek assistance or funding for 
rock, supplies, and technical expertise from the next level of local, State, or 
federal jurisdiction. In the past, such requests have been elevated 
immediately to USACE due to State and local concerns over potential 
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disqualification from federal funding reimbursement and the lack of proper 
contingency funding by local and State authorities.  Ultimately, 
overreliance on federal assistance has made the USACE hesitant to grant 
such requests, further slowing effective flood fights. 

Most available State and federal funding sources related to floods are 
aimed at reducing risk and potential damages in advance of a flood or 
reimbursing the appropriate jurisdiction for eligible emergency response 
work—not at helping finance operations during flood fights. After a flood 
occurs, local governments can request State reimbursement for emergency 
response and repair costs under the California Disaster Assistance Act. 
Both State and local governments can also request emergency response and 
recovery cost reimbursement from Federal Emergency Management 
Agency (FEMA) under the Stafford Disaster Relief and Emergency 
Assistance Act (Public Law 93-288, as amended) (Stafford Act), contingent 
on their use of SEMS/NIMS during their responses (CalEMA, 2009a). 
However, both these assistance programs require documented use of 
federal and State emergency management approaches during the event, and 
neither would help an agency fund its activities during a flood. 

Financially Punitive Regulations Governing Non-Jurisdictional 
Response 
Concerns about funding and potential for reimbursement have promoted 
confusion and inaction at the State and local levels during a flood fight. 
FEMA regulations have created disincentives for agencies other than the 
LMA from acting directly on a levee to deal with threats to levee stability 
and prevent flooding.  Under the FEMA policies governing federal 
reimbursement, only costs incurred by an agency within its jurisdictional 
and legal responsibilities will be reimbursed (FEAT, 1997). Thus, both 
DWR and local non-LMA jurisdictions may be reluctant to join a flood 
fight because of the unclear vested responsibility to do so and the resultant 
risk of uncompensated financial burden. For example, a transportation 
agency that provides rock to protect a highway from a flood might not 
receive federal reimbursement if FEMA determined that flood fighting a 
highway was not within the transportation agency’s jurisdiction. Some 
have noted that inconsistent applications of the Stafford Act by FEMA 
have added to the confusion.   

These FEMA regulations create incentives for every agency to avoid 
involvement unless another agency has already made a financial 
commitment. As described previously in this section, fears of absorbing the 
full cost of a flood fight drives maintenance district funding requests to be 
passed rapidly to the federal level. SEMS and NIMS generally encourage 
local and State governments to exhaust their own flood emergency funds 
before providing federal assistance.  This creates a moral hazard for LMAs 
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by giving them an incentive to reduce their flood contingency funding in 
hopes of maximizing federal assistance. There is a need for establishing 
clear thresholds that define the respective flood emergency funding 
obligations from local, State, and federal agencies before a flood fight. 
Lack of such thresholds can lead to further confusion and delays in funding 
flood fights.  

Lack of Comprehensive Mutual Aid Agreements Covering Flood 
Response 
Mutual aid agreements facilitate the sharing of materials and services 
among local agencies, and in some instances between local agencies and 
state agencies, during an emergency. But mutual aid agreements that 
respond specifically to flood-related threats are not in place in all flood-
prone communities.  In addition to maintaining levees, LMAs are 
responsible for preparing for a flood fight and responding directly at the 
scene, and they usually absorb the initial costs associated with both. Flood 
fighting and responding to threats to levee integrity include, in many cases, 
engineering services or materials not normally maintained by many LMAs. 

Although all counties and most cities in the Central Valley participate in 
California’s statewide Master Mutual Aid Agreement (MMAA), the 
agreement is aimed at assisting emergency response from a traditional 
public safety perspective and is not focused on the specific needs of 
responding to threats to levee integrity or floods (CalEMA, 2009a).  For 
instance, repairing a levee break might require specialized materials or 
engineering services more than it requires the assistance of public safety 
personnel; but these types of resources are not included in the MMAA and 
must be purchased rather than shared. 
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3.1.8 Limitations of Emergency Response Capabilities 
to Flood Threats 

Emergency response refers to all actions, procedures, plans, and resources 
used or implemented for public safety at the time of a flood or at the time 
that the potential for levee failure is recognized. Effective emergency 
response to flooding is limited by: (1) institutional capacity, resources, and 
coordination, (2) inadequate local flood contingency planning and regional 
response planning (access, egress, warning, and communications), and (3) 
critical infrastructure located within the floodplain. 

Institutional Capacity, Resources, and Coordination 
There are multiple perspectives regarding the capabilities of agencies and 
organizations for responding to flood emergencies. Some agencies and 
organizations charged with responding in the field during a flood 
emergency lack the capacity, resources and interagency coordination 
necessary to carry out these duties effectively. Due to the long length of 
time between major floods, only a limited number of federal, DWR, and 
local staff have the flood response experience, technical expertise, or local 
understanding to provide assistance to problem sites.  Some assert that the 
availability of these technical experts and engineers may only be sufficient 
for smaller floods in which problem sites are concentrated in a small 
number of locations.  But for floods with widespread threats to levee 
stability, such as the 1997 New Year’s floods, the demand for qualified 
technical staff often outstrips supply. Others assert that while there can be 
no substitute for true emergency response experience, training and 
exercises have provided interim experience in responding to major floods. 

DWR holds a number of regional preseason flood emergency response 
preparation meetings open to all LMAs. However, LMAs and other 
agencies have achieved varied levels of institutional coordination for flood 
response. Some LMAs have pre-emergency relationships with cities, 
counties, city or county agencies, private utilities, or the State that could 
facilitate emergency response activities during a flood. Coordination with 
private utilities, in particular, can be challenging because their emergency 
response plans, procedures and capabilities are generally not publicly 
available.  The City and County of Sacramento both include RD 1000 and 
the ARFCD in their emergency operations plans and cooperates under 
mutual aid (City of Sacramento, 2005; Sacramento County, 2008). In the 
City of Sacramento’s flood evacuation plan, the city identifies how its 
utilities department and personnel would work with RD 1000, ARFCD, and 
DWR during a flood watch or to patrol levees; and coordinate with 
Reclamation, DWR, Sacramento Municipal Utility District (SMUD), and 
Pacific Gas and Electric Company (PG&E) to monitor dam water levels 
and stability (City of Sacramento, 2008). The County of San Joaquin has 
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worked with its RDs to develop flood contingency and evacuation maps 
that establish mutual aid processes, identify options for responding to a 
levee failure, provide evacuation information, and provide a basis for joint 
response.  San Joaquin County also maintains large stockpiles of basic 
flood fight supplies that can be provided to LMAs to support a flood fight. 
Nonetheless, these examples are not universal and many LMAs have not 
achieved this level of coordination and planning before a flood.  

 
 

 

Inadequate Local Flood Contingency Planning and Regional 
Response Planning  

Local emergency response and flood contingency planning varies 
considerably in depth, comprehensiveness, and accessibility across Central 
Valley communities. Regional emergency planning aimed at establishing 
regional and multiagency coordination systems to better manage resources 
and share information is far less common. 

 
 

All of California’s 58 counties and most of its cities maintain at least some 
form of emergency plan because it is a requirement for participating in the 
State’s master mutual aid system (CalEMA, 2009a). NIMS and SEMS 
require Continuation of Government plans and Continuation of Operations 
plans, which detail all of the procedures that define how a government and 
the community will continue or recover constitutional governance and 
essential government functions in the event of a disaster. 

 
 

 

However, few local governments have engaged in detailed flood 
contingency planning addressing flood fight operations or prepared flood-
specific evacuation plans, either locally or regionally. Some local 
jurisdictions have produced flood evacuation plans that identify the range 
of involved agencies and personnel, notification procedures, public and 
private transportation options, evacuation routes, and other related 
information for flood emergencies (City of Sacramento, 2008). Others 
integrate these plans into their overall emergency plans (Shasta County, 
2000). Finally, some jurisdictions have distilled flood emergency 
preparedness and evacuation information into succinct summaries easily 
accessible and digestible by the public (Tehama County, 2009; San Joaquin 
County, 2009).  

3.
1.

8 
 

 

The type of regional, multijurisdictional planning that would help adjacent 
communities and jurisdictions to coordinate more effective emergency 
response is not required or funded at the State or federal levels and does not 
fit cleanly into the standard emergency planning structure of SEMS/NIMS. 
Nonetheless, certain local agencies have spearheaded efforts to develop 
regional flood contingency plans and maps that specifically address flood 
fight operations, and evacuation and rescue options. Certain local efforts 
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have also produced multi-agency coordination procedures to enhance local 
flood fight operations if implemented regionally. 

Critical Infrastructure within the Floodplain 
In many Central Valley communities, the infrastructure needed to facilitate 
the flow of resources into, or evacuees out of, a flooded area would itself 
be incapacitated in the event of a flood. For instance, under various flood 
scenarios in the City of Sacramento, most transportation infrastructure, 
such as major highways, egress routes, lightrail, and Sacramento 
International Airport (SMF) would be partially to completely inundated, 
hindering both orderly and timely evacuation and access for emergency 
response personnel; and the city could experience a shortage or shutdown 
of the fuel supply or electrical distribution system, which could also impact 
water supply and wastewater distribution systems (City of Sacramento, 
2008). 

 



 3.0 Problems and Opportunities 

3.1.9 Challenges to Existing Post-Flood Recovery Plans 
and Programs 

 

Existing post-flood recovery plans and programs are often inadequate. The 
variability in flood emergency 
planning throughout the Central 
Valley’s communities is mirrored in 
the range of comprehensive post-flood 
recovery plans documented. Where 
they exist, these plans are driven, 
generally, by the eligibility 
requirements of the Stafford Act. 
Debris removal and economic 
recovery operations are often 
conducted well after floods, but often 
only to the extent that they are eligible 
for federal reimbursement. 

 
 

 
 

 
 

 
 

 
3.

1.
9 

 
 

 
 

 

 

Debris Removal 
Debris removal is the responsibility of 
affected local jurisdictions and is 
normally conducted in accordance with public law and eligibility criteria of 
the Stafford Act. Without a controlled strategy in place to guide the cleanup 
process, debris removal can require significant time and resources.  

 
Urban Flooding 

Removal of debris on private property that originated on that property 
remains the responsibility of the property owner. Depending on the severity 
and extent of the damage, local communities can receive State and federal 
funding or assistance with debris removal following a flood. But some 
work group members assert that in the event of widespread flooding, the 
formal coordination necessary to secure such assistance may be 
unreasonable and overly bureaucratic.  Environmental regulations can also 
impact or otherwise limit debris removal within the flood channels. In 
addition, flood waters and uncleared debris can invite onlookers and pose 
safety threats to curious members of the public (City of Vacaville, 2007). 
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Timely Restoration of Utilities 
Post-flood recovery plans do not always identify how affected public 

utilities and services will be restored 
following a flood event. Shutdown of 
utilities such as electricity, telephone 
service, and water service can 
severely impede flood response and 
recovery.  Identifying plans and 
procedures for utility restoration 
requires significant coordination, 
especially if the utility provider is a 
private company. 

 
Debris from Flooding 

Inefficient Coordination 
In any given community, the range of 
agencies with legal or voluntary 
responsibilities for disaster recovery 
often cross jurisdictions and levels of 
government. Confusion in recovery 
roles and responsibilities can cause 
inefficiencies. 

Some assert that coordination between State and federal agencies involved 
in administering post-flood disaster recovery and public assistance has 
frequently been poorly executed in the past. These agencies, including 
FEMA, California Emergency Management Agency (CalEMA), DWR, 
USACE, and the Natural Resources Conservation Service (NRCS) share 
many damage assessments or repair responsibilities but have different 
policies and procedures they must follow in carrying out their duties. This 
perspective asserts that poor coordination and conflicting policies in the 
past have slowed the process of completing damage survey reports or levee 
inspections, which consequently delayed the flow of cash to fund debris 
removal and levee repairs (FEAT, 1997a). 

Agricultural Recovery 
Agricultural lands and rangeland are often considered a lower priority 
during a flood emergency and are frequently omitted from post-flood 
recovery operations due to lower flood risk compared to other land uses. 
For instance, the cost of pumping excess water during a flood fight to 
prevent flooding is only eligible for cost reimbursement by FEMA if “there 
is a threat to health and safety or improved property,” (FEAT, 1997a). 
However, since FEMA does not consider agricultural lands to be 
“improved,” an LMA that operates its pumps continually to protect 
farmland from being inundated must bear the full cost on its own (FEAT, 
1997a). 
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Assessing the economic damages to 
crops from a severe flood may only be 
possible several months or years after 
flood waters have receded, at which 
point the damages may no longer be 
eligible for disaster recovery assistance 
funds. For instance, several thousand 
acres of tree crops in Sutter and Yuba 
counties remained under water for 
nearly 2 months following the 1997 
New Year’s floods; problems from 
waterlogging or phytophthora diseases 
were only discovered months, or years, 
after the initial flooding occurred 
(California Agriculture, 1997). 

 
Agricultural Damage from the 1997 Flood 

 
 

 
 

 
 

Regional Economic Recovery  

Both the U.S. Small Business Association and the U.S. Department of 
Agricultural (USDA) provide low-interest loans to individuals, households, 
businesses and organizations in declared disaster areas (CalEMA, 2009a).  
However, the impacts of flood-related disasters on a region’s economy can 
linger for years and leave holes in communities that cannot be patched by 
State and federal programs designed to assist victims. For instance, the 
New Year’s flooding in 1997 resulted in $2 billion in damages, but the 
overall statewide costs associated with the disaster were estimated at more 
than $5 billion (California Floodplain Management Task Force, 2002a). 

 
 

 
3.

1.
9 Ecosystem Flood-Related Issues 

Flooding or flood-related emergency response activities can cause damage 
to habitat and other ecosystem resources.  Repairing these damages through 
restoration is rarely included in post-flood recovery efforts. Although 
effects to ecosystems can be severe, post-flood recovery generally 
prioritizes a community’s economic and social recovery over restoration of 
its ecosystems.
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3.1.10 Limited Understanding of Flood Risk 
Among the public there is a limited understanding of flood risk. The public 
often underestimates flood risks due to: (1) limited access to information, 
(2) false sense of security, and (3) uncertainty regarding responsibility for 
education. 

Limited Access to Information 
With much of the Central Valley’s new development occurring in areas that 
are susceptible to flooding (DWR, 2005b), good floodplain mapping and 
related flood hazard data serve a crucial role in identifying properties prone 
to high flood risk. Local communities, State government, and the private 
sector require accurate, detailed maps to guide development, prepare plans 
for community economic growth and infrastructure, utilize the natural and 
beneficial function of floodplains, and protect private and public 
investments. Floodplain maps are often the main resources used by the 
public and decision makers to understand flood risks. 

Floodplain boundaries often change, pushing properties once thought to be 
outside a flood hazard area inside the flood zone. Shifting properties in and 
out of floodplains sends conflicting messages to the public about flood risk 
and can undermine the credibility of floodplain maps in the eyes of the 
public. 

As described in Section 3.1.5, floodplain boundaries are dynamic because 
of changes in the hydrological record and hydraulic changes in the 
watershed. Section 3.4.2 describes how some maps can also contain poor or 
outdated information. Another source of public confusion is inconsistencies 
between the floodplain boundaries of multiple agencies.  Floodplain 
boundaries provided by USACE, FEMA, and DWR are often different 
from each other due to variation in the available data and levee design 
criteria used.  Levee design criteria are used by a combination of State, 
federal, and local parties to certify levee flood protection. Approximately 
10 to 15 years ago, USACE switched from FEMA’s deterministic design 
approach to a semi-probabilistic approach that USACE developed. 
Notwithstanding, the USACE levee design standards are still evolving and 
appear to be years away from developing an acceptable risk-based 
geotechnical approach for levee design (DWR, 2009h). Meanwhile, many 
communities in the Central Valley protected by State-federal project levees 
will need to demonstrate by 2012 that the levees provide at least 100-year 
flood protection, or risk being mapped inside the 100-year floodplain as 
part of FEMA’s Map Modernization Program. In addition, as described in 
Section 3.1.6, California Senate Bill (SB) 5 requires that all Central Valley 
urban and urbanizing areas achieve 200-year flood protection. To avoid 
delays in providing urgently needed flood protection, DWR provided its 
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own interim levee design criteria to comply with the 200-year flood 
protection standard of SB-5, but the criteria does not necessarily ensure 
compliance with FEMA 100-year certification. The lack of specificity in 
the USACE levee design standards and potential conflict with DWR levee 
design standards has created significant uncertainty on the level of flood 
protection provided and certification status of many Central Valley levees. 
This leads to public confusion about which floodplain maps should be used 
to make informed decisions on managing flood risk. 

 
 

 

False Sense of Security  

While the public’s lack of flood awareness can be partially attributed to 
constantly evolving and confusing floodplain maps, the public also bears 
responsibility for underestimating the risks of flooding. Misunderstandings 
over the binary, “in or out” nature of floodplain maps has sometimes 
caused development to cluster just outside of the 100-year floodplain 
boundary (Independent Review Panel, 2007). Although residences built to 
minimum standards on the border of 100-year floodplains are not required 
to purchase flood insurance, they often face significant flood risk from 
more severe floods. 

 
 

 
 

Many people who have heard the term 100-year flood mistakenly believe 
that it means their home will not be flooded for 100 years. In actuality, it is 
possible that a 100-year flood or larger can occur more than once per year 
or in back-to-back years. For those who live in the 100-year floodplain, 
over the lifetime of a 30-year mortgage, there is a 26 percent chance of 
being flooded by a 100-year flood (California Floodplain Management 
Task Force, 2002b). 

 
 

 

Some of the public also wrongfully assumes that 100-year-certified levees 
will protect them against any level of flooding. While levees reduce the 
occurrence of flooding, they do not protect against the consequences of 
more severe floods. For example, a home built behind a levee designed to 
provide 100-year flood protection is at greater risk than a home built to the 
100-year flood elevation. The home behind the levee could become 
completely inundated from a flood that exceeds 100-year levels. The home 
also has a residual probability of levee failure during floods that are even 
less severe than the design flood (Independent Review Panel, 2007) due to 
unforeseen factors such as poor construction, poor maintenance, undetected 
rodent activity, undetected geotechnical problems, or seismic events. 
Unfortunately, most of the public views a flood as something for the 
government to fix or for the government or insurance companies to pay for 
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after it happens (ASFPM, 2008a), a sentiment reinforced by the Paterno 
decision,22 which is explained in detail in Section 3.4.4. 

Flood awareness is important for property owners outside of the regulatory 
floodplain as well. Not only are these property owners at risk from more 
severe floods, but they can also be subject to devastating economic and 
public safety impacts that extend beyond the regulatory floodplain. Public 
funds are needed for flood fighting, rescue, cleanup, repair, and recovery 
efforts. Flooding can also impede transportation routes and negatively 
impact local businesses and employers. 

Undefined Responsibility for Education 
Educating the public about the risks of flooding is critical to successful 
flood management, especially since public support is needed to approve the 
higher special taxes and assessments necessary to support adequate flood 
control infrastructure. Flood risk is a dynamic and complex topic because it 
is impacted by changes in the hazard (including climate change 
uncertainties), reliability of the data used to assess the hazard, reliability of 
the flood protection structures, and changes in the consequences of a 
flooding event. The public must be educated to understand these flood risks 
and what they can do to mitigate the consequences should flooding occur. 

State, federal, and local flood control agencies have struggled to educate 
the public with a comprehensive and consistent message on flood 
management. Governments and flood control managers are generally more 
adept at operating and maintaining flood systems than communicating the 
needs and challenges of flood management to the public.  At the same time, 
the public must assume greater responsibility for decisions they make about 
where they decide to live and work, especially in flood-prone areas. 
Residents are often greatly concerned over whether their properties require 
flood insurance, but few take the initiative in raising their own flood risk 
awareness. Since neither government agencies nor the public is playing an 
effective leading role in flood education, the popular media sometimes fills 
the void as the public’s primary source of flood education. Unfortunately, 
the popular media tends to provide coverage of flood management issues 
only immediately after a flood and lacks any kind of sustained message. 

 
22 In 2003, the Third District Court of Appeals ruled in Paterno v. State of California that the 

State was liable in inverse condemnation on the basis that a levee, constructed by others 
years earlier but accepted by the State of California into the SRFCP, had been 
constructed improperly. 
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Greater flood control education outreach is needed from State, federal, and 
local governments to regularly educate the public on flood risks and to 
explain what households and businesses can do to reduce or mitigate risk to 
acceptable levels, such as purchasing flood insurance or retrofitting 
buildings. The Yolo Basin Foundation’s Discover the Flyway Program, for 
example, educates K-12 students in Sacramento, Yolo, Solano, and El 
Dorado counties about the flood protection system, flood risks, levees, and 
even elementary planning concepts. 

 
 

 

3.1.11 Limited Understanding about the Beneficial 
Functions of Floodplains  

 

Floods are commonly perceived as destructive forces of nature that must be 
tamed and controlled by the confinement of waterways and levees to keep 
flood waters away from people and their property (ASFPM, 2008b).  This 
common view has led to a minimal understanding among the general public 
of the natural processes that take place in riverine areas and the natural and 
beneficial functions of floodplains. 

 
 

 

Another perspective views flooding as a natural process that forms and 
maintains floodplains. In addition to mitigation for the environmental 
impacts of flood infrastructure, floodplains have a natural capacity for 
flood storage and conveyance which reduces flood velocities and peak 
flows. Floodplains receive flood flows that exceed the conveyance capacity 
of the stream channel and disperse them over an expansive area. 
Floodplains with generally flat topography and alluvial soils provide 
favorable conditions for local ponding and infiltration into the subsurface. 
Stored surface or subsurface water flows to the stream channel gradually, 
increasing the lag time of a flood and reducing flood peaks and velocities. 
Decreases in flood velocity can also reduce erosion and subsequent 
sedimentation in the stream channels (TFNBBF, 2002). 

 
 

 
 

 

With a limited understanding of floodplains, some assert that floodplain 
management decisions have often been made outside of the context of 
watershed-level planning and without adequate consideration for natural 
and beneficial floodplain functions. Altering natural floodplain processes 
for flood management purposes can lead to unintended consequences that 
can actually increase flood risk in some locations. For example: levees that 
constrict or expand the channel can cause sedimentation and scour in 
unanticipated places due to changes in sediment transport dynamics;  
erosion controls can increase lateral channel migration downstream, which, 
in turn, require additional erosion controls; reservoirs can reduce 
downstream flows and promote channel aggradation which reduces channel 
capacity (ASFPM, 2008b).
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Restoring and preserving natural floodplains faces several challenges. 
Some assert that natural floodplains and their beneficial functions continue 
to be lost to encroaching development, mining, agriculture and other 
activities (TFNBBF, 2002). The Federal Interagency Floodplain 
Management Task Force found that the difficulty in quantifying the value 
of natural and cultural resources of floodplains has made it difficult to 
justify government expenditures to preserve floodplains in their natural 
state (FIFMTF, 1992). Some assert that restoring natural floodplain 
processes may also conflict with existing urban development, geographical 
constraints, lack of funding, local zoning regulations, local economic 
considerations, private property rights, water rights, and urban and 
agricultural uses. 

3.1.12 Impairments to Water Quality from Floods 
Floods can impair water quality due to:  (1) groundwater contamination via 
unsealed wellheads, (2) the mobilization of hazardous materials and 
contaminants in the floodplain, (3) mobilization of sediments, and 
(4) contamination of water and wastewater treatment plants. 

Groundwater Contamination via Unsealed Wellheads 
Flooding may impair water quality by contaminating groundwater supplies 
through unsealed wellheads.  Improperly built wells can establish a 
pathway or a conduit for pollutants entering a well from surface drainage or 
between aquifers of varying water quality. 

Mobilization of Hazardous Materials and Contaminants in Floodplain 
and Watershed 
Another way in which flooding can impair water quality is through the 
mobilization of hazardous materials or contaminants.  These materials or 
contaminants may come from mines, feed lots, fuel tanks, septic systems, 
landfills, illegal dumping, or other sources. 

Flood-related reservoir releases during the flood season that temporarily 
inundate floodways can also impact water quality by increasing methyl 
mercury levels. Flooded soils release inorganic mercury, which then 
become methylated by anoxic bacteria to form methyl mercury (Porvari 
and Verta, 1987).  Once methylated, the mercury has 10 times the toxicity 
of inorganic mercury and accumulates in fish (Hecky et al., 1991). 

In addition, prolonged droughts interrupted by intensified flooding events 
from climate change may result in increased runoff and inundation 
episodes and, thus, increased water quality impacts from pollutants in the 
watershed being carried by the runoff. 
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Mobilization of Sediments 
During a flood event, depths and flow velocities are increased in rivers and 
channels.  The increases in flow velocities increase the sediment transport 
and erosive capacities along stream corridors, resulting in scouring of 
channel beds and erosion along unstabilized channel banks.  The sediment 
loads associated with flood flows under these conditions cause turbidity 
and impair water quality. 

 
 

 

Contamination of Water Treatment and Wastewater Treatment 
Facilities  

Urban areas within the Sacramento and San Joaquin river basins use 
treatment facilities to process wastewater, discharge treated wastewater into 
rivers, and/or evaporate the treated wastewater in large open ponds.  
Smaller communities and individual homes use septic tanks and leach 
fields for dispersion of wastewater effluents. Many of these leach fields are 
located within the floodplain and many wastewater treatment facilities are 
located adjacent to waterways. During flood events these wastewater 
treatment facilities are susceptible to 
damage.  In addition to damaged facilities, 
untreated or partially treated wastewater 
could spill or be discharged into waterways, 
affecting source water quality.  Spills 
upstream could also affect the water quality 
of the Delta, which provides water to two-
thirds of the State’s population. Expected 
sea level rise from climate change may 
increase the risk of storm surge and 
flooding to some  infrastructure, including 
wastewater treatment plants (DWR, 2008b). 

 
 

 
 

 
 

 

Drinking water treatment plants are also 
traditionally built near rivers or waterways 
to have access to source water for 
treatment. A water treatment plant often 
comprises operations buildings, large 
underground finished-water clearwells and 
aboveground water storage tanks. If these get flooded, the water becomes 
contaminated and the plant becomes inoperable, which could render a 
community without water for extended periods. 

 
Many water and wastewater treatment facilities are 

located adjacent to waterways 
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3.1.13 Flood System Maintenance Can Disturb Sediment 
and Negatively Impact Water Quality 

Flood system maintenance, such as dredging and clearing, can disturb 
sediment and negatively impact water quality. Dredging projects are 
ongoing activities necessary to remove sediment and improve flood 
control, keep ship channels open, and control riverbank erosion. While 
dredging activities increase the channel capacity for flood flows, they can 
also disturb sediment and contribute to several water quality impacts.  
Specifically, dredging can potentially increase high suspended solids and 
turbidity. Oxygen-consuming compounds that are potentially released can 
decrease dissolved oxygen (DO) levels and harm aquatic species. Dredging 
can also mobilize metals such as mercury from the sediment (Humphreys, 
2005). Dredging or clearing operations must be properly permitted and 
monitored so that potential water quality impacts are minimized. 

Pesticide and herbicide runoff from vegetation management on levees can 
also negatively impact water quality. Pesticide and herbicide runoff are 
influenced by many factors including: adsorption, solubility, and 
persistence of the pesticide or herbicide, soil characteristics, topography, 
and usage and application patterns. 

3.2 Operation and Maintenance 

O&M (including significant repairs) of the flood management systems in 
the Sacramento and San Joaquin river basins are difficult and often 
deferred due to limitations from original system design, prevalent system 
encroachments, inconsistent standards and practices, complex and 
onerous permitting and mitigation requirements, and lack of reliable 
funding sources and financial instruments. 

Effective O&M of the flood management systems in the Sacramento and 
San Joaquin river basins faces several challenges. Table 3-2 lists 
contributing factors related to operation and maintenance problems, and 
their relevance to each of the five planning regions. The following 
discussion reflects the views and perspectives of all participants and input 
received, recognizing that there are differing opinions on the magnitude, 
relative importance, or underlying causes of the identified problem and its 
contributing factors.
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3.2.1 Difficult to Adequately Maintain Levees and 
Channels According to Operation and Maintenance 
Manuals 

It is often difficult to adequately maintain levees and channels as prescribed 
in O&M manuals. Factors that contribute to O&M challenges include: (1) 
permitting and mitigation requirements and/or restrictions, (2) vegetation 
growth, (3) lack of sustainable funding for proactive maintenance, and 
(4) inconsistent federal, State, and local maintenance standards, practices, 
and implementation. 

Permitting and Mitigation Requirements and/or Restrictions 
Challenges associated with permitting and mitigation requirements and/or 
restrictions include the cost and timeliness of the process and restrictive 
construction work windows, and uncertainty regarding permitting and 
mitigation requirements for routine maintenance. 
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Table 3-2.  Operation and Maintenance Problem Statement Contributing Factors Summary 

Contributing Factors 

Regional Differences*  
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N/A = Problem not applicable to region 
 = Problem is relevant to parts of the region** 
 = Problem is relevant to the entire region** 

It is often difficult to adequately maintain levees and 
channels according to operation and maintenance 
manuals because of the following:            

a) Permitting and mitigation requirements and/or restrictions       

i) Cost and timeliness of process       

ii) Restrictive construction work windows       

iii) Uncertain permitting and mitigation requirements for 
routine maintenance       

b) Vegetation growth       

c) Lack of sustainable funding for proactive maintenance       

i) Insufficient revenue generation       

ii) Disproportionate cost of permitting       

d) Inconsistent and/or conflicting federal, State, and local 
maintenance standards,  practices and implementation       

e) System design characteristics (designed to flush sediment, but 
now impacting levees) 

      

Institutional and financial arrangements hinder 
systemwide approaches to major repairs.       

Incorporating environmental benefits into flood 
management system maintenance, repair and 
improvement projects may increase local responsibilities 
and costs.  

      

Notes: 
* Table is intended to graphically capture the regional differences.  The identified problems and opportunities contained in this table 
include the views, perspectives, and input of all participants.  At this point in the planning process, there are differing opinions on 
whether all of the items included as problems and opportunities are in fact problems that should be evaluated further.  There are 
also differing opinions about the magnitude, relative importance or underlying causes of the identified problems and opportunities. 
This table is subjective, not meant to be scientifically precise and not meant to imply that technical or scientific documentation about 
the condition is necessarily available. 
** “Relevant" indicates that a region is currently experiencing the problem or previously experienced problems associated with a 
particular contributing factor.  In those instances where the problem was previously experienced, the region may have resolved the 
problem, but concerns remain over the problem potentially recurring in the future. 
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Cost and Timeliness of Process   There are many perspectives on the 
influence of permitting and mitigation requirements on maintenance 
practices. One view holds that the current process for obtaining permits and 
mitigating potential impacts involves coordination with multiple agencies 
to comply with unfunded mandates that can exceed the budgets of smaller 
LMAs.  Most LMAs have limited funding sources, and some have 
expressed that they are spending an increasingly larger portion of their 
operating budget obtaining permits to perform required maintenance 
activities.  With multiple permits required for most maintenance and 
mitigation activities, and no central location for coordinating the process, 
obtaining the necessary permits can take much longer than the actual work.  
In addition, many permitting agencies are understaffed, which increases the 
duration for obtaining permits. The terms and conditions from one 
permitting agency can sometimes be incompatible or conflict with those 
from another agency. Also, permits only apply for a limited time period, 
requiring LMAs to reapply for permits to implement long-term mitigation 
over multiple years.  While site-specific permitting is more costly and 
ineffective over the long-term, it remains a common practice because the 
large majority of LMA’s lack the upfront funding needed for programmatic 
permitting practices. Although habitat compensation ratios often vary to 
account for factors specific to each project and mitigation site, some LMAs 
assert that a technically defensible criterion that allows consistent inclusion 
and valuation of habitat is lacking.  

 
 

 
 

 
 

 
 

 

Another perspective holds that much of the increased cost of complying 
with permitting and mitigation requirements stems from the fact that the 
original flood management system was constructed at a time when current 
societal values for environmental sustainability were not in place. This 
increased the cost and difficulty of operating and maintaining the existing 
flood system to achieve the multiple benefits modern society now expects 
from its flood management system.  Similarly, traditional funding 
mechanisms were also established during a time when maintenance 
activities were less sensitive to environmental impacts and therefore did not 
cost as much as they do today.  The increased cost of complying with 
current permitting and mitigation requirements reflects the real costs 
associated with achieving the multiple benefits (including environmental 
benefits) that the public now expects from its flood management system. 
These costs can also be reduced if ecosystem processes are incorporated as 
part of the design of a sustainable flood management system. 

 
 

 
 

 
 

3.
2.

1 Restrictive Construction Work Windows   Various construction work 
windows, including environmental constraints and agricultural operations, 
can often restrict the timing and duration of effective levee maintenance. 
Confined work windows can result due to: federal and State Endangered 
Species Acts (ESA) species, flow/reservoir operations, water quality, 
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temperature, precipitation, farming operations, funding, and equipment 
availablity. Figure 3-3 provides a conceptual example of seasonal 
biological constraints for potential construction activities. These can lead to 
deferral of important maintenance or repair activities, or construction 
delays that can significantly increase the cost of the projects.  Because of 
the restricted work window for levee maintenance or improvements, LMAs 
must wait for their spring inspection to determine the full extent of the 
damage from the previous flood season.  However, once the inspection is 
completed and the appropriate permits are obtained, it is often too late to 
perform the construction within the work window. 
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For example, preconstruction surveys for raptor nests are required, as are 
measures to avoid disturbing any identified nests during construction.  If 
Swainson’s hawks are observed nesting within 0.5 mile of a project site, 
construction may not begin until the offspring have fledged the nest, or 
until after a specified date agreed upon through consultation with 
California Department of Fish and Game (DFG).  Furthermore, in such a 
case, all measures in the DFG’s Draft Mitigation Guidelines for Swainson’s 
Hawk (Buteo swainsoni) in the Central Valley of California (DFG, 1993), 
and DWR’s standardized protocol for Swainson’s Hawk impact avoidance 
and mitigation measures must be implemented.  Similarly, in-water 
construction activities must occur during the U.S. Fish and Wildlife Service 
(USFWS)- and National Marine Fisheries Service (NMFS)-approved work 
window for special-status fisheries species. 

In addition to the constraints mentioned above, the State budget cycle can 
also restrict construction work windows due to the timing of State funds 
authorization. For State agencies, funding is often frozen around the change 
of the fiscal year until a budget is signed.  For the last several years, delays 
in passing the State budget have handicapped construction during the 
summer months when construction could be taking place. 

Uncertain Permitting and Mitigation Requirements for Routine 
Maintenance   There are different perspectives on the conditions in which 
permitting and mitigation may or may not be required for routine 
maintenance. Most routine maintenance has historically been exempt from 
permitting and mitigation requirements. However, some routine 
maintenance activities identified as necessary when the system was 
originally constructed have today become incompatible with regulations 
put in place to protect native habitats and the threatened and endangered 
species they support. The definition of what constitutes routine 
maintenance is also subject to interpretation. This situation creates 
regulatory uncertainty for both the LMA’s and regulatory agencies.  
Creation of a general permit for routine maintenance that would define 
clear routine maintenance guidelines over a multiple-year period is difficult 
because biological conditions evolve over time and it is challenging to 
predict which species will become threatened or endangered in the future. 

Vegetation Growth  
As mentioned previously, the impact of vegetation growth on levees and 
channels is the subject of ongoing study and evaluation. One perspective 
notes that vegetation growth can impede access for levee maintenance and 
inspection and obscure visibility of the levee surface. In some cases 
vegetation growth on levees may increase maintenance and repair costs by 
hiding structural problems or deficiencies that if identified earlier, could 
have been fixed more quickly and cost effectively.  Vegetation may also 

3-54 March 2010 



 3.0 Problems and Opportunities 

provide cover for burrowing rodents to develop burrow networks within 
levees. If vegetation management has been deferred for several years due to 
funding or other constraints, vegetation growth can result in the 
establishment of habitat that requires additional permits or mitigation 
before maintenance activities can be resumed. 

 
 

Furthermore, some forms of vegetation in the channels can reduce flow 
velocities, obstruct debris movement, and increase sedimentation (as 
described in Section 3.1.1).   Channel ownership and responsibility for 
vegetation management is ill-defined for most channels, which further 
complicates channel maintenance. 

 
 

 

Another perspective asserts that 
vegetative growth can help reduce 
maintenance on levees by reducing 
erosion through root reinforcement and 
vegetative cover (see Section 3.1.2). 
Impacts to levee inspections can be 
reduced by taking greater account of 
vegetation in initial levee planning and 
design.  Vegetation planted in rows 
can allow for access and visual 
inspection of the levee (River Partners, 
2010). Similarly, impacts of vegetation 
in the channels can be reduced by 
planting flexible-stem plants and 
grasses that bend and armor the 
channel bottom, as described in Section 3.1.1. Pocket gophers and ground 
squirrels are unlikely to be attracted by woody vegetation because they are 
known to prefer open grassland habitat where they can view predators 
approaching (River Partners, 2010). 

 
Channel Vegetation 

 
 

 
 

 
 

 

A unique example of channel vegetation management in the lower 
Sacramento River Basin is the partnership between agricultural operations 
and flood control in the Yolo Bypass. Agricultural operations, such as 
discing, plowing, and harvesting, keep thousands of acres of the Yolo 
Bypass clear of vegetation that would otherwise slow down flood flows and 
obstruct debris movement.  This partnership with agriculture reduces the 
cost of vegetation management and does not require outside funding from 
LMAs.  However, others assert that these partnerships may not be possible 
where land ownership is by private parties and flood easements provide 
only for the passage of seasonal flood flows and certain limited 
maintenance activities. 
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Lack of Sustainable Funding for Proactive Maintenance 
Many LMAs lack sustainable funding sources for routine repairs, let alone 
proactive maintenance.  With tax laws limiting the ability to increase local 
revenue, and increasing costs of permitting and maintenance, the LMAs are 
facing more obstacles to creating stable funding sources for proactive 
maintenance. For additional discussion of funding challenges, refer to 
Section 3.4.5. 

Insufficient Revenue Generation   Funding for flood management is 
derived from a number of State, federal, and local sources, primarily 
through tax revenues and assessments or emergency declarations.  At the 
local level, there are a large number of LMAs with a wide variety of 
funding levels and sophistication, but all with similar responsibilities. 

Local governments are restricted by two constitutional amendments 
governing the use of property taxes or benefit assessments:  Propositions 13 
and 218.  Originally intended to prevent government agencies from raising 
taxes without sufficient input from the public, these propositions require a 
two-thirds majority vote to raise special taxes and can restrict the use of 
taxes for flood management purposes. Special benefit assessments can be 
passed with a weighted majority of affected property holders. But 
Proposition 218 rules governing the calculation of assessments lowers the 
amount local governments can collect through assessments and also 
increases the costs of carrying out an assessment. 

Smaller communities especially suffer from an inability to generate enough 
revenue to provide proactive maintenance.  Smaller LMAs often do not 
have the money, staff, or expertise to mount a successful special 
assessment campaign and election.  Smaller communities are often 
dependent on the State or federal government to help fund projects, yet 
worry that lack of local revenue generation limits their ability to perform 
maintenance, and thus to maintain Public Law 84-99 eligibility, which can 
in turn jeopardize these communities’ State and federal emergency funding. 

Failure to properly maintain levees and other facilities can result in 
significant threats to public safety as well as catastrophic damages that 
subject the entire State to financial liability. Ultimately, all taxpayers carry 
the financial burden of catastrophic flood damages through State and 
federal subsidized disaster assistance and recovery programs, such as 
FEMA’s National Flood Insurance Program (NFIP).  Loss of Public Law 
84-99 funding for inadequate maintenance would place the entire financial 
burden for post-flood recovery efforts on the State and local interests. 

Disproportionate Cost of Permitting   Most permits cost the same, 
regardless of the magnitude of the maintenance or repair.  With smaller 
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projects, this can often create instances where the cost of the permit to 
execute the work exceeds 20 percent of the total project cost.  When 
permitting costs make up a large proportion of the project costs, it can often 
reduce the cost-benefit ratio to less than 1, thus rendering the project no 
longer feasible for federal cost sharing. 

 
 

Inconsistent and/or Conflicting Federal, State, and Local Maintenance 
Standards, Practices, and Implementation 

 

Maintenance of the State-federal project levees is administrated differently 
from non-project levees, which leads to inconsistency in system 
maintenance and performance.  The State relies heavily on a large number 
of LMAs to maintain State-federal project levees consistent with USACE 
standards (to maintain Public Law 84-99 eligibility), State guidance, and 
conditions set by environmental regulatory agencies.  Local entities and 
private landowners also conduct maintenance on numerous private levees 
and other non-project facilities throughout the Central Valley and the Delta, 
for which there are no federal standards, even if they provide flood 
protection for the same land area as State-federal project levees. Some 
LMA’s view that although non-project levees provide some statewide 
benefits, they are not funded or prioritized commensurately.  Poorly 
maintained non-project levees can limit the effectiveness of adjacent or 
associated State-federal project levees. 

 
 

 
 

 
 

Conflicting guidance in relation to vegetation and debris management can 
make it difficult for local agencies with limited budgets to conduct 
maintenance activities efficiently.  As mentioned previously, USACE has 
national standards that limit vegetation on levees. This policy is in conflict 
with the vegetation management policies of other State and federal 
agencies.  As an interim step in meeting these national standards, DWR 
prepared interim levee vegetation management criteria for trimming and 
thinning of vegetation for use until 2012. In the long-term, the State will 
seek to conserve and enhance riparian habitat on the waterside of levees 
and aggressively pursue compliance with the national levee standards 
through the use of improved maintenance inspections, phased vegetation 
management practices, regional variances, and other management tools that 
would be consistent with a multi-species and floodplain conservation 
strategy for the ecosystem (California Levees Roundtable, 2009). 

 
 

 
 

 

There are multiple perspectives on the consistency of State and federal 
levee inspections. Some assert that the application of rules and regulations 
sometimes varies, depending on the inspector. They also contend that 
differences in State and federal O&M standards can also result in 
conflicting inspections results between State and federal inspectors. Others 
assert that while inconsistencies existed in the past, recent improvements in 
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the inspection process and better coordination have helped significantly 
reduce inconsistencies between State and Federal inspectors. 

Some LMAs believe that evolving standards and interpretations can lead to 
a lack of agreement on various issues such as erosion protection within the 
floodway and distinguishing between maintenance deficiencies and design 
deficiencies.  Consequently, there is a need for standardized maintenance 
policies, processes, and responsibilities for LMAs, and a standardized 
approach to inspections, oversight, permitting, and enforcement. 

System Design Characteristics (Designed to Flush Sediment, but 
Now Impacting Levees) 
As described previously in Section 3.1.2, in many levee reaches, the flood 
control channels were originally designed to flush out sediments that 
accumulated in the Sacramento River Basin from hydraulic mining 
activities in the late 1800s. Levees were constructed on the river banks in 
direct contact with the river to channelize flow.  The powerful flushing 
flows are now eroding the natural channel banks and the flood protection 
levees placed on them. The narrow channels often require bank protection 
and other maintenance to reduce erosion and avoid potential levee failure. 

3.2.2 Institutional and Financial Arrangements Hinder 
Systemwide Approaches to Major Repairs 

Levees are currently evaluated and repaired in a piecemeal fashion rather 
than looking more broadly at the entire flood protection system. 
Unfortunately, if one levee is not maintained properly, the entire levee 
reach can be compromised. A systemwide approach to major repairs is 
needed because a project-by-project approach precludes opportunities for 
integrating structural and nonstructural techniques to improve and maintain 
the entire system. 

There are several institutional and financial impediments to implementing 
systemwide approaches to major repairs. A systemwide approach is 
difficult to coordinate across numerous LMAs who are each responsible for 
their own jurisdictions. The fragmented structure of LMAs also results in a 
lack of adequate funding for each LMA to conduct systemwide repairs.  
Furthermore, federal funding for rehabilitation assistance authorized 
through USACE Public Law-84-99 is limited to repair or restoration of the 
damaged levee to its pre-disaster condition and level of protection (e.g., the 
actual elevation of the levee, allowing for normal settlement). 
Rehabilitation of the levee beyond this level or for levees in other areas that 
would improve system performance would not receive federal assistance. 
Some note that a new emphasis is being placed on ensuring protected areas 
are notified of any levee segments not meeting inspection standards within 
the overall system. 
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3.2.3 Incorporating Environmental Benefits into Flood 
Management System Maintenance, Repair, and 
Improvement Projects May Increase Local 
Responsibilities and Costs 

3.
2.

3 
 

Flood management system maintenance, repair, and improvement projects 
are increasingly incorporating environmental objectives into their design 
and implementation. It is not uncommon for new flood management 
projects to include riparian habitat restoration activities that go beyond 
mitigation requirements. These additional restoration activities serve to 
preserve and improve floodplain and related habitat and promote integrated 
water management. 

 
 

 

There are several real and perceived barriers to incorporating 
environmental benefits into flood management projects. The risk of future 
liability and mitigation requirements can motivate local agencies and 
private landowners to remove and/or prevent reestablishment of riparian 
habitat. If the restoration area becomes habitat for endangered species over 
time, federal ESA requirements could prevent the landowner from 
conducting routine vegetation maintenance.  The long-term monitoring and 
maintenance costs of managing restoration areas may also be a deterrent if 
these costs fall on local maintaining agencies. Some agricultural 
landowners have also expressed concerns regarding the potential for 
restoration activities to affect their property values, taxes, crop losses due 
to pests, and friction with neighboring property owners. 

 
 

 
 

 

There is a need to coordinate with and consider the effects on neighboring 
landowners during design and management of restoration areas. Safe 
harbor agreements may provide a means to provide assurances to 
landowners. While safe harbor agreements have not been widely 
implemented yet, a recent safe harbor agreement program has been created 
to cover 222 miles of the Sacramento River from Red Bluff Diversion Dam 
to Verona. 
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3.3 Ecosystems 

Many management actions that could be taken to improve flood risk 
management and O&M can also provide significant opportunities for 
improvements to native habitats and species, and important natural 
hydrologic, geomorphic, and biologic processes in the Sacramento and 
San Joaquin river basins. 

In many parts of the Sacramento and San Joaquin river basins, dynamic, 
self-sustaining hydraulic and biological processes are severely 
compromised. Several factors have caused a decline in the health of the 
riverine ecosystem over the last 150 years to the point today that the system 
is no longer able to support sustainable populations of many species.   
Table 3-3 lists contributing factors related to ecosystem problems, and their 
relevance to each of the five planning regions. The following discussion 
reflects the views and perspectives of all participants and input received, 
recognizing that there are differing opinions on the magnitude, relative 
importance, or underlying causes of the identified problem and its 
contributing factors. 
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Table 3-3.  Ecosystem Problem Statement Contributing Factors Summary 

Contributing Factors 

Regional Differences*  
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N/A = Problem not applicable to region 
 = Problem is relevant to parts of the region** 
 = Problem is relevant to the entire region** 

There has been a loss, fragmentation, and degradation of 
native habitat and species  because of the following:            

a) Loss and fragmentation of habitat and lack of connectivity 
between floodplains and river systems       

b) Introduction and establishment of invasive species       

c) Limited environmental regulation coordination       

d) Conflicts between maintenance practices and ecological 
processes       

e) Obstacles to successful mitigation (coordination, funding, 
monitoring, and adaptation)       

Flood system development and regulated dams and 
reservoirs have negatively impacted natural hydrologic, 
geomorphic, and biologic processes because of the 
following: 

           

a) Engineered/constrained channels and related facilities       

b) Changes in flow regime (duration and timing)       

Notes: 
* Table is intended to graphically capture the regional differences.  The identified problems and opportunities contained in this table 
include the views, perspectives, and input of all participants.  At this point in the planning process, there are differing opinions on 
whether all of the items included as problems and opportunities are in fact problems that should be evaluated further.  There are also 
differing opinions about the magnitude, relative importance or underlying causes of the identified problems and opportunities. This 
table is subjective, not meant to be scientifically precise and not meant to imply that technical or scientific documentation about the 
condition is necessarily available. 
** “Relevant" indicates that a region is currently experiencing the problem or previously experienced problems associated with a 
particular contributing factor.  In those instances where the problem was previously experienced, the region may have resolved the 
problem, but concerns remain over the problem potentially recurring in the future. 
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3.3.1 Loss, Fragmentation and Degradation of Native 
Habitat and Species 

Human settlement, agricultural development, and development of the 
Central Valley’s flood management and water delivery infrastructure have 
reduced the original habitats in the Central Valley to a small percentage of 
their original extents (CVHJV, 1990; Hickey et al., 2003; Kelly et al., 
2005; TNC, 1987). Loss of habitat has contributed to the listing of 
threatened and endangered species and rare plants within the CVFPP 
planning area. Factors that have contributed to the loss and degradation of 
native habitat and species include: (1) Loss and fragmentation of habitat 
and lack of connectivity between floodplain and river systems 
(2) introduction and establishment of invasive species, (3) limited 
environmental regulation coordination, (4) conflicts between maintenance 
practices and ecological processes, and (5) obstacles to successful 
mitigation. 

Loss and Fragmentation of Habitat and Lack of Connectivity between 
Floodplains and River Systems 
While habitat degradation has been caused by a wide variety of factors, the 
construction and O&M of the flood management system have contributed, 
in part, to a loss of habitat and fragmentation of remaining habitat within 
the Central Valley. Some assert that it has been difficult to reconcile O&M 
with the preservation of habitat and necessary connectivity because the 
system was not designed with ecosystem sustainability as a goal.  

The quantity, quality, diversity, and connectivity of riparian floodplain, 
wetland floodplain, and shaded riverine aquatic (SRA) habitat along the 
Sacramento and San Joaquin rivers is limited due to reservoir flow 
regulation, confinement of the river system by levees, bank protection, 
channel stabilization, and clearing of land for agricultural and urban uses. 
Levees isolate portions of the historic floodplain, greatly reducing its 
exposure to periodic flooding, which is required for sustainable riparian 
and wetland habitat ecosystems. 

In reaches with levees, the riparian floodplain, wetland floodplain, and 
SRA cover habitats are confined to a narrow, intermittent fringe, separated 
by large reaches with limited or only low-quality habitats.  Lack of linear 
continuity of riparian habitats, or wildlife corridors, impacts the movement 
of wildlife species among habitat patches and results in a lack of diversity, 
and population complexity, and viability. Fish species are particularly 
vulnerable to a lack of habitat connectivity; stranding occurs in bypasses 
due to channels and weirs that were not designed to allow fish passage. 
Connectivity among remnant patches of native habitat, as well as 
interaction with the related fluvial processes that shaped these habitats, has 
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been reduced or altered to the point that many species are presently 
considered to be rare, threatened, or endangered by the USFWS, DFG, or 
California Native Plant Society (CNPS). 

 
 

The relative lack of seasonal floodplains within the lower Sacramento 
River Basin (with the exceptions of the Yolo and Sutter bypasses and lower 
Cosumnes River) and their complete absence in the San Joaquin River 
Basin is likely one reason for the observed decline of Chinook salmon, 
Sacramento splittail, and similar special-status species that are adapted to 
exploit the dynamic nature of seasonal floodplain habitats.  Another reason 
for the observed decline in salmonid populations throughout the region is 
the decline of SRA habitat throughout the study area. 

3.
3.
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There are a number of current and future challenges related to the loss and 
fragmentation of habitat, including the following: (1) urban development in 
floodplains encroaches on existing habitat, eliminates opportunities for 
habitat restoration, setback levees and agricultural uses, (2) challenges in 
managing agricultural lands for wildlife benefits while maintaining a 
profitable agribusiness, (3) difficulties in managing the flood system for 
ecosystem benefits while effectively protecting public safety, (4) high risk 
of future levee failures in the Delta, reducing the probability of long-term 
success for restoring terrestrial habitat and tidal marsh on Delta lands 
below sea level, (5) changes in seasonality, quantity and temperature of 
water, as well as sea level rise, that may affect the quality, quantity, and 
connectivity of terrestrial and aquatic habitat due to the effects of climate 
change, and (6) lack of an ecosystem-wide approach to managing the 
remaining habitat in the Central Valley. 

 
 

 
 

 
 

The integration of ecosystem stewardship and flood risk reduction through 
reconnecting riparian habitat fragments could create opportunities for long-
term environmental sustainability, transitory storage and improved water 
quality. 

 

Introduction and Establishment of Invasive Species  

While a wide variety of factors (i.e., ballast water, recreational boating, 
pets) contribute to the establishment of invasive and nonnative species, 
flood management facility construction and operation have also played a 
role in disturbing natural processes and biological communities. For 
example, flood management operations and upstream water flow 
management influence hydrodynamic conditions in the Delta by reducing 
the historical salinity gradients under which native species evolved. This, in 
turn, creates conditions favorable for invasive species and disrupts aquatic 
food webs, reduces habitat suitability for native species, and increases 
predation and competitive pressures on native species. The past and 
continuing introduction of aquatic, riparian, and upland invasive species 
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can reduce the effectiveness of flood management facilities, as well, by 
decreasing the capacity of floodways. 

Introductions of nonnative and invasive species have contributed to a 
decline in the number and function of native wildlife and plant 
communities (Cohen and Carlton, 1998). The Central Valley and Delta 
now contain an unknown number of nonnative species, and a new species 
(many of which are aquatic invertebrates) is estimated to be introduced at 
least every 14 weeks (Cohen and Carlton, 1998). These species have 
dramatically altered the structure of the Delta’s aquatic food web to the 
detriment of native pelagic fish and aquatic organisms (Sommer et al., 
2007). Nonnative, invasive plant species that are similarly detrimental to 
native ecosystems are widespread within the study area where they often 
out-compete native plants for light, space, and nutrients, further degrading 
habitat quality for native fish and wildlife (CALFED, 2000b).  Currently, 
there is limited public support for invasive species control. 

Limited Environmental Regulation Coordination 
Multiple regulatory agencies are responsible for ensuring the protection or 
mitigation of environmental resources impacted by flood management 
activities. Some believe that this fragmented regulatory structure can lead 
to a lack of shared understanding and vision among and within the 
regulatory agencies. Regulatory requirements can sometimes be subject to 
dissimilar interpretation by different individuals, agencies, and regions, 
which can result in inconsistent implementation, enforcement, and 
regulatory actions. Poor coordination among regulatory agencies can 
greatly increase the challenges of regulatory compliance.  

For example, onsite vegetation restoration may be required by a permitting 
agency to replace loss of wetland habitat from a flood maintenance activity. 
But the proposed onsite restoration activities may not be counted as 
mitigation because another permitting agency requires mitigation in 
advance of construction through payment of in-lieu mitigation fees. The 
LMA would then be required to pay the costs of in-lieu mitigation fees in 
addition to the cost of the onsite vegetation restoration to comply with both 
permits. This predicament can be difficult to navigate out of and can result 
in delays and added costs. 

Conflicts Between Maintenance Practices and Ecological Processes 
Flood maintenance activities can sometimes conflict with the attainment of 
ecosystem goals. Levee and floodway maintenance practices and policies 
reduce or eliminate habitat complexity within river corridors that many 
native aquatic and terrestrial species are dependent on. For example, 
mandatory flood system maintenance activities, such as the USACE’s levee 
vegetation policy, are often in direct conflict with ecosystem needs. There 
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is also concern that possible future levee strengthening and construction 
activities may lead to larger levee footprints and, if not coordinated 
properly, could result in further habitat loss and degradation. There is an 
opportunity to develop long-term, sustainable practices that benefit both the 
O&M needs of the flood management system and promote sustainable 
ecosystems. 

Obstacles to Successful Mitigation (Coordination, Funding, 
Monitoring, and Adaptation) 
Historically, flood damage reduction projects have focused on offsetting 
adverse impacts to environmental resources through implementing 
mitigation actions as part of a potential project. Obstacles to successful 
mitigation include: limited understanding of biological restoration needs 
for some habitats, poor locations and small size of mitigation projects 
(which may lead to high management costs per acre and limit long-term 
feasibility and functioning), unclear goals and adaptive management 
planning, lack of monitoring and abandonment before full completion, 
insufficient estimates of funding needs, inadequate long-term funding, 
opposition from neighboring landowners, and difficulties in finding 
suitable sites due to conflicting land uses. Creation of mitigation habitat in 
some areas is also complicated by local government concerns about new 
public lands that do not contribute to county tax revenues. 

Mitigation planning has dramatically improved in recent years, providing 
better understanding of what it takes to achieve successful mitigation. More 
recent approaches have included incorporating ecosystem restoration 
actions into the construction and maintenance activities themselves, which 
can reduce overall mitigation requirements. 
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3.3.2 Flood System Development and Regulated Dams 
and Reservoirs Have Negatively Impacted Natural 
Hydrologic, Geomorphic and Biologic Processes 

The construction of dams, levees, bank revetments, engineered channels 
and related flood management facilities has altered natural flow regimes, 
resulting in changes to the natural hydrologic, geomorphic, and biologic 
processes in the Sacramento and San Joaquin river basins. 

Engineered/Constrained Channels and Related Facilities 
Throughout the Sacramento and San Joaquin river basins, channels have 
been engineered to move water quickly and increase conveyance capacity.  
Construction of levees immediately adjacent to streams, continual bank 
protection and channel stabilization not only reduces floodplain storage 
capacity resulting in larger downstream flooding, but can also severely 
modify natural geomorphic processes such as erosion, deposition, and 
channel meandering. These processes are all important for the long-term 
physical and biological sustainability of the river ecosystem. For example, 
steep eroding banks are vital to wildlife in that they provide nesting habitat 
for many species, including the bank swallow, a State-listed threatened 
species. Reducing deposition processes can inhibit the establishment of 
riparian vegetation. Under normal conditions, newly deposited materials 
are quickly colonized and stabilized by willows and other opportunistic 
species and are further colonized by other riparian species. Channel 
dredging activities also restrict natural fluvial processes and greatly impact 
benthic organisms and habitat. 

Channelization has also led to levee and channel incisions in some areas, 
which can disconnect floodplains from their rivers. This disrupts or 
eliminates ecological processes such as floodwater detention, groundwater 
recharge, riparian vegetation recruitment, nutrient exchange, sediment 
deposition, and fish rearing that are supported or enhanced by seasonal 
floodplain inundation. 

Other facilities such as dams and weirs have created physical barriers to 
fish passage throughout the river systems. Increased sediment deposition 
from water diversions have also created physical barriers to fish passage. 

Changes in Flow Regime (Duration and Timing) 
The hydrologic regime has been altered by the construction and operation 
of flood management facilities. In most river systems in California today, 
the current pattern of flows does not match or approximate the pattern that 
occurred naturally and to which native biological species were adapted. 
Although the peak flood flows occur at the same time with and without 
dams, the magnitude of the flood peaks is reduced. These changes in flows, 
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along with the construction of levees, dampens the frequency of seasonal 
flooding patterns and reduces the width of the floodplain. Managed releases 
from the reservoirs, both during and outside of flood season, have resulted 
in changes in sediment deposition and erosion patterns, gravel/substrate 
movement, and seasonal floodplain habitat availability, thus affecting the 
quantity and quality of habitat.  Seasonal flooding has many benefits to fish 
and wildlife, such as transporting nutrients, sediments, and woody 
materials; providing cover, foraging, and breeding habitats for fish and 
wildlife; and regenerating riparian habitat.  Dam and flood operation rules 
at reservoirs thus alter the in-stream flow regimes necessary to sustain 
floodplain and riparian habitat, reduce habitat complexity, and limit habitat 
access for many aquatic and terrestrial species. For example, in the Lower 
Sacramento River Region, spring releases can be especially damaging to 
germinating plants and grasses in the Yolo Bypass, which provide the seeds 
that feed wintering waterfowl. 

In many areas, changes in the patterns of flows have caused poor 
regeneration of native vegetation, which has in turn increased the 
opportunity for nonnative species to invade areas and become established. 
The majority of seasonal flooding that now occurs is typically conducted to 
support agricultural operations, and provides secondary benefits to wildlife 
species, and is managed on small parcels that are often disconnected from 
similar habitats. Alterations to the already modified hydrologic regime may 
occur in the future due to the effects of climate change. Potential changes 
to the hydrologic regime from climate change, such as altered precipitation 
and runoff patterns, earlier snowmelt occurrence, and increased flood peak 
flows and flood volumes, were described in Section 3.1.5.  
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3.4 Policy and 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.  Development of the CVFPP provides an 
opportunity to improve the common understanding and coordination of 
flood management agency roles, responsibilities, and policies; promote 
more informed consideration of flood risk in land-use planning; and 
address expected needs for funding. 

The development, maintenance, and improvement of the State’s flood 
management system, as well as land-use planning, are all related.  
Dispersal of these responsibilities across many local, regional, State, and 
federal agencies can lead to policies, funding practices and mechanisms, 
and institutional arrangements that don’t support effective flood 
management and land-use planning.  Table 3-4 lists contributing factors 
related to policy and institutional problems and their relevance to each of 
the five planning regions. The following discussion reflects the views and 
perspectives of all participants and input received, recognizing that there 
are differing opinions on the magnitude, relative importance, or underlying 
causes of the identified problem and its contributing factors. 
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Table 3-4.  Policy and Institutional Problem Statement Contributing 
Factors Summary 

Contributing Factors 

Regional Differences*  
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N/A = Problem not applicable to region 
 = Problem is relevant to parts of the region** 
 = Problem is relevant to the entire region** 

Flood management is often made difficult by the large 
number of agencies and entities involved because of 
the following: 

a) Complex jurisdictional roles and responsibilities       

b) Conflicting policies, missions and priorities       

c) Conflicting regulations and legislation       

d) Lack of coordination (planning and implementation)       
Land-use decisions at the local level may not 
adequately consider flood risk because of the 
following: 

a) Poor or outdated flood risk information and maps       

b) Strong desire for economic development       
Land-use practices can affect flood management 
because of the following: 

a) Rapid urbanization       

b) Agricultural land practices       

Trend toward strict liability for damages due to flood 
control facility failure deters construction and 
effective management of flood management projects.       
Current federal, State, and local funding mechanisms 
are not adequate to sustain effective flood 
management because of the following: 

a) Inability to assess and generate funding at a local level       

b) Limitations on State funding       

c) Federal cost share percentage is declining       

d) Federal benefit/cost requirements       
Notes: 
* Table is intended to graphically capture the regional differences.  The identified problems and opportunities contained in this 
table include the views, perspectives, and input of all participants.  At this point in the planning process, there are differing 
opinions on whether all of the items included as problems and opportunities are in fact problems that should be evaluated 
further.  There are also differing opinions about the magnitude, relative importance or underlying causes of the identified 
problems and opportunities. This table is subjective, not meant to be scientifically precise and not meant to imply that 
technical or scientific documentation about the condition is necessarily available. 
** “Relevant" indicates that a region is currently experiencing the problem or previously experienced problems associated 
with a particular contributing factor.  In those instances where the problem was previously experienced, the region may have 
resolved the problem, but concerns remain over the problem potentially recurring in the future. 
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3.4.1 Flood Management is Often Made Difficult by the 
Large Number of Agencies and Entities Involved 

Flood management is often complicated by the large number of agencies 
and entities involved, and their complex jurisdictional roles and 
responsibilities. 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. 

Complex Jurisdictional Roles and Responsibilities 
Levee certification, maintenance, inspections, insurance, planning, land 
use, funding, and enforcement – all occur across multiple agencies and 
jurisdictions. In many cases, multiple agencies carry responsibilities for 
routine flood management activities.  A good example relates to 
maintenance of State-federal levees: 

• The USACE establishes vegetation management and other maintenance 
requirements for State-federal levees 

• LMAs are responsible for carrying out physical maintenance on the 
levees 

• DWR is responsible for maintaining the channels that can affect levee 
erosion 

• DWR is responsible for inspecting levees to determine whether they 
meet the relevant standards 

• The Board is responsible for taking action to enforce the established 
maintenance standards 

• Various regulatory agencies are responsible for ensuring the protection 
or mitigation of environmental resources impacted by maintenance 
activities 

Some LMAs assert that designated responsibility has not been clearly 
defined for some areas such as channel maintenance, bank protection, and 
beaver management. This can lead to deferred maintenance and conflicts 
among agencies. For example, some LMAs contend that inadequate 
channel maintenance, such as a lack of dredging, sedimentation or debris 
build-up, causes some levees to fail inspections.  

While coordination among State, federal, and local agencies itself presents 
a significant challenge, overlapping jurisdictions and responsibilities 
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among local agencies can also further complicate flood management 
efforts.  Flood management functions within a single geographic area may 
be carried out by a combination of city and county planning and public 
works departments, drainage districts, water supply districts, joint powers 
authorities, and others.  Furthermore, floodplains and flood flows are not 
always confined to the geographic boundaries of the local agencies 
responsible for managing them. 

 
 

 

Conflicting Policies, Missions and Priorities 
Conflicting and/or overlapping jurisdictional missions across agencies 
involved in flood management also make coordination difficult. The wide 
range of missions related to flood management includes: 

 
 

• Flood control planning and implementation 

3.
4.

1 

• Floodplain management 
• Land use 
• Water supply 
• Emergency response and recovery 

 

• Resource conservation (terrestrial, aquatic) 
• Pest and vector control  

• Economic development 
• Insurance  

• Transportation 
• Homeland security 

Conflicts arise when one mission or responsibility can only be achieved at 
the expense of another mission or responsibility.  For example, a 
multipurpose reservoir must be operated during the flood season according 
to the water control manual, but doing so may impact the ability to store 
adequate water supplies to meet urban, agricultural, and environmental 
needs later in the year.  Similarly, reservoir releases may prevent flood 
damages in one area, while exacerbating water levels in another. 

 
 

 
 

Conflicting Regulations and Legislation 
Conflicting missions and priorities can lead to inconsistent policies and 
regulations from various federal and State agencies involved in flood 
management, as described in Section 3.2.1. These inconsistent regulations 
cause inconsistent practices at a local level and problems related to 
enforcement. 

 
 

Lack of Coordination (Planning and Implementation)  

Flood risk in the Central Valley is continually changing over time. Flood 
management planning, policies, and standards are only effective if they can 
account for the interdependencies of the flood management system with 
other State resources and needs (the various functions of levees in the 
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Delta, for example), and adapt to changes in land use, population, climate, 
and infrastructure. 

Planning for flood management occurs at multiple levels and by multiple 
agencies.  For example, USACE is most often associated with federal 
feasibility studies for flood risk reduction and watershed management, but 
the U.S. Forest Service also addresses drainage and flooding at a federal 
level as part of forest management plans.  The State conducts specific flood 
damage reduction studies, while also addressing flood management as part 
of integrated regional water management planning efforts.  Flood 
management planning also occurs at the local level, led by LMAs, cities 
and counties, and joint powers authorities. Furthermore, constructing 
and/or maintaining flood system improvements or risk reduction projects 
often falls within the jurisdiction of entities different from those 
responsible for the relevant planning functions. Coordination across 
multiple agencies at all levels – State, federal, and local – is necessary to 
accomplish efficient and effective flood management in the Central Valley 
that provides public safety while remaining consistent with the economic, 
social, and environmental values of the State. 

Efforts to improve flood management in the Central Valley provide 
opportunities to coordinate policies and guidance at the State, federal, and 
local levels. Recent initiatives, such as the California Levees Roundtable, 
have highlighted the benefits of such efforts. The California Levees 
Roundtable is composed of senior-level officials representing the USACE, 
the Board, DWR, NMFS, USFWS, the DFG, FEMA, RD 2068, and 
Sacramento Area Flood Control Agency (SAFCA). The California Levees 
Roundtable agencies worked together to draft the Central Valley Flood 
System Improvement Framework, which presents a short-term framework 
for flood system improvements, and includes an interim criterion for 
vegetation management. 



 3.0 Problems and Opportunities 

3.4.2 Land Use Decisions at the Local Level May Not 
Adequately Consider Flood Risk 

 

Urban development in the Central Valley has rapidly expanded into 
existing floodplains.  Much of this development has encroached into 
agricultural lands that were protected by flood infrastructure constructed a 
half-century ago without any consideration of modern design standards. In 
the past, local land-use decision makers have overlooked flood risks 
associated with expanding development into these floodplains for the 
following reasons: (1) poor or outdated flood risk information and maps, 
and (2) a strong desire for economic development. 

 
 

 

Poor or Outdated Flood Risk Information and Maps  

As discussed in Section 3.1.5 and 3.1.10, changes in floodplain maps can 
be caused by limited historical hydrological data, climate change, hydraulic 
changes in the watersheds, or inconsistencies among the floodplain 
boundaries of multiple agencies. Another challenge associated with 
floodplain maps used by land-use planners is that they often contain poor 
or outdated information that can lead to inadequate consideration of flood 
risk. 
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Mapping of the 100-year flood zones in the Central Valley is incomplete, 
and many flood maps were made under the tenuous assumption that the 
State-federal project levees provided protection from 100-year flood 
events. Where maps do exist, many are more than a decade old and do not 
account for current or future build-out. As future development occurs, 
runoff from that new development can increase flows in flood-prone areas 
downstream.  

 
 

 

In addition, many floodplain maps are prepared based on political 
boundaries (e.g., city, county, or agency), not on watershed boundaries. 
Different jurisdictions frequently use different floodplain mapping data and 
methods. These different standards lead to inconsistencies in floodplain 
mapping and limit the ability to do comprehensive floodplain management. 

 
 

Strong Desire for Economic Development  
A strong desire for economic development at the local level can outweigh 
concerns regarding flood risk during the land-use planning process. Often, 
local officials who make land-use decisions promote development and 
encourage business to generate tax revenue and create employment. 
Current development in the Central Valley’s deep floodplains is in progress 
because these areas are close to population centers and offer easy-to-build-
on land. Developers building in floodplains assume or have been led to 
believe that adequate flood protection will be provided by the government. 
New development in deep floodplains will continue until it is clear 
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(to communities, developers, and citizens) that the long-term costs of 
building in these areas, to the public at large and to the floodplain residents 
in particular, outweigh any short-term economic benefits. 

3.4.3 Land-Use Practices Can Affect Flood Management 
Land-use practices that can affect flood management include rapid 
urbanization and agricultural land practices. 

Rapid Urbanization 
Rapid population growth in California has led to increasing urbanization of 
the Central Valley, with attendant conversion of agricultural land. Much of 
the new development in the Central Valley is occurring in areas that are 
susceptible to flooding. Urbanization in floodplains increases the potential 
for flood damage to homes, businesses, and communities.  While levees 
and other facilities may decrease the frequency of flooding, they do not 

offer complete protection 
from flooding. 

Furthermore, many of the 
SPFC facilities were built a 
hundred years ago to 
protect agricultural land 
and were not designed to 
protect the large urban 
populations that are now 
growing behind them. 
Many of the agricultural 
levees were only designed 
to provide protection from a 
100-year flood event or 
less. Flood legislation 
passed in 2007 establishes 
the 200-year flood event 
(flood with a 1-in-200 

chance of occurring in any year) as the minimum level of flood protection 
to be provided in urban and urbanizing areas. 

 
Aerial Photograph of Sacramento’s Pocket Area Showing 

Urbanization in a Floodplain Protected by Levees 

Agricultural Land Practices 
Agricultural land practices can have both positive and negative impacts on 
flood management. The Central Valley was historically used for rangeland, 
and when it is converted to cropland, the consequent leveling alters flow 
paths. The planting of certain crops on floodplains increases surface 
roughness, which slows water runoff and increases flood stage.  Flooding 
rice fields, as opposed to burning rice stubble, can also take up potential 
floodplain flood space and reduce the ability of floodplains to attenuate 
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flood peaks. Some agricultural land practices, such as tilling or ripping the 
soil for future crops, for example orchards, can increase erosion. In 
addition, the replacement of low-value crops, such as alfalfa, in the 
floodplain with high-value crops, such as vineyards, increases the potential 
economic losses if the fields are flooded. 

Agricultural land practices can also have many positive impacts on flood 
management. Croplands can sometimes serve as a hydraulic buffer by 
providing temporary storage of flood waters for downstream urban areas. 
Conservation or riparian buffers consisting of grasses and trees planted 
along streams and croplands prevent soil erosion and nutrient runoff into 
waterways. Many crops, such as alfalfa, also capture sediment and mitigate 
for soil erosion. Some agricultural lands with appropriate soil and 
groundwater conditions can also provide groundwater recharge benefits 
and may help mitigate land subsidence. 
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3.4.4 Trend Toward Strict Liability for Damages Due to 
Flood Control Facility Failure Deters Construction and 
Effective Management of Flood Management Projects 

Liability for loss of life or property resulting from natural disasters has 
typically been assigned to those agencies or entities that acted unreasonably 
in carrying out their duties or responsibilities.  However, recent court 
decisions and legal actions in California, and elsewhere in the United 
States, indicate that courts are increasingly assigning liability to flood 
control agencies, such as the State of California, based on a standard of 
strict liability (Basye et.al., 2004). Strict liability is the legal responsibility 
for damages, or injury, even if the entity found strictly liable was not at 
fault or negligent. 

In 2003, the Third District Court of Appeals ruled in Paterno v. State of 
California that the State was liable in inverse condemnation on the basis 
that a levee, constructed by others years earlier but accepted by the State of 
California into the SRFCP, had been constructed improperly.  The court 
found that the LMA was not jointly liable with the State because it had no 
part in the construction of the levee or the decision by the State to accept 
the levee into the State-federal system, and no authority to modify or 
improve the levee independent of the State.  The ruling further indicated 
that although the State cannot be held liable for failing to upgrade a system 
to provide an increased level of protection, it could be held liable for not 
taking corrective action to ensure that the planned level of protection of the 
original project was realized. The ruling established that when a public 
entity operates a flood control system built by someone else, it accepts 
liability as if it had planned and constructed the system itself. 

This legal standard creates challenges for the State and other flood 
protection agencies, which are increasingly hesitant to implement even 
those projects that are publicly supported and widely recognized as needed 
to improve public safety.  Many of the levees adopted into the SPFC were 
constructed decades ago without formal engineering or design standards in 
place.  Further, the strict liability standard may not fully address the fact 
that levees and other flood control facilities reduce the potential for 
flooding but do not eliminate the risk; the threat to lives and property 
remains, with or without the project in place.   The potential legal 
ramifications are further complicated by the unique interdependence of 
private and State-federal levees in areas such as the Delta (Basye et.al, 
2004). 

The application of strict liability does not consider that decisions related to 
the use of hazardous floodplains lies at the local level, rather than with the 
State or federal project owners and operators (Kusler and Thomas, 2007).  
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Land-use and development decisions are made at a local level, an aspect 
which flood legislation passed in 2007 seeks to address by requiring cities 
and counties in the Central Valley to consider flood risk in their general 
planning activities and provide minimum levels of protection to urban 
populations. For a more detailed description of this legislation see Section 
3.1.6. 

Ultimately, all taxpayers carry the financial burden of catastrophic flood 
damages through State and federal subsidized disaster assistance and 
recovery programs, such as FEMA’s NFIP. The cost to the State for levee 
breaks continues to escalate in terms of repair, liability, and preventative 
maintenance and enforcement – and threatens the economic wellbeing of 
the State. 

3.4.5 Current Federal, State, and Local Funding 
Mechanisms are Not Adequate to Sustain Effective 
Flood Management 

Funding for flood management is derived from a number of State, federal, 
and local sources, primarily through tax revenues and assessments or 
emergency declarations.  At the local level, there are a large number of 
LMAs with a wide variety of funding levels and sophistication, but all with 
similar responsibilities.  Lack of funding can often lead to staff shortages, 
which slows down the ability of LMAs and other flood management 
agencies to serve the public.  Several constraints and challenges associated 
with current State, federal, and local funding mechanisms are limiting the 
ability to sustain effective flood management. These include: (1) inability 
to assess and generate funding at a local level, (2) limitations on State 
funding, (3) declining federal cost share, and (4) federal benefit-cost 
requirements. 

Inability to Assess and Generate Funding at a Local Level 
As previously described in Section 3.2.1, local governments are restricted 
by two constitutional amendments governing the use of property taxes or 
benefit assessments:  Propositions 13 and 218. Originally intended to 
prevent government agencies from raising taxes without sufficient input 
from the public, the amendments require a two-thirds majority vote to 
approve special taxes and can restrict the ability of local agencies to use 
taxes and assessments to increase flood control funding. 
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While the original Proposition 218 legislation was intended to reduce 
discretionary spending that lacked broad public approval, flood 
management differs from other government functions in that failure to 
properly maintain levees and other facilities can result in significant threats 
to public safety, as well as catastrophic damages that subject the entire 
State to financial liability. Public safety and security – a key function of 
flood management – are typically viewed by the public as essential 
government functions, rather than discretionary services. 

A lack of stable, long-term funding and multiple-agency funding streams 
still constrain many aspects of integrated flood management, including the 
development of a comprehensive, sustainable, ecological corridor-based 
approach; implementation of projects that achieve multiple objectives and 
provide multiobjective long-term habitat management; and reducing the 
long periods between levee maintenance activities, which would reduce the 
environmental impact and cost of maintenance. 

Limitations on State Funding 
Public funds available through various State grant, loan, and bond 
programs have helped bridge funding gaps for many local improvement 
projects.  However, funding for these State programs has varied over time 
and is limited by budget constraints and political subjectivity.  Currently, 
economic decline and the recent fiscal crisis have decreased funding 
available for maintenance, improvements, and management activities.  
Passage of Assembly Bill (AB) 1147 shifted the nonfederal share of 
USACE projects between the State and the local sponsor from 70 percent 
and 30 percent to 50 percent and 50 percent, respectively, for single-
objective projects.  State budgeting is based on short time periods (1 to 3 
years), making it difficult to accommodate opportunities for phased and 
adaptive development of long-term flood management and environmental 
planning. 

Declining Federal Cost Share 
Federal cost sharing for flood management projects dropped from 75 
percent to 65 percent in recent years.  The financial resources of many 
cities, counties, and LMAs are too limited to carry out many recognized 
actions to address levee problems, even if they qualify for federal funding 
assistance.  The current economic challenges facing the State further 
diminish the ability to provide the local cost share needed for major flood 
management improvement projects. 

Current federal funding mechanisms may actually encourage LMAs to 
defer needed maintenance or repairs. For example, an LMA can receive 
federal funds to repair flood-damaged facilities under Public Law 84-99 if 
an emergency is declared, whereas they may be unable to receive federal 
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funding assistance to proactively address problems before a flood occurs 
due to an unfavorable benefit-cost ratio or the inability to meet local cost-
sharing requirements. 

 

Many local agencies need assistance in pursuing federal grants to mitigate 
flood risk. FEMA’s Flood Mitigation Assistance (FMA) Program was 
created with the goal of reducing or eliminating claims under the NFIP. 
FEMA provides FMA planning, project, and technical assistance grants to 
assist states and communities implement measures that reduce or eliminate 
the long-term risk of flood damage to buildings, manufactured homes, and 
other structures insurable under the NFIP. In Fiscal Year 2009, 
$35,700,000 of funding were available for the FMA programs. California 
received $842,400 compared to the highest grant award of $5,193,300. 
FEMA also provides grants under the Pre-Disaster Mitigation (PDM) 
Program, which provides funds to states, territories, Indian tribal 
governments, communities, and universities for hazard mitigation planning 
and the implementation of mitigation projects before a disaster event. In 
Fiscal Year 2008, $54,000,000 was made available for the PDM programs.  
Grant recipients in California received $624,210 compared to the highest 
grant award of nearly $3,000,000. 

 
 

 
 

 
 

 

Federal Benefit-Cost Requirements 
Historically, federal decisions for investing in flood management have been 
based on contributions to national economic development, as reflected in 
the benefit-cost ratio.  Benefits are estimated based on the value of flood 
damages with no direct benefit associated with reducing flood risk. 
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While environmental benefits are included in the overall project benefit-
cost ratio of federal projects through Water Resources Development Act 
(WRDA) Section 113523, there are other impacts that are not fully 
accounted for. The benefit-cost ratio may not fully account for residual risk 
(depth or rapidity of flooding), the magnitude of the threat to public safety 
(number of people at risk within the floodplain), long-term economic 
impacts (permanent loss of an industry or work sector), or social/cultural 
impacts.  These factors can be considered in other benefit accounts, but 
these accounts generally fall outside the economic criteria used for federal 
decision making. 

 
 

 
 

Flood improvements within a region can provide significant benefits 
outside of the region that may not be reflected in traditional benefit-cost 

 
 

 

                                                           
23 WRDA Section 1135 provides the authority to modify existing USACE projects to restore 

the environment and construct new projects to restore areas degraded by USACE 
projects. For example, environmental benefits accounted for more than 60 percent of the 
total project cost in the Hamilton City Flood Damage Reduction and Ecosystem 
Restoration project under Section 1135. 
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analyses.  Although the responsibility for funding levee maintenance and 
repairs lies with those receiving direct protection (LMAs, for example), 
flood management systems often provide broad regional and societal 
benefits beyond the boundaries of the assessment area. For example, people 
living in areas just outside a 100-year floodplain may reap the economic 
benefits of development in the adjacent floodplain.  Similarly, a major 
flood event in the State’s capital of Sacramento could disrupt the operation 
of State government and provision of services throughout all of California. 
Although the water used by two-thirds of Californians passes through Delta 
waterways created by levees, LMAs struggle to adequately maintain levees 
with their limited, local tax base. 

Many rural and agricultural areas have historically experienced difficulty 
securing federal funding because the value of local infrastructure and rural 
land uses do not outweigh the increasing cost of implementing flood-
damage-reduction projects.  Some assert that traditional economic methods 
for analyzing benefit-cost ratios of agricultural-related projects often 
undervalue the overall benefits associated with agricultural production. 
Agricultural lands often provide broad public benefit by serving as a buffer 
for more densely populated areas.  Agricultural practices can also promote 
biodiversity through integrated pest management, active control of 
nonnative plant and pest species, creation of vegetative buffer zones, 
provision of feed and habitat for wildlife, and protection of habitat areas, 
such as managed wetlands, National Wildlife Refuges, State Wildlife Areas 
and mitigation lands. Also, although farm receipts represent just one 
percent of California’s $1.8 trillion economy, its raw products are 
converted to billions of dollars in finished products and provide thousands 
of tax-paying jobs. 
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3.5 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. Many management actions 
that could be taken to improve flood risk management and O&M can also 
provide significant opportunities for improvements to water supply, water 
quality, ecosystem functions and attributes, and recreation. 

 
 

 

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.  Table 3-5 lists the contributing factors related to IRWM, and 
their relevance to each of the five planning regions.  The following 
discussion reflects the views and perspectives of all participants and input 
received, recognizing that there are differing opinions on the magnitude, 
relative importance, or underlying causes of the identified problem. 
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Table 3-5.  Integrated Water Management Problem Statement Contributing Factors 
Summary 

Contributing Factors 

Regional Differences*  
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N/A = Problem not applicable to region 
 = Problem is relevant to parts of the region** 
 = Problem is relevant to the entire region** 

Integrated flood management is made difficult by 
competing needs including the following:       

a) Flood protection       

b) Water supply       

c) Ecosystem resources       

d) Recreation       

e) Water quality       

f) Hydropower       

g) Dam safety       

Notes: 
* Table is intended to graphically capture the regional differences.  The identified problems and opportunities contained in this 
table include the views, perspectives, and input of all participants.  At this point in the planning process, there are differing 
opinions on whether all of the items included as problems and opportunities are in fact problems that should be evaluated 
further.  There are also differing opinions about the magnitude, relative importance or underlying causes of the identified 
problems and opportunities. This table is subjective, not meant to be scientifically precise and not meant to imply that technical 
or scientific documentation about the condition is necessarily available. 
** “Relevant" indicates that a region is currently experiencing the problem or previously experienced problems associated with a 
particular contributing factor.  In those instances where the problem was previously experienced, the region may have resolved 
the problem, but concerns remain over the problem potentially recurring in the future. 

Integrated Flood Management is Made Difficult by Competing Needs 
Reservoirs designed for flood control are increasingly being required to 
meet a wide variety of objectives for which they were not originally 
designed, including those listed below.  These objectives can lead to 
increased competition over limited reservoir storage space and the quantity, 
timing, and duration of reservoir releases. Balancing these competing 
demands is difficult, and will likely become more challenging with 
potential changes in runoff patterns from climate change (California 
Natural Resources Agency, 2009b). 

Flood Protection   Maintaining the flood space is critical for flood 
protection, yet sometimes comes at the expense of other reservoir 
objectives (water supply, recreation, hydropower, timed instream releases, 
etc.). 
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 3.0 Problems and Opportunities 

Water Supply   The need for flood releases and maintenance of flood 
space can conflict with the desire to maximize storage for water supply.  
When flood space is increased to meet rules for flood operations, available 
storage for water supply is decreased. 

 
 

Ecosystem Resources   At specific times of the year, reservoir releases are 
made to meet temperature, stage or flow objectives that support fish needs. 
Since these releases are designed to support specific fish life stages, such as 
spawning, rearing, and migration, they vary widely in timing, duration, and 
quantity based on the unique biological needs of each stream reach and 
species.  During flood management operations there are typically no 
considerations (other than minimum releases) made for ecosystem 
resources.  Flood releases are made on the schedule prescribed in the water 
control manual, which may not be conducive to ecosystem preservation or 
restoration.   

 
 

 
 

Recreation   Much like water supply, flood management operations can 
also impact lake recreation.  Decreases in reservoir storage to create flood 
space decreases the water surface area available for marina operations and 
lake access and increases the “bathtub ring” shoreline that mars the views. 

 
 

Water Quality   Reservoir releases to achieve downstream water quality 
and temperature control objectives are dependent on reservoir storage after 
the end of the flood season.  Reservoir releases that create flood space 
reduce available water storage to meet water quality and temperature 
requirements in the spring. 

 
 

Hydropower   Generating capacity is dependent on two factors in a 
reservoir, water surface elevation and available water for release.  High 
water storage increases generating capacity but decreases flood space. 
Conversely, increased flood space decreases water surface elevation and 
available water for generation.  Typically, operators can send initial 
releases for flood management through the power house, but surplus 
releases are made over the spillway.  Water released over the spillway 
cannot be used for hydropower generation. 

3.
5 

 
 

 
Dam Safety   Dam safety concerns can also constrain the ability of a 
reservoir to meet competing objectives. Overtopping of a dam can lead to 
catastrophic failure. Flood detention dams (or multipurpose dams) are sized 
for the Probable Maximum Flood. Releases can be made for dam safety, 
consistent with the emergency spillway release diagram, that far exceed the 
objective release.  The only constraint on emergency releases is the 
physical capacity of the spillway to pass the flows. 
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Although balancing the needs of multiple objectives can be difficult, not all 
objectives are conflicting. Implementing IRWM practices together with 
flood management provides opportunities to benefit multiple resources.  
For example, expanding use of floodplains to increase flood capacity could 
provide other benefits such as additional groundwater recharge, agricultural 
production, or environmental restoration. 

An example of integrated water management is the Yolo Wildlife Area. 
The Yolo Wildlife Area is a 16,000-acre public/private restoration project 
managed by the DFG that achieves multiple objectives including: (1) flood 
control, (2) wildlife and habitat management, (3) recreation and education, 
and (4) agricultural production. Wetlands in the area are managed to reduce 
the establishment of large areas of emergent and riparian habitat that could 
restrict flood flows and compromise the flood carrying capacity of the Yolo 
Bypass. The area is also home to nearly 200 species of birds and supports 
agricultural rice production. 

There is a need to create more multiobjective flood control projects that 
involve multiparty coordination.  While single-purpose flood management 
projects were acceptable in the past, they no longer are considered the 
preferable approach to floodplain management. Increasingly, floodplains 
are seen as valuable resources that provide opportunities for flood 
protection, agricultural production, open space, valuable native habitat, 
ecosystem protection, recreation, economic development, and housing. 
Multiobjective projects serve to maximize the diverse benefits that 
floodplains can provide instead of adversely impacting one objective for 
another. Multiobjective projects that involve multiple parties can also pool 
and leverage project funding and benefits.  Governmental agencies and the 
private sector typically do not have the resources or public support to fund 
projects that do not achieve multiple benefits. Greater financial incentives 
are now available for multiobjective projects, such as AB 1147, Proposition 
13, Proposition 50, and Proposition 84. 
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4.0 Goals and Principles  

Planning is a rational process for determining appropriate future actions to 
achieve desired end results.  As described in Chapter 3, problems and 
opportunities provide a reason for people to come together and engage in 
the planning process.  Once problems and opportunities are clearly defined, 
broad goals are crafted describing desired end conditions. Defining goals is 
a critical step in the planning process because they help articulate what the 
planning partners aim to achieve and the ways the plan will be measured 
for success. 

 
 

 
 

After goals were defined to address identified problems and opportunities, 
initial planning principles were established.  Planning principles provide 
guidance on how to develop solutions to address the stated goals for the 
2012 Central Valley Flood Protection Plan (CVFPP) (and future updates), 
and to implement the CVFPP over time.  Once the planning principles were 
defined, an initial list of potential planning objectives (described in Chapter 
5) were crafted for the 2012 CVFPP to focus on what will be done to 
address the goals.  Individual management actions – specific steps to help 
achieve the goals and objectives and resolve resource problems - will then 
be developed in the next phase of the 2012 CVFPP. 

 
 

 
 

 

This chapter discusses the following: 

• FloodSAFE California (FloodSAFE) goals  

• CVFPP goals 
• CVFPP planning principles  

4.1 Goals  
In the planning process, goals describe the broad and enduring values, and 
direction or desired conditions we want to achieve, without prescribing or 
suggesting specific actions to achieve them. As part of California 
Department of Water Resources (DWR) FloodSAFE initiative, 
development of the 2012 CVFPP is guided by both the overarching 
FloodSAFE goals and goals specific to the CVFPP, which are described 
below. 
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4.1.1 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 partners 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 prior to 
flooding that will help reduce the adverse consequences of floods when 
they do occur and allow for quicker recovery after flooding. 

• 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 the 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. 

4.1.2 CVFPP Goals 
DWR, with its partners and interested parties, developed draft goals to 
address each of the identified problems and opportunities (described in 
Chapter 3).  These goals provide clarity on how the CVFPP will address 
the defined problems and opportunities and contribute to the overarching 
FloodSAFE goals described above, consistent with the legislated intent as 
outlined in Senate Bill 5.  The goal development process involved iterative 
input, review, and comment from multiple sources, including regional and 
topic work groups, partners and interested parties, and DWR staff and 
management.  The draft goal statements evolved over time and reflect the 
latest collective input from these groups. 
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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 non-
structural projects and actions that benefit lands currently receiving 
protection from facilities of the State Plan of Flood Control (SPFC). 

- Formulating standards, criteria, and guidelines to facilitate 
implementation of structural and non-structural actions for 
protecting urban areas and other lands of the Sacramento and San 
Joaquin river basins and the Sacramento-San Joaquin Delta (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 operation and 
maintenance, including significant repairs. 

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

• 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, 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 draft CVFPP goals reflect the collective views and perspectives of 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 
(California Water Code 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.  The CVFPP goals are intended to 
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be broad and enduring; consequently, it is not anticipated that they would 
change significantly over time as the plan is updated. 

Figure 4-1 illustrates the linkage between the problem and opportunity 
statements identified and described in Chapter 3 to each of the draft 
CVFPP goals.  This linkage helps articulate concise goals that will address 
the problems that partners came together to solve, and guide the remaining 
steps in the planning process.  It is important to understand that the 
problems and opportunities and the goals are intended to be broad 
statements.  Because there are many individual contributing factors for 
each broad statement, various objectives may be developed to better define 
the planning goals, and many management actions may be identified to 
address the objectives and goals. 
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Goals are described previously as enduring – things that will continue to be 
important into the future.  As such, the 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, the CVFPP goals are expected to continue to provide lasting 
direction and focus to integrated flood management efforts in the planning 
areas. 

4.1.3 Relationship to the FloodSAFE Goals 
As mentioned previously, the CVFPP goals provide additional detail on 
how the CVFPP can help contribute to FloodSAFE.  The relationship 
between FloodSAFE goals and CVFPP goals has several commonalities 
and intersections between the two sets of goals. 

4.2 CVFPP Planning Principles 

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.  Initial planning principles for the CVFPP have been grouped 
into five broad categories, as discussed below. 

4.2.1 Flood Risk Management 
• Approach flood risk management on a systemwide basis and avoid 

(where feasible) or mitigate adverse or redirected hydraulic, 
environmental, and other impacts.  

• Apply available State funds for flood management improvements in 
ways that amplify benefits provided through cooperative cost-sharing 
with federal and local partners.  

• Provide information about flood risks and flood preparedness to help 
residents, communities, and public officials make safer decisions and 
manage residual risks. 

• Adapt and implement flood management improvements that recognize 
inherent differences regarding flooding mechanisms and the value of 
flood protection (for example, urban, small communities, non-urban), 
while reducing the likelihood of sudden and catastrophic failures. 
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• Identify conservation strategies that improve the quantity, biotic 
diversity, and connectivity of riparian, wetland, floodplain, and shaded 
riverine aquatic habitats, and promote the recovery and stability of 
native species populations. 

 
 

• Protect and improve natural floodplain processes, recognizing the 
agricultural and ecological values of floodplain lands and promoting 
environmental stewardship as a public benefit. 

 
 

• Adapt and implement systemwide flood management and 
environmental stewardship strategies that promote resilience to ongoing 
and future challenges such as climate change. 4.

2.
2 

4.2.3 Integration and Coordination  

• Recognize the broad benefits provided by agriculture, and integrate 
flood management system improvements that help support a sustainable 
agricultural economy. 

 
 

• Integrate flood management with other water management actions 
(such as groundwater storage, reservoir reoperation, and environmental 
stewardship). 

 

• Integrate considerations of flood risk management and corresponding 
liabilities in land use planning.  

 

• Provide potentially affected parties with meaningful opportunities to 
participate in the CVFPP development process and subsequent 
implementation actions. 

 
 

• Clarify flood management roles and responsibilities and associated 
liabilities for providing flood protection and assisting in recovery from 
damaging floods. 

 
4.2.4 Common Themes 

 

A common theme in the draft CVFPP planning principles is that future 
flood management projects in the Central Valley need to embody an 
integrated, systemwide approach.  This acknowledges how, historically, 
cumulative impacts of modifications to the river systems have often had 
unintended effects on communities, habitats, and other resources in the 
Central Valley.  Another theme reflected in many of the principles relates 
to coordination, cooperation, and information-sharing among agencies and 
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 5.0 Initial Draft Objectives 

The next step in the planning process is to define specific objectives for the 
2012 Central Valley Flood Protection Plan (CVFPP).  Objectives provide 
additional detail on how the 2012 CVFPP will contribute to the identified 
goals, and serve as a means of measuring success in achieving those goals 
over time. Once the objectives are defined, management actions will be 
developed.  Management actions are specific structural and nonstructural 
measures that could be carried out to achieve the objectives. 

 
 

 
 

This chapter includes discussion of the initial draft objectives for the 2012 
CVFPP identified to date. 

 

5.1 Initial Draft Objectives for the 2012 CVFPP  

Objectives are indirectly developed from the identified problem and 
opportunity statements (Chapter 3), and CVFPP goals (Chapter 4).  Some 
objectives may address or contribute to a single CVFPP goal, while others 
may contribute to multiple goals.  Collectively, objectives are intended to 
define the overall accomplishments expected of the 2012 CVFPP.   The 
objectives are not specific actions to achieve the goals, but more an overall 
measure of success of the plan.  Some objectives may address or contribute 
to a single goal, while others may contribute to multiple goals.  It is 
expected that the objectives identified to date will be modified or refined as 
the CVFPP progresses.  It is anticipated that additional objectives will be 
identified and refined every 5 years when the CVFPP is updated. 
Objectives will work toward achieving the goals for the 2012 CVFPP 
described in Chapter 4, as illustrated in Figure 5-1.  Some objectives may 
be achieved within a short time frame, while others may take many years to 
achieve. 
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Figure 5-1.  Development of CVFPP Objectives for 2012 CVFPP and 
Beyond 

Collectively, the objectives are intended to define the overall 
accomplishments of the 2012 CVFPP. The objectives are not specific 
actions to achieve the goals, but rather an overall measure of success of the 
plan. 

Ideally, objectives should strive to identify a potential level of 
accomplishment that either individual management actions or combinations 
of management actions can achieve.  While contributions to the goals may 
differ from region to region and project to project, sets of management 
actions should collectively contribute to each of the goals.  An objective 
should also be framed in a way that makes it easy to determine the extent to 
which it has been met or achieved.  This will help California Department of 
Water Resources (DWR) and its partners to later measure the progress and 
level of accomplishment of the CVFPP as it is implemented and updated. 

Developing the appropriate level of specificity or geographic scale of an 
objective is a difficult process and will require multiple iterations. In the 
first phase of plan development, work done with Regional Work Groups to 
develop objectives focused on identifying categories or themes around 
which objectives could be formed, developing sample objectives, and 
discussing how these sample objectives could contribute to the draft goals 
for the CVFPP.  There are some factors that make it challenging to develop 
time-based and measurable objectives.  The ability to determine feasibility 
and time frame is heavily dependent on updated information from many of 
the studies and investigations DWR is currently undertaking.  Other 
challenges in developing systemwide objectives for the CVFPP are the 
different regional priorities throughout the entire Sacramento and San 
Joaquin river basins.  Some objectives may be important for one region, 
and may not be a high priority for another.  Because of the differing 

5-2 March 2010 



 5.0 Initial Draft Objectives 

viewpoints, it became incredibly difficult to agree upon specific time 
frames and exact acreages of the initial draft objectives. 

C
h.

 5
 

C
h.

 4
 The following themes for objectives were identified by study partners and 

interested parties for further exploration and development.  These themes 
do not represent a complete or final list that will be included in the 2012 
CVFPP, but rather reflect the important issues around which partners and 
interested parties would like to see objectives crafted as plan development 
continues. 

 
 

• Provide greater flood protection  

- Within the State Plan of Flood Control (SPFC) Planning Area 

 

- Outside the SPFC Planning Area 

 

• Increase habitat within the flood management system 

• Establish streamlined permitting processes  

• Improve emergency preparedness and flood recovery planning  

• Reduce long-term operations and maintenance costs 

 

• Educate the public on potential flood risks 

 

• Contribute to groundwater recharge and other integrated water 
management benefits 

 

• Create sustainable funding mechanisms for flood management activities 

• Improve land management within floodplains and floodways  

In the next phase of CVFPP development, additional work will be done to 
develop and refine objectives for the 2012 CVFPP based on the identified 
themes and consistent with the goals and principles. This work will be done 
concurrent with the identification of management actions. 

 
 

Additional discussion and analysis will be needed to develop specifics 
related to measurement, timing, and geographic focus, where applicable.  
For some objectives this will require collection and application of technical 
data and other information to identify the magnitude, location, and extent 
of opportunities to realize objectives within the planning areas.  For 
example, information being developed as part of the Flood Control System 
Status Report will provide technical data related to flood control facility 
status and current performance that will be instrumental in establishing an 
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appropriate timeline for achieving any objectives related to SPFC facilities.  
Further, some objectives may address problems that occur only in specific 
regions or locations; refinement of these objectives will need to consider 
where the underlying problems are occurring to establish appropriate and 
achievable quantities and completion dates. 

Objectives will be formulated and refined in an iterative process that will 
continue throughout development of the 2012 CVFPP.  It is anticipated that 
working groups will be created and assigned to help identify appropriate 
and achievable specifics related to quantities, timing, and extent, using 
existing and available data and new information being developed by DWR 
and its partners, as appropriate. 
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7.0 Acronyms and Abbreviations  

°F ............................... degree Fahrenheit  

AAGR ........................ average annual growth rates 

AB .............................. Assembly Bill  

ABAG ........................ Association of Bay Area Governments 

 

AD ............................. Anno Domini 

AF .............................. acre feet  

AFSP ......................... Anadromous Fish Screen Program 

ARFCD ...................... American River Flood Control District  

Bay Area .................... San Francisco Bay Area 

 

Bay-Delta ................... San Francisco Bay/Sacramento San Joaquin River 
Delta 

BC ............................. before Christ  

BMP ........................... best management practice 

BNSF ......................... Burlington Northern Santa Fe  

Board ......................... Central Valley Flood Protection Board (formerly the 
Reclamation Board)  

ca. .............................. circa 

 

CAL FIRE .................. California Department of Forestry and Fire 
Protection 

CalEMA ..................... California Emergency Management Agency  

CALFED .................... CALFED Bay Delta Program 

 

Cal-IPC ...................... California Invasive Plan Council 

CCR ........................... California Code of Regulations 
 

CCWD ....................... Contra Costa Water District 

CDEC ........................ California Data Exchange Center 

 

CEQA ........................ California Environmental Quality Act 

CFR ........................... Code of Federal Regulations  

cfs .............................. cubic feet per second 

CGC .......................... California Government Code  

CNPS ........................ California Native Plant Society 
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COG .......................... council of government 

CVFED....................... Central Valley Floodplain Evaluation and Delineation 

CVFMP ...................... Central Valley Flood Management Planning 

CVFPP ....................... Central Valley Flood Protection Plan 

CVIFMS ..................... Central Valley Integrated Flood Management Study 

CVP ........................... Central Valley Project 

CVPIA ........................ Central Valley Project Improvement Act 

CWC .......................... California Water Code 

D-1422 ....................... SWRCB Decision 1422 

D-1485 ....................... SWRCB Decision 1485 

D-1641 ....................... Water Right Decision 1641 

DCA ........................... Data Collection Area 

Delta .......................... Sacramento-San Joaquin Delta 

DFG ........................... California Department of Fish and Game 

DO ............................. dissolved oxygen 

DPC ........................... Delta Protection Commission 

DRMS ........................ Delta Risk Management Strategy 

DWR .......................... California Department of Water Resources 

DWSP ........................ Delta Water Supply Project 

EBMUD ...................... East Bay Municipal Utility District 

EIP ............................. Early Implementation Program 

EOC ........................... Emergency Operations Center 

ESA ........................... Endangered Species Act 

FAT ............................ Fresno-Yosemite International Airport 

FEAT ......................... Flood Emergency Action Team 

FEMA ......................... Federal Emergency Management Agency 

FloodSAFE ................ FloodSAFE California 

FMA ........................... Flood Mitigation Assistance 

FOC ........................... Flood Operations Center 

FP .............................. Fully Protected Species 

GIS ............................ geographic information system 

HCP ........................... habitat conservation plans 

HD ............................. House Document 
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I-205 .......................... Interstate 205 
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I-5 .............................. Interstate 5 

I-505 .......................... Interstate 505  

I-580 .......................... Interstate 580 

I-80 ............................ Interstate 80  

ICS ............................ Incident Command System 

IRWM ........................ integrated regional water management 

 

IRWMP ...................... Integrated Regional Water Management Plan  

LD .............................. Levee District 

LFPZ .......................... Levee Flood Protection Zone  

LIPL ........................... local interest project levees 

LMA ........................... levee maintaining agency 

 

LSJLD ........................ Lower San Joaquin Levee District 

 

LSJRTP ..................... Lower San Joaquin River and Tributaries Project 

M&I ............................ municipal and industrial  

MA ............................. Maintenance Areas 

MAF ........................... million acre-feet  

MAF/year ................... MAF per year 

MMAA ........................ Master Mutual Aid Agreement  

MOU .......................... Memorandum of Understanding 

mS/cm ....................... milliSiemens per centimeter 

 

MSCS ........................ Multi-Species Conservation Strategy 

 

msl ............................. mean sea level 

MTP ........................... Metropolitan Transportation Plan 

 

N/A ............................ not applicable 

NAVD88 .................... North American Vertical Datum 1988 
 

NCCP ........................ natural community conservation plans 

NEPA ......................... National Environmental Policy Act  

NFIP .......................... National Flood Insurance Program 

NIMS ......................... National Incident Management System  

NMFS ........................ National Marine Fisheries Service 

NOAA ........................ National Oceanic and Atmospheric Administration  

NRCS ........................ Natural Resources Conservation Service 
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NWR .......................... National Wildlife Refuge 

NWS .......................... National Weather Service 

O&M .......................... operations and maintenance 

OCWB........................ off-channel water body 

OES ........................... Governor’s Office of Emergency Services 

PDM ........................... Pre-Disaster Mitigation 

PG&E ......................... Pacific Gas and Electric Company 

ppt .............................. parts per thousand 

PRC ........................... Public Resources Code 

Proposition 1E ........... Disaster Preparedness and Flood Prevention Bond 
Act 

Proposition 84 ............ Safe Drinking Water, Water Quality and Supply, 
Flood Control, River and Coastal Protection Bond 
Act 

RAMP ........................ regional advance mitigation planning 

RCR ........................... Regional Conditions Report – A Working Document 

RD ............................. Reclamation District 

Reclamation ............... U.S. Department of the Interior, Bureau of 
Reclamation 

RFC ........................... River Forecast Centers 

RM ............................. river mile 

SACOG ...................... Sacramento Area Council of Governments 

SAFCA ....................... Sacramento Area Flood Control Agency 

SB .............................. Senate Bill 

SCE ........................... Southern California Edison Company 

SD .............................. Senate Document 

SEMS ........................ Standardized Emergency Management System 

SFHA ......................... Special Flood Hazard Areas 

SHMP ........................ 2007 Enhanced State of California Multi-Hazard 
Mitigation Plan 

SMF ........................... Sacramento International Airport 

SMUD ........................ Sacramento Municipal Utility District 

SPA ........................... Systemwide Planning Area 

SPFC ......................... State Plan of Flood Control 

SPFCPA .................... SPFC Planning Area 
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SR ............................. State Route 
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SRA ........................... shaded riverine aquatic 

SRBPP ...................... Sacramento River Bank Protection Project  

SRFCP ...................... Sacramento River Flood Control Project 

Stafford Act ................ Stafford Disaster Relief and Emergency Assistance 
Act (Public Law 93-288, as amended) 

 

State .......................... State of California  

SWE .......................... snow water equivalent 

SWP .......................... State Water Project 

 

SWRCB ..................... State Water Resources Control Board  

TAF ............................ thousand acre-feet 

TMDL ......................... Total Maximum Daily Load  

TRLIA ........................ Three Rivers Levee Improvement Authority 

UP ............................. United Pacific  

USACE ...................... U.S. Army Corps of Engineers 

USC ........................... United States Code  

USDA ........................ U.S. Department of Agriculture 

USFWS ..................... U.S. Fish and Wildlife Service 

 

USGS ........................ U.S. Geological Survey  

WMA .......................... wildlife management areas 

WRDA ....................... Water Resources Development Act  

X2 .............................. parts-per-thousand salinity isopleths 

YCWA ........................ Yuba County Water Agency  
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8.0 Glossary 
100-year flood event   A flood having a 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-
percent 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 California Department of Water Resources.   

 

California Government Code Section 65300.2(a) 

200-year flood event A flood event with a 1-in-200 (0.5 percent) chance of 
occurring 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. 

anadromous Refers to fish that, while born in fresh water, live in 
the ocean mostly and breed in fresh water. 

 
 

assurances 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. 

 
 

basin That portion of the combined watersheds of the 
Sacramento and San Joaquin rivers lying below the 
lowermost flood control dam on each tributary. 

 

 

Bay Area San Francisco Bay Area. 

Bay-Delta San Francisco Bay/Sacramento San Joaquin River 
Delta. 

March 2010 8-1 



2012 Central Valley Flood Protection Plan 
Regional Conditions Report – A Working Document 

benthic Living on the bottom of a water body. 

Board Central Valley Flood Protection Board (formerly 
known as The Reclamation Board).  See below. 

bypass An engineered wide and shallow channel or 
confined floodplain, usually flanked by levees, that 
receives flood waters to reduce the amount of flow 
in a river or stream.  

Central Valley Flood Management Planning Program (CVFMP)   The 
CVFMP is one program within FloodSAFE 
California, a multi-year 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 Board (Board) The 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 and San 
Joaquin river basins, which is synonymous with the 
drainage basins of the Central Valley and includes 
the Sacramento-San Joaquin Drainage District. 

Central Valley Flood Protection Plan (CVFPP) The CVFPP is a State 
plan that will describe the challenges, opportunities, 
and a vision for improving integrated flood 
management in the Central Valley.   The CVFPP will 
document the 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 consequence 
of flood damage that could result.  The plan will be 
submitted to the Central Valley Flood Protection 
Board (Board) by January 1, 2012, for adoption by 
the following July, and will be updated every 5 
years.  

Comprehensive Study   Sacramento and San Joaquin River Basin, 
California, Comprehensive Study. 

Conservancy The Nature Conservancy. 
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conveyance capacity   The maximum rate of flowing water, usually 
expressed in cubic feet per second (cfs), that a river, 
canal, or bypass can receive without exceeding a 
threshold value such as flood stage, or the 
freeboard distance from the top of a levee. 
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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 assist the development team in developing 
plan content and producing milestone documents. 
Work groups are a critical element for developing a 
CVFPP that includes and accurately reflects the 
State, federal, tribal, local, and regional 
perspectives, and subject-matter expertise 
necessary to achieve broad public support. 

 
 

 

Delta Sacramento-San Joaquin Delta. 

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 standard Minimum acceptable design requirements for 
construction of flood management facilities (levees, 
control structures, etc.). Design standards can 
change over time as updated information becomes 
available and methods are refined.  In some cases, 
design standards today are different from when 
much of the SPFC was constructed.   

 
 

 
 

designated floodways   Designated floodways are defined as follows:  (1) 
the channel of the stream and that portion of the 
adjoining floodplain reasonably required to provide 
for the passage of a design flood, as indicated by 
floodway encroachment lines on an adopted map, or 
(2) the floodway between existing levees as adopted 
by the Board or the Legislature (23 California Code 
of Regulations (CCR) Section 4i). 

 
 

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: 
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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. 

i. Undeveloped parcels, tracts, or lots, the 
combination of which is less than 20 
acres and contiguous on at least three 
sides to areas meeting the criteria of 
paragraph (a) at the time the 
designation is adopted. 

ii. 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 is a natural unit consisting of all the 
plants, animals, and microorganisms (biological 
components) in an area functioning together with all 
of the physical processes of the environment. The 
biotic and physical components in an ecosystem are 
interdependent, frequently with complex feedback 
loops. The physical components that sustain the 
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biota of an ecosystem include but may not be limited 
to the soil or substrate, topographic relief and 
aspect, the atmosphere, weather and climate, 
hydrology, geomorphic processes, the nutrient 
regime, and the salinity regime. 
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ecosystem restoration   A practice where an ecosystem, that has been 
degraded or disturbed by a specific human action, is 
restored to mimic, as closely as possible, conditions 
that would occur in an area in the absence of human 
changes to the landscape and hydrology. 

 

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. For 
an ecosystem to provide services to humans, some 
interaction with, or at least some appreciation by, 
humans is required.  

 
 

 
 

DFG, California Wildlife Action Plan, 2004 

encroachment The installation of any tower, pole, pipe, fence, 
building, structure, object, or improvement of any 
kind or character that is placed in, on, under, or over 
any portion of the State Water Resources 
Development System or other use of the 
department's right-of-way, including the alteration of 
the ground surface elevation by more than 1 foot, or 
the planting of trees, vines, or other vegetation on 
the department's right-of-way that may pose a threat 
to the physical integrity of any facility of the State 
Water Resources Development System or that could 
interfere with the department's rights with regard to 
access, inspection, repair, or the operation and 
maintenance of any State Water Resources 
Development System facility. 

 
 

 
 

 
 

California Water Code Section 12899(b) 

environmental stewardship   A commitment to responsibly manage and 
protect natural resources (water, air, land, plants 
and animals) and ecosystems in a functional and 
sustainable manner that ensures they are available 
for future generations. 

 

 

California Department of Water Resources Policy Paper: 
Environmental Stewardship DRAFT 2000-03-25 
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euryhaline Able to tolerate a wide range of salinity. 

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 

FloodSAFE California   DWR’s multifaceted initiative launched in 2006 to 
improve public safety through integrated flood 
management and reduce potential flood damages in 
the state’s highest risk areas. Although led at the 
State level and initially funded by Propositions 1E 
and 84 bond money, FloodSAFE implementation 
relies on the cooperation and assistance of federal 
partners, tribal entities, local sponsors, and other 
stakeholders. The FloodSAFE vision is a 
sustainable integrated flood management and 
emergency response system throughout California 
that improves public safety, protects and enhances 
environmental and cultural resources, and supports 
economic growth by reducing the probability of 
destructive floods, promoting beneficial floodplain 
processes, and lowering the damages caused by 
flooding. 

DWR, Draft FloodSAFE Strategic Plan, June 2008 

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 Control System Status Report   A report that will provide an 
assessment of the status of the facilities included in 
the State Plan of Flood Control (SPFC) Descriptive 
Document, identify deficiencies, and make 
recommendations for improvement. This report will 
be revised, as needed. 

flood corridor A passageway for flood flows including but not 
limited to bypass systems, channels, levee systems, 
floodplain easements, culverts, floodwalls, or a 
combination thereof. 

flood damages All damages caused by a flood including physical 
damage, loss of life, and economic damage. 

DWR, Draft FloodSAFE Strategic Plan, June 2008 
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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. 
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California Government Code Section 65007(d) 

flood management The use of comprehensive methods to manage 
flood flows, 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 to 
employed to convey flood flows within the CVFPP 
Planning Area, including facilities of the State Plan 
of Flood Control, flood control reservoirs, and non-
project levees. 

 
 

floodplain An area adjacent to a stream or river that 
experiences occasional or periodic flooding.  

 

DWR, 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 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 

 

flood-prone areas Areas are 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 
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flood risk The probability of flooding combined with negative 
outcomes that could result when flooding occurs. 

floodway, state-designated   The channel of a stream and that portion of 
the adjoining floodplain required to reasonably 
provide for the 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. 

geomorphology Geomorphology is the study of the characteristics, 
origins, and development of landforms. 

Historic American Period   1848 to present. 

Historic Mexican Period   1822 to 1848. 

Historic Spanish Period   1769 to 1822. 

Hyatt-Thermolito Combined 900-megawatt Hyatt Pumping-Generating 
Plant and Thermalito Pumping-Generating Plant. 

hydraulics The branch of physics having to do with the 
mechanical properties of water and other liquids in 
motion and with the application of these properties 
in engineering. 

hydrology The science dealing with the waters of the earth, 
their distribution on the surface and underground, 
and the cycle involving evaporation, precipitation, 
flow to the seas, etc.  

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. 

DWR, Draft FloodSAFE Strategic Plan, June 2008 

legacy community A rural community that is registered as a Historic 
District by either a State or federal entity. 

8-8 March 2010 



 8.0 Glossary 

Levee Flood Protection Zone   An area that is protected, as determined 
by the Central Valley Flood Protection Board or the 
California 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.  
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California Government Code Section 65300.2(b) 

local jurisdiction Means a city, city and county, or county. 

management actions   Management actions include all structural and 
non-structural activities or projects that could be 
taken to improve flood management within the 
designated planning area. 

 
 

 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.  

 

non-project levee Any levee that is not part of the State-federal flood 
protection system (CWC 9602(c)). Non-project 
levees are typically privately owned or under the 
authority of a local levee district. 

 
 

non-urbanized area A developed area or an area outside a developed 
area in which there are fewer than 10,000 residents. 

California Government Code Section 65007(e) 

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. 

 
 

 

 
California Water Code Section 9602(c) 

partner Individuals, organizations, and/or agencies with 
direct responsibilities for activities and actions 
anticipated by the CVFPP. 

pelagic Living in open seas or the ocean. 
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project levee Any levee that is part of the State-federal flood 
protection system. 

Proposition 1E Disaster Preparedness and Flood Prevention Bond 
Act. 

Proposition 84 Safe Drinking Water, Water Quality and Supply, 
Flood Control, River and Coastal Protection Bond 
Act. 

proto-historic Proto-historic is defined as the study of a culture just 
before the time of its earliest recorded history. 

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   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.  

California Water Code Section 9602 

Q3 Q3 Flood Data is a digital representation of certain 
features of FEMA's Flood Insurance Rate Maps, 
intended for use with desktop mapping and 
Geographic Information Systems technology. 

Reclamation U.S Department of the Interior, Bureau of 
Reclamation. 

rehabilitation To restore a facility or system (either natural or man-
made) to its former good condition. 

repair Activities necessary to maintain the functionality of 
flood management systems that have deteriorated 
over time and/or do not meet current design 
standards (DWR, Levee Repair Web Site). 

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. 

riparian area Areas that are transitional between terrestrial and 
aquatic ecosystems and are distinguished by 
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gradients in biophysical conditions, ecological 
processes, and biota.  They are areas through which 
surface and subsurface hydrology connect water 
bodies with their adjacent uplands.  They include 
those 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. 

C
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riprap Large boulders.  

rural community A city, town, or settlement outside of urban and 
urbanizing areas with an expected population less 
than 10,000 within the next 10 years. 

 
 

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 and 
San Joaquin river basins, and (2) includes project 
levees that protect a contiguous urban area of 
10,000 or more residents within the Sacramento and 
San Joaquin river basins.  

 
 

 
 

 
 

California Water Code Sections 9602 and 9611 

Sacramento and San Joaquin river basins   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 
and San Joaquin river basins do not include lands 
lying within the Tulare Lake Basin, including the 
Kings River. 

 
 

 

 

California Government Code Section 65007(g) 
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Section 215 water Section 215 water refers to temporary water supply 
made available via Section 215 of the Reclamation 
Reform Act of October 12, 1982 (Public Law 97-293, 
Title II), as amended (43 United States Code 
Section 39000). 

Settlement San Joaquin River Stipulation of Settlement. 

Special Flood Hazard Area (SFHA)    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-percent chance of being equaled or exceeded in 
any given year. The 1-percent 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 

Stafford Act Stafford Disaster Relief and Emergency Assistance 
Act (Public Law 93-288, as amended). 

State State of California. 

State Plan of Flood Control   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, in specific 
flood control projects in the Sacramento and San 
Joaquin river basins, and in other areas that the 
state has provided assurances to the federal 
government to operate and maintain flood project 
facilities. These facilities include approximately 
1,600 miles of levees in the Central Valley. The 
SPFC Descriptive Document will inventory and 
describe this system and its operation. 

CVFMP Program Fact Sheet and California 
Public Resources Code Section 5096.805 

stationarity Stationarity is an assumption that the mean and 
variance of historical data do not change over time. 

Stockton Channel San Francisco Bay to Stockton Deep Water Ship 
Channel. 
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structural improvements   Are projects intended to modify flood patterns 
and rely primarily on constructed components and 
include such measures as levees, floodwalls, and 
improved channels. 
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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 Refers to a grouping of facilities that encompass an 
entire system, e.g., the flood management system 
within Sacramento-San Joaquin River Flood 
management System (CVFPP planning area). 

 
 

urban area23 A developed area in which there are 10,000 
residents or more. 

California Government Code Section 65007 (i) 

urban level of flood protection   Level of 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, the California Department of 
Water Resources.  

 
 

 
 

California Government Code Section 65007(k) 
and California Water Code Section 9602(i) 

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 (j) 

 
 

 

                                                           
23 “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.” 
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