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SECTION 1 

Background and Purpose 

This appraisal report was prepared by the San Joaquin River Resource Management 
Coalition (RMC) and is intended to provide an appraisal of the critical issues associated 
with the planned implementation of the San Joaquin River Settlement Agreement dated 
October 2006 (Settlement). Implementation of the Settlement has the potential to cause 
significant impacts to individuals and entities along the San Joaquin River that were not 
party to the Settlement (third parties) including RMC members. These potential impacts 
involve a wide range of issues related to: 

• Water supply operations 
• Land use 
• Flood control operations/protection 
• Agricultural crop production 
• Seepage and shallow groundwater impacts 
• Environmental and quality of life changes 

The RMC members have the potential to bear substantial economic and environmental costs 
that could result from direct and indirect impacts if proposed restoration actions are not 
thoroughly evaluated, carefully implemented, and properly mitigated.  

As described throughout this report, a comprehensive planning process must be undertaken 
to ensure successful implementation of the Settlement and to avoid or minimize direct and 
indirect impacts to third parties. To ensure that actions in one reach of the river do not 
create unintended impacts in other areas, this comprehensive planning process should 
consider all the restoration actions as part of a complete implementation effort, and avoid 
implementation or construction of partial actions before the comprehensive planning 
process is complete. Likewise, comprehensive funding for the restoration program is needed 
to ensure that implementation of all actions is fully funded prior to initiating any project 
construction activities. 

This appraisal report provides a brief assessment of the issues associated with the potential 
restoration actions and physical system improvements described in the Settlement. This 
includes identification of potential impacts that could result from implementation of these 
actions, description of the evaluations needed, listing of approvals and permits needed, and 
description of any additional considerations that should be addressed. The proposed 
restoration actions and associated evaluations are grouped by those that are applicable to all 
or the majority of the river reaches (Section 2.1, River-wide Actions) and those that are 
specific to certain reaches (Section 2.2, Reach-specific Actions). This report also identifies an 
approach for landowner involvement and priorities for further technical analysis (Section 3, 
Conclusions and Recommendations).  

While the RMC is not a party to the Settlement, it does support the legislation that was 
negotiated to address impacts to third parties and would like to work collaboratively with 
the U.S. Bureau of Reclamation (Reclamation), California Department of Resources (DWR), 
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SECTION 1: BACKGROUND AND PURPOSE 

and others in the planning process to allow for the successful implementation of the 
Settlement. The RMC brings local knowledge and understanding to the process, which can 
contribute substantially to the successful restoration of the San Joaquin River.  

1.1 Background 
1.1.1 San Joaquin River Resource Management Coalition 
The RMC is an organization whose voting members include landowners, water and 
irrigation districts, the San Joaquin River Exchange Contractors Water Authority 
(SJRECWA), local government agencies, and farm bureaus within the RMC boundaries of 
Merced, Madera, Fresno, and a small portion of Stanislaus counties. Nonvoting members of 
the RMC include the Lower San Joaquin Levee District (LSJLD), various federal and state 
resource and regulatory agencies, local environmental interests, and interested members of 
the general public. Collectively, the RMC represents the interests of agencies and 
landowners along the San Joaquin River from Friant Dam to the confluence with the Merced 
River. The purpose of the RMC is to proactively address resource management challenges 
on the San Joaquin River, and to provide a voice in the planning process for all entities 
concerned with the river’s future.  

1.1.2 San Joaquin River Settlement Agreement  
In 1988, a coalition of environmental groups, led by the Natural Resources Defense Council 
(NRDC), filed a lawsuit against Reclamation challenging the renewal of the long-term water 
service contracts for the Friant Division Contractors of Central Valley Project (NRDC, et al., 
v. Kirk Rodgers, et al., 1988). After more than 18 years of litigation, the parties to the lawsuit 
reached agreement on the terms and conditions of a Settlement and executed the Settlement 
in September 2006. The Settlement was approved by the U.S. District Court in October 2006. 
The Settlement is based on two parallel goals:  

1. The Restoration Goal—To restore and maintain fish populations in “good condition” in 
the mainstem of the San Joaquin River below Friant Dam to the confluence of the 
Merced River, including naturally reproducing and self-sustaining populations of 
salmon and other fish. 

2. The Water Management Goal—To reduce or avoid adverse water supply impacts to all 
of the Friant Division long-term Contractors that may result from the Interim Flows and 
Restoration Flows provided for in the Settlement. 

To accomplish these goals, the Settlement calls for a combination of channel and structural 
improvements along the San Joaquin River below Friant Dam and releases of additional 
water from Friant Dam to the confluence of the Merced River. Federal legislation has been 
introduced that includes specific language relative to some of the proposed improvements 
and if passed will supersede the existing language contained in the Settlement. The 
Settlement also calls for planning, implementation, mitigation, and funding measures to 
meet the goals. The improvements identified in the Settlement include the following (taken 
from paragraph 11 of the Settlement):  

• Phase 1 Improvements (to be completed no later than December 31, 2013): 
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SECTION 1: BACKGROUND AND PURPOSE 

− Creation of a bypass channel around Mendota Pool to convey at least 4,500 cubic feet 
per second (cfs) from Reach 2B to Reach 3 and construction of a structure capable of 
directing flow down the bypass and allowing the Secretary of the Interior (Secretary) 
to make deliveries of San Joaquin River water to the Mendota Pool.  

− Modifications in channel capacity (incorporating new floodplain and related riparian 
habitat) to ensure conveyance of at least 4,500 cfs in Reach 2B between the 
Chowchilla Bifurcation Structure and the new Mendota Pool Bypass. 

− Modifications in channel capacity to the extent necessary to ensure conveyance of 
475 cfs through Reach 4B. See the following discussion regarding Reach 4B and 
proposed federal legislation Section 9(g). 

− Modifications at the Reach 4B headgate to ensure fish passage and enable flow 
routing of between 500 cfs and 4,500 cfs in Reach 4B. 

− Modification of the Sand Slough Control Structure to ensure fish passage. 

− Screening the Arroyo Canal diversion structure to prevent entrainment. 

− Modifications to Sack Dam to ensure fish passage. 

− Modification of structures in the Eastside and Mariposa Bypass channels to the 
extent needed to provide fish passage on an interim basis until completion of Phase 2 
improvements. 

− Modifications in the Eastside and Mariposa Bypass to establish a suitable low-flow 
channel.  

− Modifications to enable deployment of seasonal barriers to prevent adult fish from 
entering false migration pathways in the area of Salt and Mud sloughs. 

• Phase 2 Improvements (to be completed no later than December 31, 2016): 

− Modifications in channel capacity (incorporating new floodplain and related riparian 
habitat) to ensure conveyance of at least 4,500 cfs in Reach 4B unless such 
modifications would not substantially enhance achievement of the Restoration Goal. 

− Modification of the Chowchilla Bifurcation Structure to provide fish passage and 
prevent entrainment. 

− Filling and/or isolating the highest-priority gravel pits in Reach 1.  

− Modification of the Sand Slough Control Structure to enable routing and conveyance 
of Restoration Flows of up to 4,500 cfs into Reach 4B. 

Paragraph 12 of the Settlement further acknowledges that “there are likely additional 
channel or structural improvements... that may further enhance the success of achieving the 
Restoration Goal.”  
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SECTION 1: BACKGROUND AND PURPOSE 

1.1.3 Federal Legislation  
Federal legislation has been introduced in both the House of Representatives and the Senate 
that would provide the authorization necessary to implement the Settlement. The legislation 
generally parallels the Settlement, but includes a number of sections that supersede the 
Settlement and provide further clarification regarding implementation of the proposed 
actions and project phasing. As currently written, the legislation includes many protections 
and provisions supported by the various agencies and downstream landowners that have 
the potential to be significantly impacted by the Settlement. Among other things, the 
legislation provides authorization to conduct the following actions: 

• Modify Friant Dam operations necessary to release Restoration and Interim Flows 

• Enter into agreements with the state to facilitate or expedite implementation of the 
Settlement 

• Enter into other appropriate agreements with state, tribal, local government agencies, 
and private parties, including agreements related to the construction, improvement, and 
operation and maintenance of facilities to achieve the purposes of the Settlement 

• Conduct design or engineering studies necessary to implement the Settlement 

• Initiate and expeditiously complete applicable environmental reviews and consultations 
as necessary to implement the Settlement  

• Acquire property, interests in property, or options to acquire real property needed to 
implement the Settlement from willing sellers 

Under the legislation, the Secretary is to identity the impacts associated with 
implementation of decisions or agreements to construct, improve, operate, or maintain 
facilities that are needed to implement the Settlement, and identify the measures that shall 
be implemented to mitigate impacts on adjacent and downstream water users and 
landowners. The impacts and mitigation measures are to be identified prior to the 
construction, improvement, operation, or maintenance of facilities that are needed to 
implement the Settlement. The legislation also specifies that “to the extent that costs 
incurred solely to implement this Settlement would not otherwise have been incurred by 
any entity or public or local agency or subdivision of the State of California, such costs shall 
not be borne by such entity, agency, or subdivision of the State of California, unless such 
costs are incurred on a voluntary basis.” 

Section 9(g) Reach 4B of the legislation requires that the Secretary conduct a study that 
specifies:  

(i) the costs of undertaking any work required under paragraph 11(a)(3) of the 
Settlement to increase the capacity of Reach 4B prior to the reinitiation of Restoration 
Flows; 

(ii) the impacts associated with the reinitiation of such flows; and 

(iii) measures that shall be implemented to mitigate impacts. 
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The legislation states that the study shall be completed prior to restoration of any flows 
other than Interim Flows. Interim Flows must not exceed existing channel capacities and are 
defined in the Settlement as flows that will include releases of additional water from Friant 
Dam commencing no later than October 1, 2009, and continuing until full Restoration Flows 
begin. Interim Flow releases, per Paragraph 15 of the Settlement, have a specified timing 
and magnitude as defined in the appropriate year type hydrograph listed in Exhibit B of the 
Settlement. The requirements of this study supersede the Settlement paragraph 11 Phase 1 
implementation improvements listed previously for Reach 4B. 

Section 9(g) Reach 4B of the legislation also requires that the Secretary file a report with 
congress not later than 90 days after issuing a determination, as required in the Settlement, 
on whether to expand channel conveyance capacity to 4,500 cfs in Reach 4B; or use an 
alternate route for flows. This determination is to be made, to the extent feasible, before 
undertaking any substantial construction work to increase the capacity of Reach 4B.  

The report shall identify the basis for the Secretary’s determination and identify how 
different factors were assessed, such as comparative biological and habitat benefits, 
comparative costs and relative available state cost-sharing funds, and the comparative 
benefits and impacts on water temperature, water supply, private property, and local and 
downstream flood control. The report shall also include the Secretary’s final cost estimate 
for expanding the capacity of Reach 4B to 4,500 cfs or any alternative route selected, as well 
as other alternative cost estimates provided by the state, the Restoration Administrator, and 
by other parties to the Settlement. 

If the Secretary’s estimated federal cost for expanding Reach 4B exceeds the remaining 
federal funding authorized by the legislation, then congress must increase the applicable 
authorization ceiling to at least cover the higher estimated federal costs before the Secretary 
commences actual construction work in Reach 4B to expand the capacity to 4,500 cfs to 
implement the Settlement.  

1.2 Purpose of this Appraisal Report 
The purpose of this appraisal report is as follows: 

• Identify the critical issues associated with the planned implementation of the Settlement 
and associated legislation 

• Provide a brief assessment of the potential issues and constraints associated with the 
proposed channel and structural improvements necessary to implement the Settlement 

• Suggest priorities for conducting technical analyses to assess the constraints and impacts 
associated with the Settlement including: 

− Identify required future technical analyses 
− Identify priorities and process for conducting future analysis 
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1.3 Source Information 
Technical information for this appraisal report has been gathered from existing documents, 
published studies, and court documents from NRDC, et al., v. Kirk Rodgers, et al., 1988. 
Additionally, information has been collected through personal communications with 
various RMC members and the LSJLD.  

1.4 Project Area 
The project area includes the Upper San Joaquin River from Friant Dam to the confluence of 
the Merced River. As shown in Figure 1-1, this area is divided into five reaches and seven 
subreaches. Detailed reach-by-reach maps are provided in Appendix A. 
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SECTION 2 

Appraisal of Proposed Restoration Actions  

This section provides an overview of the proposed restoration actions, critical issues, and 
associated evaluations that need to be conducted as part of the planning process to 
implement the Settlement as specified in the associated federal legislation. The proposed 
restoration actions are based on the channel and structural improvements identified in 
paragraph 11 of the Settlement, and additional actions that may be necessary to further 
enhance the success of achieving the Restoration Goal, as described in paragraph 12 of the 
Settlement. The appraisal of the restoration actions and discussion of required evaluations 
are organized by those actions that are applicable to all or the majority of the river reaches 
(Section 2.1, River-wide Actions) and those that are specific to certain reaches (Section 2.2, 
Reach-specific Actions). For each proposed restoration action, the following are identified: 
potential impacts as a result of the action, evaluations needed, approvals and permits 
needed, and any additional considerations that should be addressed. Table 2-1 provides a 
summary of the proposed restoration actions. 

2.1 River-wide Actions 
This section addresses the following proposed restoration actions and evaluations that are 
applicable to all or the majority of the Upper San Joaquin River reaches: 

• Levee and channel improvements  
• Water supply operations  
• Flood control operations  
• Screen diversions 
• Riparian habitat restoration  

2.1.1 Levee and Channel Improvements 
To achieve the Restoration Goal, the Settlement proposes to increase the frequency and 
magnitude of flows in the San Joaquin River below Friant Dam. Portions of the San Joaquin 
River are bounded by project levees, or levees constructed by the State of California as part 
of the Lower San Joaquin River Flood Control Project, and non-project levees, or levees 
constructed by local landowners. Under existing conditions, significant structural stability 
and seepage problems occur during flood-flow events in many areas throughout the 
existing project and non-project levee system. These structural stability and seepage 
problems will be exacerbated by the increased frequency and magnitude of flows in the 
San Joaquin River under the Settlement.  
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SECTION 2: RESTORATION ACTIONS AND REQUIRED EVALUATIONS 

TABLE 2-1 
Restoration Actions Proposed by Reach 

Reach  Proposed Restoration Actionsa 

1 • Reconstruct channel/side channels and add gravel for spawning habitat 
• Fill and isolate gravel pits 
• Screen diversions 
• Remove or reconstruct barriers to migration (road crossings) 
• Restore riparian habitat  
• Gravelly Ford diversion protectionb 

2A • Construct levee and channel improvements  
• Restore riparian habitat  
• Redesign or modify Chowchilla Bifurcation Structure for fish passage and prevent 

entrainment 
• Screen diversions 

2B • Construct levee and channel improvements 
• Restore riparian habitat  
• Remove or reconstruct San Mateo Road crossing 
• Screen diversions 

Mendota Pool 
Bypass 

• New bifurcation structure 
• Construct bypass channel 
• Fish screens and related fish bypass facilities 
• Create riparian habitat  

3 • Construct levee and channel improvements 
• Replace or modify Sack Dam for fish passage 
• Screen Arroyo Canal 
• Screen other diversions 
• Restore riparian habitat  

4A • Construct levee and channel improvements 
• Screen diversions 
• Screen and modify Sand Slough Control Structure for fish passage 

4B Upper • Conduct Section 9(g) study and report required by federal legislation to assess potential 
costs, impacts, and mitigation before determining phasing and flow routing for Reach 4B 
(flows routed down the Mainstem or through the Flood Bypass System) 

Flows Routed Through Mainstem: 
• Construct levee improvements and associated river channel and floodplain  
• Restore riparian habitat  
• Reconstruct road crossings 
• Screen diversions 
• Screen and modify Mariposa Bifurcation Structure for fish passage 

Flows Routed Through Bypass System: 
• Construct levee and channel improvements  
• Create riparian habitat  
• Screen diversions 
• Screen and modify Mariposa Bifurcation Structure for fish passage 
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TABLE 2-1 
Restoration Actions Proposed by Reach 

Reach  Proposed Restoration Actionsa 

4B Lower • Construct levee improvements 
• Restore riparian habitat  

5 • Screen diversions 
• Screen Mud and Salt sloughs 

a Proposed restoration actions are based on the channel and structural improvements identified in paragraph 11 of the 
Settlement as specified in the associated federal legislation. Additional actions may be necessary to further enhance 
the success of achieving the Restoration Goal, as described in paragraph 12 of the Settlement. Discussion of land 
acquisition needs is included in Section 2.2 Reach-specific Actions. 

b Actions not called for in paragraph 11 but required as part of restoration program. 

The structural stability of the existing levees must be improved first to safely pass the 
Restoration Flows. In addition, channel improvements, including the construction of a low-
flow channel in reaches where a channel does not currently exist and construction of a new 
floodplain may be necessary to address the biological requirements of key stages of the 
salmonid life cycle. Some areas of the mainstem are not protected by project or non-project 
levees (primarily in Reach 4B Upper), and levees, floodplain, and a low-flow channel will be 
needed if this flow route is selected as part of the restoration program. Existing channel flow 
capacities must be assessed to determine appropriate Interim Flow release levels per federal 
legislation requirements. Existing levee constraints, proposed improvements, and associated 
evaluations are described below and summarized in Table 2-2. 

2.1.1.1 Potential Impacts 
Restoration Flows will increase the magnitude and frequency of flows in the San Joaquin 
River system, and possibly, in the bypass system. Some reaches do not have sufficient 
capacity to convey the Restoration Flows and new levees or setback levees will be needed. 
Additionally, increasing the magnitude and frequency of flows has the potential to increase 
the amount of time and height of water on the toe of the existing levees, which will result in 
additional seepage and piping. This seepage and piping may cause crop damage, exacerbate 
high groundwater levels in some reaches of the river, and increase the potential for levee 
failure. Increasing the frequency, amount of time, and height of water on the toe of the 
levees may also cause additional erosion of the levee banks, requiring additional measures 
to prevent degradation of the levee slope.  

The potential impacts of the increased magnitude and frequency of flows in the San Joaquin 
River under the Settlement on the existing levee and channel system can be mitigated using 
various methods, including the following. 

• Rebuild existing levees to improve structural stability 
• Redesign existing channel to increase capacity 
• Install slurry walls to reduce seepage and improve structural stability 
• Construct setback levees for areas with limited capacity 
• Construct a low-flow channel in reaches where a channel does not currently exist 
• Construct new floodplains to provide for flood flow routing 
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TABLE 2-2 
Existing Levee and Channel Constraints and Potential System Improvements by Reach 

Reach Levee 

Approx 
Current 

Maximum 
Capacity 

Minimum  
Restoration 
and Water 
Right Flow  

Existing Levee 
Stability or Piping 

Problems Potential Impacts 
Potential River System 

Improvements 

1 None 8,000 cfs 7,000 cfs Not Applicable None identified No improvements needed 

2A Project 8,000 cfs 7,000 cfs Piping and seepage 
observed well below flow 
capacity and historical 
levee failure 

Increased frequency and magnitude of flows can 
increase the amount of seepage, resulting in crop 
damage and exacerbating levee stability problems  

Rebuild levees and install 
slurry walls; construct setback 
levees and new floodplain; 
construct low-flow channel 

2B Non-project 1,300 cfs 7,000 cfs Significant seepage and 
stability problems with 
higher flows (greater than 
1,300 cfs) 

Inadequate capacity for Restoration Flows; increased 
frequency and magnitude flows will increase the 
amount of seepage, resulting in crop damage and levee 
stability problems 

Rebuild levees and install 
slurry walls; construct setback 
levees and new floodplain; 
construct low-flow channel 

3 Non-project 4,500 cfs 5,300 cfs Seepage problems with 
higher flows 

Increased frequency and magnitude of flows will 
increase the amount of seepage, resulting in crop 
damage and levee stability problems; potential flooding 
of urban areas with levee failure 

Rebuild levees and install 
slurry walls 

4A Non-project 4,500 cfs 4,500 cfs Seepage and levee 
stability problems 

Increased frequency and magnitude of flows will 
increase the amount of seepage, resulting in crop 
damage and levee stability problems 

Rebuild levees and install 
slurry walls 

4B Upper  
Mainstem 

None / 
Non-project 

0 cfs 4,500 cfs Lack of levees throughout 
much of the reach; lack of 
defined river channel 

Inadequate capacity for Restoration Flows; lack of 
comprehensive levee system, low-flow channel, and 
floodplain; potential seepage-induced high groundwater 
and resulting crop damage 

Construct levees with slurry 
walls; construct setback levees 
and new floodplain; construct 
low-flow channel 

4B Upper  
Bypass 
System 

Project 13,500 cfs 4,500 cfs Piping and seepage 
observed at flows well 
below design capacity 

Increased frequency and magnitude of flows will 
increase the amount of seepage, resulting in crop 
damage and levee stability problems 

Rebuild levees and install 
slurry walls in some areas; 
construct low-flow channel 

4B Lower Project 10,000 cfs 4,500 cfs Seepage and high 
groundwater results in 
crop damage during high 
flows 

Increased frequency and magnitude of flows will 
increase the amount of seepage, resulting in crop 
damage and levee stability problems 

Install slurry walls 

5 Project 26,000 cfs 4,500 cfs None identified at this 
time 

None identified at this time None identified at this time 
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• Install subsurface drainage systems to reduce seepage impacts and mitigate for 
interruption of drainage from adjacent lands  

Mitigation measures will vary by reach with a combination of measures possibly occurring 
in each reach.  

2.1.1.2 Evaluation Needed 
Because of the high costs of levee and channel improvements and the potential for property 
damage and loss of life, an extensive evaluation of the existing project and non-project 
levees and associated channel capacity constraints should be conducted as part of the 
restoration planning process. This evaluation should include the following: 

• Engineering analysis and design including:  

− Topographic and channel surveys 
− Hydrologic Engineering Center (HEC) computer modeling 
− Final channel design and land acquisition plan 
− Sediment management plan and long-term monitoring 
− Groundwater surveys and long-term monitoring 
− Geotechnical studies to determine structural stability of existing levees 

• Mitigation and monitoring program  

These evaluations are described in more detail as follows. 

Engineering Analysis and Design. Engineering analyses should be conducted for all proposed 
levee and channel improvements. The analyses should consist of two major components: 
(1) determine the existing levee and channel constraints within each reach; and (2) conduct 
an analysis of possible alternatives for levee and channel improvements. Alternatives 
should consider various methods to improve problem levees and channel areas including 
structural improvements, such as rebuilding levees, installing slurry walls, installing tile 
drains, and different construction methods. The alternatives analysis should also 
incorporate historical knowledge and local understanding and be coordinated closely with 
local agencies and landowner representatives. Additionally, agreement on the appropriate 
assumptions for the analyses should be obtained early in the process with local agencies and 
landowners. These analyses should be based on the best available information, include field 
studies and data collection as needed, and be conducted to professional standards using 
established engineering practices. All engineering design should be conducted to 
Reclamation, California DWR, and/or U.S. Army Corps of Engineers (USACE) design 
standards and guidelines, as appropriate.  

Topographic and Channel Surveys. A common set of topographic and channel survey 
information for the entire Upper San Joaquin River should be established and serve as the 
basis for future analysis. Detailed topographic and channel surveys were previously 
prepared for the San Joaquin River by Ayres Associates and Mussetter Engineering, Inc., 
respectively. The survey results should be reviewed for technical accuracy, completeness, 
and area of coverage to determine their applicability for future analysis.  

Topographic surveys should include aerial photography, ground control, and extend a 
sufficient width to include areas of potential setback levees. Topographic data should be 
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sufficient for all anticipated engineering and design analysis and should be conducted, at a 
minimum, to the nearest foot with an accuracy of plus or minus 6 inches. To the extent 
possible, this effort could build upon the topographic survey effort previously completed by 
Ayres Associates.  

Channel surveys should include sufficient cross section lengths to include areas of potential 
setback levees. Survey data should be sufficient for all anticipated engineering and design 
analysis and cross sections should be conducted, at a minimum, at 1,000-foot intervals along 
the river with shorter intervals where structures are located or where focused studies are 
proposed. To the extent possible, this effort should build upon the previous channel survey 
effort conducted by Mussetter Engineering, Inc.  

HEC Computer Modeling. A HEC-RAS analysis for predicting water surface elevations 
downstream should be conducted with the model calibrated using historical high-flow and 
water level data. The analysis should be conducted using appropriate roughness coefficients 
based on established engineering practice to accurately model water surface elevations. The 
overall ultimate growth landscape design for riparian habitat should be considered in the 
roughness coefficient assumptions to better characterize roughness and determine future 
channel characteristics (see discussion under Section 2.1.5).  

Final Channel Design and Land Acquisition Plan. All levee and channel improvements 
must be designed for ultimate future riparian habitat conditions to ensure that adequate 
design flood flow capacity is maintained and there is no increase in the water surface 
elevation, as compared to the existing “baseline conditions” (see discussion under 
Section 2.1.5).  

Levee and channel improvements must be designed per U.S Army Corps of Engineers 
(USACE) and state levee standards. USACE standards are specified in Levee Design 
Manual, EM 1110-2-1913 and Design Guidance for Levee Underseepage, ETL 1110-2-569. 
State design criteria are specified in the California Code of Regulations, Title 23 Waters, 
Div. 1 Reclamation Board. These documents are currently under review and important 
design criteria revisions are anticipated that will be critical to the planning and design of 
levee and channel improvements along the San Joaquin River. 

Channel reconstruction must be designed to safely convey the estimated 4,500 cfs 
Restoration Flows plus water right flows in Reaches 2B and 3. In Reach 2B, a total capacity 
of at least 7,000 cfs is needed (4,500 cfs Restoration Flow and 2,500 cfs for water right flows). 
In Reach 3, total capacity of at least 5,300 cfs is needed (4,500 cfs Restoration Flow and 
800 cfs for water right flows). For additional information on reach-specific improvements 
and evaluations, refer to the reach-by-reach discussions in Section 2.2. 

A comprehensive land acquisition plan must be developed that specifically identifies, on a 
parcel-by-parcel basis, all the acreage that will need to be purchased from willing sellers or 
for which easements will be required for facilities construction, channel improvements and 
levee setbacks, and full restoration project implementation. The plan must clearly describe 
all valuation procedures and conform with Uniform Appraisal Standards for Federal Land 
Acquisitions and the Uniform Standards of Professional Appraisal Practice. 

Sediment Management Plan and Long-term Monitoring. A sediment transport monitoring 
and management plan should be developed for all reaches of the San Joaquin River. The 
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sediment management plan should be developed based on analyses of sediment transport 
characteristics in the project area and field surveys of channel and floodplain conditions. 
The management plan should identify reaches with the potential for significant aggradation 
or degradation, and the likely processes (e.g., bank erosion, bed scour, backwater 
deposition, etc.) contributing to aggradation or degradation in each reach. The management 
plan should also identify appropriate frequencies of sediment transport monitoring (ideally 
tied to existing data on sediment incipient motion and sediment transport) for each reach. 
Finally, the plan should describe methods for sediment transport monitoring appropriate 
for expected conditions in each reach. Monitoring will depend on reach-specific conditions 
but should include some combination of permanently monumented monitoring cross 
sections, erosion pins, scour chains, bedload transport monitoring, and suspended load 
transport monitoring. Specific monitoring methods must be conducted prior to release of 
Interim or Restoration Flows to establish baseline conditions, and on a regular basis after 
implementation, to detect ongoing change. The management plan should also describe 
permit requirements and best management practices to apply if and when changes are 
detected. 

Groundwater Surveys and Long-term Monitoring. Groundwater surveys and monitoring 
should be conducted for areas of the San Joaquin River with known seepage problems and 
areas of high groundwater. The survey and monitoring effort should be initiated prior to 
any levee improvements or Interim or Restoration Flow releases to determine baseline 
conditions. Groundwater monitoring wells with data loggers to continuously record water 
levels should be appropriately placed to record shallow groundwater levels and potential 
effects on groundwater from increased Restoration Flows in the river. Groundwater quality 
monitoring should be regularly conducted at selected wells where known poor 
groundwater conditions exist, including the lower reaches of the river. Piezometers and 
shallow groundwater monitoring wells should be installed in adjacent agricultural lands to 
monitor salts in the root zone as increases in groundwater elevations can bring leached salts 
into the root zone and affect the long-term productivity of agricultural lands.  

Geotechnical Studies to Determine Structural Stability of Existing Levees. An extensive 
evaluation should be conducted to determine the structural stability of the existing levee 
system and assess the potential impacts of releasing Restoration Flows. This effort should be 
conducted on a subreach basis as factors that can affect levee stability (such as native soils 
and materials used in constructing the levees) can vary substantially over relatively small 
sections of the project and non-project levees. This evaluation should be conducted 
throughout the mainstem and for reaches of the bypass system where Restoration Flows 
may be routed. This evaluation should consist of the following: 

• Conduct geotechnical borings at least every mile on both sides of the river both through 
the project or non-project levee and outside the levee in the adjacent agricultural lands 
to evaluate subsurface conditions.  

• Conduct field tests in borings for permeability, density, and to obtain samples for lab 
tests of compaction, permeability, strength, and grain size. Utilize the field and lab data 
to establish seepage and strength parameters for design.  

• Determine the potential for seepage through the levees under Restoration Flows using 
the material properties from the geotechnical investigation and laboratory testing. 
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Permeability values for vertical and horizontal directions should be used, along with 
two-dimensional cross sections to estimate seepage rates and exit gradients under a 
variety of flows and durations. 

• Determine slope stability under short-term rapid drawdown from peak flows and long- 
term steady-state seepage using conventional two-dimensional stability computer 
methods. This should be completed for both sides of the river at all sections where 
borings have been made. Determine the likely levee stability between boring locations 
using established engineering practices. 

• Where exit gradients may cause erosion or low slope stability factors of safety, rerun the 
analysis utilizing slurry cutoff walls or sheetpiling set to a range of depths below the 
crest of the levees. Perform cost analysis to estimate what depth and type of seepage 
cutoff method is most cost effective. Perform this analysis along the entire reach where 
poor slope stability or seepage conditions exist. 

• Evaluate liquefaction potential under design earthquake shaking with and without flow 
in the river. Estimate amount of seismically induced Settlement.  

• Conduct a sensitivity analysis, to ensure adequate protection, using a range of 
permeability values to estimate the effect of seepage with and without a slurry cutoff 
wall made to different depths.  

• Evaluate the feasibility of using setback levees with and without slurry walls and with 
imported embankment material to determine if seepage into the agricultural fields can 
be reduced under ultimate restoration conditions.  

• Estimate potential water surface elevations within the levees and adjacent fields under 
ultimate (full riparian growth) restoration conditions along all reaches studied. 

• Determine the need for levees to be set back to accommodate Restoration Flows, 
water-right flows, and an increment of flood flows using appropriate roughness 
coefficients to account for additional future riparian vegetation. 

• Determine appropriate construction materials and techniques for rebuilt levees. 

• Determine appropriate construction materials and techniques for slurry wall 
installation.  

• Identify potential borrow material sources. 

The geotechnical studies should determine the need for slurry walls to mitigate 
seepage-induced impacts to agricultural lands and improve levee stability. Slurry walls are 
needed if the stability analysis indicates that seepage through the embankment or the 
foundation under the embankment results in: (1) a low safety factor, (2) exit gradients 
outside the levee that have the potential to cause sand boils, or (3) water table rise that could 
cause crop damage. Sheet pile walls may also be used to prevent seepage under and 
through levees and embankments. If the embankment is made out of sand but the 
foundation under the embankment is silty or silty sand, the embankment may be rebuilt or 
a very short slurry wall can be used. If the foundation is sand but the embankment is silt, a 
slurry wall down into the foundation is needed for seepage reduction.  
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Mitigation and Monitoring Program. Construction of levee and channel improvements will 
cause a variety of construction and operations-related environmental impacts. Impacts 
would be expected to a variety of resource areas including air quality, biological resources, 
cultural resources, traffic and transportation, and water resources. Although many of these 
impacts would be expected to be temporary, some long-term impacts may occur. Many of 
the impacts have the potential to be significant. In addition, because of the aggressive 
schedule outlined in the Settlement, it is likely that numerous Settlement-related 
construction projects would occur at the same time, potentially resulting in significant 
cumulative impacts. A comprehensive analysis of potential environmental impacts should 
be conducted. This analysis should include a comprehensive mitigation and monitoring 
program to reduce or eliminate, to the extent feasible, construction and operational impacts.  

2.1.1.3 Approvals and Permits Needed 
A variety of approvals and permits would be needed for levee and channel improvement 
activities including the following:  

• Land acquisition (because of the nature of this action, easements do not appear viable) 

• Access agreements from adjacent landowners 

• Compliance with the following federal and state laws: National Environmental Policy 
Act (NEPA); California Environmental Quality Act (CEQA); Endangered Species Act 
(ESA); California Endangered Species Act (CESA); Clean Water Act (CWA); Clean Air 
Act (CAA); CDFG Code Section 1600; DWR floodway permits; and a variety of federal 
and state laws, policies, and regulations and federal Executive Orders  

• Reclamation Board and LSJLD Encroachment Permit(s) 

• Operations and maintenance permits/agreements with a local maintaining agency that 
has yet to be determined 

• State Lands Lease and Land Transfer 

2.1.1.4 Additional Considerations 
Any proposed levee improvements would need to consider the extent of future riparian 
vegetation and include setback levees or other measures to increase channel capacity as 
needed to maintain design flow capacities (see discussion under Section 2.1.5, Riparian 
Habitat Restoration).  

It is assumed that re-built or otherwise improved levees would be owned by the state. 
Operations and maintenance (O&M) of these structures and associated flood channel would 
be conducted by a local maintaining agency that has yet to be determined, under agreement 
with the state. Funding for the O&M activities would be needed. Additionally, long-term 
assurances and ESA and CESA compliance for O&M activities, including assurances and 
compliance for take of salmon after the ESA Section 10(j) experimental population status is 
no longer in effect, would be necessary. This long-term ESA and CESA compliance for O&M 
activities must be completed concurrent with ESA and CESA compliance for construction 
activities. Long-term O&M activities would include vegetation maintenance and removal 
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and sediment removal (including dredging) in portions of the mainstem San Joaquin River 
to maintain channel capacity.  

Long-term establishment of a low-flow channel may not be possible in some reaches 
because of the sand-bedded character of these reaches. As flows increase, the sand-bedded 
channel will likely mobilize and become unstable.  

2.1.2 Water Supply Operations 
Reaches 2B and 3 of the San Joaquin River provide critical water supply conveyance for 
delivery of water under existing water rights. Water delivered via the Delta-Mendota Canal 
is diverted by agricultural users at Mendota Pool, along Fresno Slough, and downstream on 
the San Joaquin River at Sack Dam. Implementation of the Settlement has the potential to 
significantly impact the operational flexibility needed to provide water to agricultural 
diverters along Fresno Slough and at the Columbia Canal headworks in Reach 2B. Water 
supply operations associated with Mendota Pool, including potential impacts, evaluations, 
approvals and permits, and additional considerations, are described in Section 2.2.4.  

2.1.3 Flood Control Operations 
Flood control operations on the San Joaquin River include conveyance of flood flows from 
the Kings River and operation of the Lower San Joaquin River Flood Control Project, 
described as follows. 

2.1.3.1 Coordination with Kings River Flood Flows 
Currently, per the flood control manual operations, flood flows from the Kings River are 
diverted into the San Joaquin River via the Fresno Slough at Mendota Pool during flood flow 
releases from Pine Flat Reservoir The Kings River conveys up to the first 4,750 cfs of flow into 
the San Joaquin River and then up to the next 4,750 cfs is diverted to the Tulare Lake Bed. 
Above a Kings River flood flow of 9,500 cfs, the remaining flow is split 50/50 between the 
San Joaquin River and the Tulare Lake Bed. Kings River flood flows have priority over 
Restoration Flows released from Friant Dam into the San Joaquin River. The operation of the 
Chowchilla Bifurcation Structure is coordinated with the amount of Kings River flood flows 
entering the San Joaquin River system via Fresno Slough, if San Joaquin River flood flows are 
being released from Friant Dam. The volume of San Joaquin River flow routed into the bypass 
system is increased as the amount of Kings River flood flows entering the San Joaquin River 
increases. Under high Kings River flow conditions, all flows in the San Joaquin River may be 
routed into the bypass system at the Chowchilla Bifurcation Structure.  

2.1.3.2 Lower San Joaquin River Flood Control Project 
The Lower San Joaquin River Flood Control Project consists of project levees and a number 
of bifurcation structures, control structures, and bypass channels that route high flows out 
of the San Joaquin River into the bypass system, moderating flows in Reaches 2B, 3, 4, and 5. 
Major facilities in the San Joaquin River Flood Control Project include the Chowchilla 
Bifurcation Structure, Chowchilla Bypass, Eastside Bypass Control Structure, Eastside 
Bypass, Mariposa Bypass Structure, and Mariposa Bypass.  

The LSJLD was created in 1955 and is responsible for the maintenance and operation of the 
project flood control facilities. LSJLD, in accordance with its agreement with the state 
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Reclamation Board, is obligated to maintain not only the bypasses, but the channel of the 
San Joaquin River in the project area, in a condition where the channel will carry specified 
flood flows in accordance with the maximum benefits for flood protection. This obligation 
may be in direct conflict with some of the proposed restoration actions, including those that 
encourage vegetation growth in and along the river or bypass channels. 

2.1.3.3 Potential Impacts 
Conveyance of Kings River Flood Flows. Restoration actions including riparian vegetation 
enhancement, levee and channel, improvements, the Mendota Pool Bypass, and revised 
operating criteria for the Chowchilla Bifurcation Structure, have the potential to conflict 
with the routing of Kings River flood flows.  

Lower San Joaquin River Flood Control Project. Existing channel capacity in the bypass 
system is sufficient to handle the Interim and Restoration Flows, however, these flows do 
not comply with the original mandated purpose of the bypass system and do not comply 
with the conditions of the flood easements for the bypass system (i.e., Interim and 
Restoration Flows are not flood flows). Expanded easements, land acquisition, and new 
legislation will be needed to route non-flood flows through the bypass system. In addition, 
new O&M agreements and increased funding for maintenance operations will be required. 

The LSJLD is funded by property tax assessments on lands within the LSJLD boundaries 
that receive flood control benefits. As a result of conversion of lands to state and federal 
ownership (primarily for wildlife areas), the LSJLD is facing a disappearing tax base at a 
time when O&M costs are rising. The additional costs to maintain the channel, levee, and 
related flood control facilities that would be constructed under the Settlement will far 
exceed the LSJLD’s current operating budget. These additional costs would result from 
additional vegetation management activities, additional sediment management and removal 
activities, cleaning of screens and trash racks on facilities, staff time to open and close gates 
and flap gates (in the bypass system), and staff time for flood watch (24-hour staffing 
needed when flows abut the toe of the levees). Additionally, the presence of water in the 
river channel year-round or for extended times during the year will change the LSJLD 
maintenance activities including the timing, tools, and techniques used. Under existing 
conditions, most maintenance activities are conducted when the river is dry, allowing for 
easy access to the river, reducing the potential for safety hazards, and allowing for the use of 
tools (including certain herbicides) and techniques that cannot be used in wet conditions. A 
local maintaining agency would need to be identified, and funds will be needed to cover 
O&M cost and maintain the channels, levees, and related flood control facilities that would 
be constructed under the Settlement. It is assumed that these funds would come from the 
state or federal government rather than from local funding sources, as these costs are a 
direct result of the restoration program.  

As described previously, the LSJLD is obligated to maintain the bypasses and the channel of 
the San Joaquin River in a condition where the channel will carry flood flows in accordance 
with the maximum benefits for flood protection. This obligation may be in direct conflict 
with some of the proposed restoration actions, including those that encourage vegetation 
growth in and along the river or bypass channels. The Settlement should not conflict with or 
reduce the channel capacity or its overall ability to convey flood flows in any way. Existing 
channel capacities must be maintained or enhanced. 
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2.1.3.4 Evaluation Needed 
Conveyance of Kings River Flood Flows. Routing of Kings River flood flows should be 
considered in the evaluation of levee, channel, and vegetation improvements and the 
Mendota Pool Bypass. Facilities and operating criteria, including new operating criteria for 
the Chowchilla Bifurcation Structure must be developed to allow for continued routing 
(including priority) of Kings River flood flows.  

Lower San Joaquin River Flood Control Project. As part of the Reach 4B study, an evaluation 
should be conducted to determine the feasibility and cost of expanded easements or land 
acquisition in the bypass system to allow construction of a larger/wider channel to account 
for riparian vegetation growth and allow for routing of non-flood flows.  

A process must be developed to work with a local maintaining agency to determine O&M 
costs and determine future funding sources. 

2.1.3.5 Approvals and Permits Needed 
Legislation and/or LSJLD authorization to route flows other than flood flows through the 
bypass system. 

2.1.3.6 Additional Considerations 
Changes in the current flood control operations will require development of an updated 
flood control plan for the Upper San Joaquin River and Kings River. 

2.1.4 Screen Diversions 
Based on an inventory conducted by the CDFG in 2001, there are more than 150 diversions 
along the San Joaquin River between Friant Dam and the confluence with the Merced River. 
Table 2-3 lists the number of diversions inventoried by reach and Appendix B provides a 
listing of the diversions by River Mile. While some of the inventoried diversions are not 
currently in use and some may already be screened, it is believed that the vast majority of 
these diversions are unscreened. Unscreened diversions can result in entrainment of 
juvenile salmon leading to direct mortality or stranding of juveniles in canals and related 
irrigation facilities. These diversions would need to be screened prior to reintroduction of 
salmon to the San Joaquin River system. Responsibility and funding for future operations 
and maintenance of the screens and associated facilities will need to be determined and 
necessary agreements achieved. 

2.1.4.1 Potential Impacts 
Screening diversions could cause changes in diversion hydraulics and increase required 
maintenance activities.  

2.1.4.2 Evaluation Needed 
Screens must be designed in accordance with National Marine Fisheries Service (NMFS) 
Fish Screening Criteria for Anadromous Salmonids (NMFS, 1997), criteria established by the 
CDFG, or other applicable criteria at the time of construction. Engineering analyses and 
design should be conducted for each diversion to reduce the potential for changes in 
diversion hydraulics, determine fish behavior response to hydraulic conditions, identify and 

2-12 WB072007008SAC/359592/072420003 (SANJOAQUINSETTLEMENT_9-19-07V3.DOC) 



SECTION 2: RESTORATION ACTIONS AND REQUIRED EVALUATIONS 

address potential sediment and debris problems, and identify the potential for creating 
predation opportunities. For larger diversions, engineering analyses and design should 
include computer modeling to determine appropriate hydraulics and screen design, and 
should consider ways to minimize maintenance activities. Depending on screen size and 
location, a thorough analysis of environmental impacts from construction and operation of 
the screen may also be needed. All screens should be designed assuming fry-sized spring 
and fall run salmonids could be present at the diversion.  

TABLE 2-3 
Number of Diversions on the Mainstem San Joaquin River by Reach 

Reach Number of Diversions 
1 117 

2A 5 
2B 15 
3 3 

4A 2 
4B Upper 8 
4B Lower 2 

5 2 
Total 154 

Source: CDFG, 2001 
Note: Does not include diversions in the Mendota Pool area or in the bypass system. Bypass system includes 380 local 
drainage flap gates, 20 which are located in the Reach 4B area being considered as an alternative flow route. See 
Appendix B for a listing of diversions by river mile. 

2.1.4.3 Approvals and Permits Needed 
The following approvals and permits would likely be needed:  

• Cooperation from the owner/operator of the diversion structure or pump 
• Environmental compliance (likely NEPA, CEQA, ESA, CESA, CWA, and CAA) 
• O&M agreements  

The level of effort for environmental analysis would depend on the size and location of the 
diversion. Larger screens may necessitate a much more extensive environmental review and 
compliance with state, federal, and local laws in addition to those listed previously. 

2.1.4.4 Additional Considerations 
As noted previously, environmental review and compliance will depend on the size and 
location of the diversion.  

2.1.5 Riparian Habitat 
Riparian habitat is proposed in all reaches of the San Joaquin River to provide cover for 
rearing and outmigrating juvenile salmon, provide habitat diversity and complexity for 
prey sources for juvenile salmon, to shade the channel and reduce overall water 
temperatures, and provide cover for juvenile salmon and reduce opportunities for predation 
by avian species.  
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2.1.5.1 Potential Impacts 
Growth of riparian habitat will increase the “roughness coefficient” or amount of friction 
(drag) on flows in the river corridor and result in additional debris being trapped along the 
river or at structures or road crossings (between bridge pillars). This increase in roughness 
raises the water surface elevation of the river as flows are slowed by vegetation. Depending 
on the area and design channel capacity, an increase in the water surface elevation of the 
river will increase the frequency of flows at the levee toe, causing additional seepage and 
levee stability problems. Planning for the restoration of riparian habitat must account for 
these potential consequences and newly constructed or redesigned channel configurations 
(setback levees, and so forth) should allow for additional vegetation (increased roughness) 
in the river channel to maintain design flood flow capacity and maintain original design 
water surface elevations (stage).  

2.1.5.2 Evaluation Needed 
An overall “landscape” design is needed to determine the long-term extent, composition, 
and structure (size, location, and related criteria) of riparian vegetation restoration. This 
design should be conducted on a reach-by-reach basis and should include detailed 
information, including the vegetation composition (including desirable and undesirable 
species) and specific locations/areas for large woody riparian vegetation. Agreement with 
local agencies and landowners on critical assumptions for the analyses should be sought 
early in the process. This detailed design information should be used in the engineering and 
hydraulic analysis conducted for levee and channel improvements (see Section 2.1.1) to 
determine appropriate channel characteristics (such as widths, depths, and locations of 
setback levees). This detailed design information should be used as a guide for long-term 
management and increased maintenance of riparian vegetation by a local maintaining 
agency.  

2.1.5.3 Approvals and Permits Needed 
The extent of approvals and permits needed would depend on the actions taken. Larger 
planting efforts may require NEPA, CEQA, ESA, CESA, CWA, and CAA compliance. 
Natural revegetation may not require federal, state, or local approvals or permits. Under all 
circumstances, coordination with the LSJLD and the Reclamation Board would be needed, 
and depending on the extent of activities, an Encroachment Permit from the Reclamation 
Board may be needed.  

2.1.5.4 Additional Considerations 
A clearly defined set of goals for vegetation area and structure is needed to manage 
potential conflicts with channel capacities and flood operations. Additionally, revegetated 
areas would need to be managed for exotic species. 

As described in Section 2.1.3, the LSJLD maintains the majority of the Upper San Joaquin 
River channel and the bypass system for flood conveyance. Additional vegetation in the 
channel would necessitate additional management activities by LSJLD or a local 
maintaining agency. An  O&M agreement and funding for these activities would be needed. 
Additionally, long-term assurances and ESA and CESA compliance for O&M activities, 

2-14 WB072007008SAC/359592/072420003 (SANJOAQUINSETTLEMENT_9-19-07V3.DOC) 



SECTION 2: RESTORATION ACTIONS AND REQUIRED EVALUATIONS 

including assurances and compliance for take of salmon after the ESA Section 10(j) 
experimental population status is no longer in effect, would be necessary.  

2.2 Reach-specific Actions 
This section addresses proposed restoration actions, critical issues, and technical evaluations 
needed by reach. A tabular summary of the following information is provided in 
Appendix C. See Table 2-1 for a summary of the restoration actions proposed by reach.  

2.2.1 Reach 1 
Reach 1 is approximately 38.5 miles long. It begins at Friant Dam, where the San Joaquin 
River exits the Sierra Nevada foothills, and ends at Gravelly Ford, where the River 
transitions from a predominantly gravel-bed system to a predominantly sand-bed system. 
In this reach, the river is confined within natural terraces and bluffs. Water is present year-
round in Reach 1, and the river is flanked by riparian vegetation through most of the reach. 
Adjacent land uses include gravel mining, rural residential areas, and agricultural lands. 
Reach 1 is anticipated to serve as the primary holding and spawning habitat for salmon 
because of its proximity to Friant Dam and availability of cold water, availability of larger 
pools, and gravel-to-cobble bedded channel. A variety of channel improvements are needed 
in Reach 1 to address the biological requirements of key stages of the salmonid life cycle. 
The following restoration actions are proposed for Reach 1:  

• Reconstruct channel/side channels and add gravel for spawning habitat 
• Fill and isolate gravel pits 
• Reconstruct barriers to migration (road crossings) 

Following is a more detailed description of each of these actions, along with a discussion of 
improvements needed to maintain adequate water levels at diversions near the Gravelly 
Ford Gaging Station. In addition to these actions, existing diversions in Reach 1 would need 
to be screened and riparian habitat restoration would be needed as described in Section 2.1.  

2.2.1.1 Reconstruct Channel/Side Channels and Add Gravel for Spawning Habitat 
Gravel augmentation is needed in Reach 1 because the construction of Friant Dam 
effectively cut off the main sediment supply for the San Joaquin River. The quantity and 
quality of suitable spawning habitat is insufficient to support the biological requirements of 
salmon, and the addition of gravel to specific areas of the river is needed to improve 
spawning habitat and the likelihood of successful fry emergence. Reconstruction of the side 
channels in Reach 1 is important, as these side channels could provide additional juvenile 
rearing habitat. These channel improvements in Reach 1 are necessary to establish the 
biological requirements for key stages of the salmonid life cycle. 

Potential Impacts. Reconstruction of the mainstem and side channels and the addition of 
gravel for spawning habitat would result in changes in localized river hydraulics.  

Evaluation Needed. Detailed engineering designs would be needed for reconstruction of the 
mainstem and side channels and more generalized designs would be needed for gravel 
addition areas. As part of this analysis and design effort, pre- and post-channel surveys, 
flow and sediment transport monitoring and studies, and computer modeling should be 
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conducted to estimate and monitor changes in localized river hydraulics and sediment 
transport. If sensitive biological or cultural resources may be located in the project area, pre-
construction surveys should be conducted and sensitive resources should be avoided or 
mitigated. Mitigation measures should be developed to minimize impacts to water quality 
and air quality.  

Approvals and Permits Needed. The following approvals and permits would likely be needed:  

• Land easements or acquisition  

• Access agreements from adjacent landowners 

• Environmental compliance (likely NEPA, CEQA, ESA, CESA, CWA, CAA, and CDFG 
Code Section 1600 Agreement)  

• State Lands Lease and possible land transfer 

Additional Considerations. Need agreement with existing local responsible agencies for long-
term maintenance of gravel beds. 

2.2.1.2 Fill and Isolate Gravel Pits 
Historical sand and gravel mining activities immediately adjacent to the river have resulted 
in large remnant gravel pits within the floodplain. During high flows, the river has 
“captured” or flowed into some of these pits, and many of the gravel pits are now connected 
to the river. These captured pits hinder the natural downstream transport of sediment from 
upstream areas and adversely affect the quantity of appropriately sized spawning gravels. 
In addition, water temperatures in captured pits are generally higher than in the mainstem, 
and thus, the pits provide warm-water habitat for non-native predators that prey on 
juvenile salmon. Many of the captured pits should be isolated from the mainstem or filled to 
improve sediment transport and reduce habitat for non-native predators. 

The potential impacts, evaluations, approvals and permits, and additional considerations 
for filling and isolating gravel pits are the same as those identified in Section 2.2.1 for 
reconstructing channel/side channels and adding gravel for spawning habitat.  

2.2.1.3 Reconstruct Barriers to Migration 
Barriers to migration in Reach 1 consist of the Vulcan culverts located at River Mile 258.5 
and the Stuart/Nuss Road culverts located at River Mile 229.0. The Vulcan culverts consist 
of 10 round culverts that span the width of the San Joaquin River. The Stuart/Ness Road 
culverts consist of two round culverts that also span the width of the San Joaquin River. 
Both culverts present barriers to migration at different flows and would need to be removed 
or reconstructed. Potential impacts, evaluations, and approvals and permits would differ, 
depending on whether or not the road crossings are only removed or removed and 
reconstructed. 

Potential Impacts. If the road crossings are removed, the potential impacts to hydrology and 
flooding would likely be minimal and would generally improve (lessen) flow constructions 
within the channel.  
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If the road crossings are reconstructed, new road crossings or possibly bridges have the 
potential to cause changes in localized river hydraulics. These changes include additional 
structures in the channel that have the potential to: (1) redirect flows resulting in additional 
erosion or sedimentation and (2) increase the potential for flooding due to increased 
roughness (including the potential to serve as a debris trap).  

Evaluation Needed. If the road crossings are removed, localized topographic and channel 
surveys would be needed to determine locations and amount of sediment removal. Pre-
construction biological surveys should be conducted and mitigation measures should be 
developed to minimize impacts to water quality, air quality, and biological resources. 

If the road crossings are reconstructed, detailed engineering designs would be needed. The 
analysis and design effort should include pre- and post-channel surveys, flow and sediment 
transport monitoring and studies, and computer modeling to estimate and monitor changes 
in localized river hydraulics and sediment transport. If sensitive biological resources may be 
located in the project area, pre-construction surveys should be conducted and take of 
sensitive species should be avoided or mitigated. Mitigation measures should be developed 
to minimize impacts to water quality, air quality, cultural resources, and biological 
resources. 

Approvals and Permits Needed. The following approvals and permits would likely be needed. 

• Cooperative agreement with owners (for private roads) or counties (for public roads) 

• Access agreements from adjacent landowners 

• Environmental compliance (likely NEPA, CEQA, ESA, CESA, CAA, CDFG Code Section 
1600 Agreement, and CWA including a dredging permit from the USACE)  

• State Lands Lease 

Additional Considerations. As described previously, impacts and associated evaluations and 
mitigations would be reduced if the road crossings are not reconstructed. However, this 
could impact local gravel mining operations that frequently use these crossings. 

2.2.1.4 Pump Diversion at Gravelly Ford 
The Gravelly Ford Gaging Station is located at the downstream end of Reach 1. Reclamation 
generally targets a flow of approximately 5 cfs past Gravelly Ford to maintain upstream 
water levels for riparian diversions. Channel scour and channel incision in the area near the 
gaging station have reduced the accuracy of the gaging station and the ability to reliably 
pump water from the river for irrigation purposes  

Potential Impacts. Channel scour upstream of the Gravelly Ford Gaging Station has affected 
the ability of some water right holders to divert water in this reach of the river. A small sand 
barrier is periodically constructed upstream of the Gravelly Ford Gaging Station to back 
water up for diversion at local pumping facilities. Increasing the frequency and magnitude 
of flows in this area under the Settlement would cause additional scour, channel incision, 
and further exacerbate pumping problems.  
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Evaluation Needed. Engineering analysis and design for changes to the river channel and 
gaging station will be needed. Channel improvements, including the construction of a small 
diversion weir with fish passage capability, may be necessary for continued operations of 
these diversion facilities. This effort should include pre- and post-channel surveys, flow and 
sediment transport monitoring and studies, and computer modeling to estimate and 
monitor changes in localized sediment transport and river hydraulics. If sensitive biological 
resources may be located in the project area, pre-construction surveys should be conducted 
and sensitive areas should be avoided or mitigated.  

Approvals and Permits Needed. The following approvals and permits would likely be needed:  

• Coordination with the U.S. Geological Survey 

• Access agreements from adjacent landowners 

• Environmental compliance (likely NEPA, CEQA, ESA, CESA, CWA, CAA, and CDFG 
Code Section 1600 Agreement)  

• State Lands Lease 

• Future O&M agreements 

Additional Considerations. None identified at this time. 

2.2.2 Reach 2A 
Reach 2A is approximately 13 miles long. It begins at Gravelly Ford and extends 
downstream to the Chowchilla Bifurcation Structure. The river in this reach is entirely 
sand-bedded and maintained for flood control purposes by the LSJLD. No low-flow channel 
exists throughout much of the reach and lower flows tend to spread out over large areas, 
resulting in shallow water depths and high water temperatures. These water depths and 
high water temperatures are likely to be lethal to upmigrating adult salmon and 
outmigrating juvenile salmon. Typically, there are no flows in Reach 2A except under flood 
flow conditions. Adjacent land uses are primarily agricultural. Current published channel 
design capacity for Reach 2A is approximately 8,000 cfs. 

Reach 2A would provide habitat for upmigrating adult salmon and outmigrating juvenile 
salmon. However, both levee and fish passage improvements are needed to pass the 
Restoration Flows, promote riparian vegetation, allow for fish passage through the reach, 
and prevent fish stranding in the bypass system. The proposed restoration actions in 
Reach 2A are as follows:  

• Improve levees and enlarge channels 
• Restore riparian habitat  
• Redesign or modify Chowchilla Bifurcation Structure for fish passage 
• Screen diversions 

A summary of some of these actions including levee and channel improvements, riparian 
habitat creation, and screening diversions is provided in Section 2.1. Levee and channel 
improvements specific to Reach 2A and the modification of the Chowchilla Bifurcation 
Structure for fish passage and to prevent entrainment are described as follows. 
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2.2.2.1 Levee and Channel Improvements 
Most of Reach 2A is bounded by project levees and piping and seepage have been observed 
at flows well below the maximum capacity. Historically, levee failures have occurred during 
high-flow events. These problems will be exacerbated by the growth of new riparian 
vegetation and the increased frequency of peak flows that would occur under the 
Settlement, causing increased water surface elevations, additional seepage, and potential 
levee failures. The structural stability of the existing levees must be improved to safely pass 
Restoration Flows. In addition, slurry walls may be needed to reduce seepage and 
seepage-induced crop damage, and to improve levee structural stability. Setback levees and 
a new floodplain may also be needed in Reach 2A to provide additional capacity necessary 
to restore riparian vegetation in this reach.  

A low-flow channel may be needed to provide depths necessary for fish passage and reduce 
water temperatures. It has been suggested that restoration of riparian vegetation alone will 
result in a defined low-flow channel. However, this action is unproven on the sand-bedded 
San Joaquin River and should be tested extensively under a variety of flow conditions 
(including high-flow conditions) before being seriously considered as a method to establish 
a low-flow channel. 

A summary of the potential impacts, evaluations, approvals and permits, and additional 
considerations associated with river-wide levee and channel improvements is provided in 
Section 2.1.1.  

2.2.2.2 Redesign or Modify Chowchilla Bifurcation Structure for Fish Passage and Prevent 
Entrainment 

In addition to the levee improvements identified previously, modifications would need to 
be made to the Chowchilla Bifurcation Structure to allow for fish passage into Reach 2B. An 
evaluation is needed to determine whether or not the Chowchilla Bifurcation Structure 
should be screened to prevent outmigrating juvenile salmon from entering the bypass 
system or if individual flap gates and turnouts within the bypass system could be screened. 
In the event that the Chowchilla Bifurcation Structure is screened at the head of the bypass 
system, then the potential backwater effects that could cause trash and debris build-up 
during high-flow events would need to be evaluated. In the event that the Chowchilla 
Bifurcation Structure is not screened at the head of the bypass system and juvenile salmon 
are allowed to enter the bypass system, then the individual flap gates and turnouts within 
the bypass system would need to be screened to prevent fish entrainment.  

Potential Impacts. Modifications to the Chowchilla Bifurcation Structure would cause 
changes in localized river hydraulics and flood flow characteristics. Additionally, 
modifications may cause excessive sand deposition in the area, necessitating additional sand 
removal (dredging) activities. Screening of the individual flap gates and turnouts within the 
bypass system has the potential to substantially increase O&M costs. 

Evaluation Needed. Detailed engineering design of the modified Chowchilla Bifurcation 
Structure would be needed. The analysis and design should include pre- and 
post-topographic and channel surveys, long-term flow and sediment transport monitoring 
and studies, and computer modeling to estimate and monitor changes in localized river 
hydraulics and sediment transport. Impacts on adjacent levees, such as increased backwater 
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effect during high-flow events, should be considered during design. A sediment 
management plan should be prepared and long-term sediment monitoring should be 
conducted (see Section 2.1.1).  

If sensitive biological resources may be located in the project area, pre-construction 
surveys should be conducted and take of sensitive species should be avoided or 
mitigated. Mitigation measures should be developed to minimize impacts to water quality 
and air quality.  

Fish passage facilities should be designed in coordination with NMFS and CDFG and 
applicable engineering design criteria at the time of construction. Analyses should be 
conducted to reduce the potential for changes in river hydraulics, determine fish behavior 
response to hydraulic conditions, identify and address potential sediment and debris 
problems, and identify the potential for creating predation opportunities. These analyses 
should also include technical analyses to determine appropriate hydraulics and passage 
design, and should consider ways to minimize maintenance activities. An analysis of 
environmental impacts from construction and operation of the passage facilities would be 
needed.  

Approvals and Permits Needed. The following approvals and permits would likely be needed:  

• Environmental compliance (likely NEPA, CEQA, ESA, CESA, CWA, CAA, and CDFG 
Code Section 1600 Agreement)  

• Reclamation Board and LSJLD Encroachment Permit  

Additional Considerations. New fish screen and passage facilities should be under federal or 
state ownership with O&M conducted by a local maintaining agency. An O&M agreement 
and funding to cover O&M costs would be needed. Additionally, long-term assurance and 
ESA and CESA compliance, including assurances and compliance for take of salmon after 
the ESA Section 10(j) experimental population status is no longer in effect, are needed for 
O&M activities. This long-term ESA and CESA compliance for O&M activities should be 
completed concurrent with ESA and CESA compliance for construction activities.  

As described in Section 2.1.3, an updated flood control plan, which includes changes to the 
operation of the Chowchilla Bifurcation Structure, may be needed. Any modifications to the 
Chowchilla Bifurcation Structure must maintain or improve the upstream and downstream 
design flow capacities.  

2.2.3 Reach 2B 
Reach 2B is approximately 11 miles long. It begins at the Chowchilla Bifurcation Structure 
and ends at Mendota Dam. No river flows exist in Reach 2B Upper, above the Mendota Pool 
backwater formed by Mendota Dam, except under flood flow conditions. However, some 
riparian vegetation occurs in Reach 2B, likely due to localized high groundwater conditions 
as a result of the Mendota Pool. Similar to Reach 2A, Reach 2B is entirely sand-bedded and 
there is no low-flow channel throughout much of the reach. Lower flows tend to spread out 
over large areas, resulting in shallow water depths and high water temperatures. Adjacent 
land uses are primarily agricultural and most of Reach 2B is bounded by non-project levees.  
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Reach 2B would provide habitat for upmigrating adult salmon and outmigrating juvenile 
salmon. However, both levee and fish passage improvements are needed to pass the 
Restoration Flows and allow for fish passage through the reach. The proposed restoration 
actions for Reach 2B are as follows:  

• Construct levee and channel improvements  
• Restore riparian habitat 
• Reconstruct San Mateo Road crossing 
• Screen diversions 

A summary of some of the river-wide issues associated with these actions is provided in 
Section 2.1. Issues associated with levee and channel improvements specific to Reach 2B are 
described as follows. 

2.2.3.1 Levee and Channel Improvements 
Reach 2B does not have sufficient capacity to convey the Restoration Flows, and the 
structural stability of the existing private levees would need to be improved. Improvements 
could include setting back and rebuilding existing levees and potentially installing slurry 
walls to reduce seepage and improve the structural stability. Similar to Reach 2A, Reach 2B 
is entirely sand-bedded and there is no low-flow channel throughout much of the reach. 
Shallow water depths and high water temperatures are likely to be lethal to upmigrating 
adult salmon and outmigrating juvenile salmon. A low-flow channel would be needed to 
provide depths necessary for fish passage and reduce water temperatures.  

Mendota Dam, at the downstream end of Reach 2B, raises the water surface level in the 
Mendota Pool and backs water up the San Joaquin River and Fresno Slough. When there are 
flood flows at the Chowchilla Bifurcation Structure, only 1,300 cfs are routed through 
Reach 2B and flows in excess of this amount are routed into the Chowchilla Bypass. Flows 
higher than 1,300 cfs result in significant seepage and levee stability problems. This 
condition only occurs if there are no Kings River flows entering the San Joaquin River 
through Fresno Slough. As identified in Section 2.1.2, Reach 2B provides critical water 
supply conveyance for delivery of water under existing water rights. The ability to convey 
flows for delivery under existing water rights must be maintained. A total capacity of up to 
7,000 cfs is needed in this reach to convey up to 4,500 cfs of Restoration Flow and up to 
2,500 cfs of water right flows. 

2.2.3.2 Reconstruct San Mateo Road Crossing 
The San Mateo Road Crossing is located upstream of Mendota Pool at River Mile 211.8. The 
road crossing consists of a round, corrugated metal pipe with an unpaved, low-water 
crossing, and provides access across the river for existing agricultural operations. The road 
crossing is believed to be a barrier to migration and must be reconstructed. 

Potential impacts, evaluations needed, approvals and permits needed, and additional 
considerations are the same as those described for removal or reconstruction of road 
crossings in Reach 1 (see Section 2.2.1).  
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2.2.4 Mendota Pool Bypass 
The Settlement proposes the construction of a bypass to route upmigrating adults and 
outmigrating juvenile salmon around the Mendota Pool. Construction of the Mendota Pool 
Bypass would eliminate a number of concerns with routing fish though Mendota Pool, 
including the need to provide fish passage at Mendota Dam, screening of the numerous 
diversions in the pool, and reducing the potential for warm-water predation in the pool. Any 
San Joaquin River flow that is in excess of the specified restoration flow through the bypass 
must be allowed flow into Mendota Pool to meet water rights demands. Figure 2-1 provides a 
schematic plan view of the proposed bypass channel, related facilities, and design flow rates. 
The proposed restoration actions for the new Mendota Pool Bypass are as follows.  

• Construct bypass channel 
• Construct upstream bifurcation structure 
• Install fish screens and passage facilities  

Riparian habitat restoration will also be needed in the new bypass channel to reduce water 
temperatures and provide cover for upmigrating and outmigrating salmon. This action is 
described in Section 2.1.5.  

In addition to the actions identified previously, the Columbia Canal Company’s water 
intake and related facilities must be reconfigured as a result of the construction of the 
Mendota Pool Bypass; this action is described as follows. 

2.2.4.1 Construct Bypass Channel 
The Mendota Pool Bypass will require the construction of a new channel with setback levees 
and a low-flow channel. As proposed in the expert report of Dr. Michael D. Harvey (2005), 
the new channel would be approximately 9,800 feet long, with a low-flow channel that 
would convey 200 cfs, a main channel that would convey up to 4,000 cfs, and an overbank 
area to convey an additional 500 cfs. The overall channel capacity would be designed to 
convey up to the Restoration Flow of 4,500 cfs. A series of drop structures may be needed in 
the downstream extent of the bypass channel to maintain design slopes.  

Potential Impacts. The Mendota Pool Bypass would cause substantial changes to the 
geomorphology of the river. These changes could alter sediment transport and river 
hydraulics, potentially changing erosion and sedimentation characteristics, changing flow 
routing and ‘stress’ points on adjacent levees and other infrastructure, and changing overall 
flooding characteristics. The bypass could also cause increased seepage in the area, 
exacerbating already high groundwater levels around the Mendota Pool. Long-term impacts 
to agricultural lands are expected as a result of high groundwater levels that are likely to 
affect production on adjacent agricultural lands. Substantial flood easements, mitigation, or 
acquisition of these lands will be necessary.  

Evaluation Needed. Evaluations needed are the same as those identified in Section 2.1.1 for 
levee and channel improvements.  

Approvals and Permits Needed. Approvals and permits needed are the same as those 
identified in Section 2.1.1 for levee and channel improvements.  
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Additional Considerations. Conveyance of flows in the San Joaquin River above 2,500 cfs 
downstream of the Chowchilla Bifurcation Structure will require changes to the flood 
bypass operating criteria.  

Similar to levee and channel improvements identified in Section 2.1.1, it is assumed that 
Mendota Pool Bypass facilities would be owned by the state and/or Reclamation and O&M 
activities would be conducted by a local maintaining agency that has yet to be determined. 
An O&M agreement and funding for O&M activities would be needed. Additionally, long-
term assurances and ESA and CESA compliance for O&M activities, including assurances 
and compliance for take of salmon after the ESA Section 10(j) experimental population 
status is no longer in effect, would be necessary.  

2.2.4.2 Construct New Bifurcation Structure 
The new bifurcation structure will be located just downstream of the head of the proposed 
Mendota Pool Bypass Channel and control the amount of flow entering Mendota Pool, 
diverting remaining flows into the bypass channel. The structure must have variable gate 
position controls and be sized to allow a maximum flow of 2,500 cfs to reach the pool. The 
structure and gates must be designed to provide control for multiple flow split scenarios 
between the pool and the bypass channel. 
 

Under irrigation season operations, the backwater behind Mendota Dam extends up Fresno 
Slough (flows south) and conveys Delta-Mendota Canal water 12 miles upstream to 
irrigators located along the slough including Tranquility, James Irrigation District, 
Westlands Water District, and the Mendota State Wildlife Area. This backwater behind 
Mendota Dam will extend up the San Joaquin River to the new bifurcation structure. 
Therefore, the design must account for back pressure on the downstream side of the 
structure caused by this backwater, thus preventing flows from the Mendota Pool from 
entering the Mendota Pool Bypass Channel. 

Potential Impacts. Construction of the new bifurcation structure may cause changes in 
localized river hydraulics and flood flow characteristics causing excessive sand deposition 
in the area, necessitating additional sand removal (dredging) activities.  

Evaluation Needed. Detailed engineering design of the proposed bifurcation structure will be 
needed. The analysis and design should include pre- and post-topographic and channel 
surveys, long-term flow and sediment transport monitoring and studies, and computer 
modeling to estimate and monitor changes in localized river hydraulics and sediment 
transport. Impacts on adjacent levees, such as increased backwater effect during high-flow 
events, should be considered during design. A sediment management plan should be 
prepared and long-term sediment monitoring should be conducted (see Section 2.1.1).  

If sensitive biological resources may be located in the project area, pre-construction 
surveys should be conducted and take of sensitive species should be avoided or 
mitigated. Mitigation measures should be developed to minimize impacts to water quality 
and air quality.  

Analyses should be conducted to reduce the potential for changes in river hydraulics, 
determine fish behavior response to hydraulic conditions, identify and address potential 
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sediment and debris problems, and identify the potential for creating predation 
opportunities. These analyses should also include technical analyses to determine 
appropriate hydraulics and passage design, and should consider ways to minimize 
maintenance activities. An analysis of environmental impacts from construction and 
operation of the passage facilities would be needed.  

Approvals and Permits Needed. The following approvals and permits would likely be needed:  

• Environmental compliance (likely NEPA, CEQA, ESA, CESA, CWA, CAA, and CDFG 
Code Section 1600 Agreement)  

• Reclamation Board and LSJLD Encroachment Permit  

Additional Considerations. The new bifurcation facility should be under federal or state 
ownership with O&M conducted by the existing local responsible agencies. An O&M 
agreement and funding to cover O&M costs would be needed. Additionally, long-term 
assurance and ESA and CESA compliance, including assurances and compliance for take of 
salmon after the ESA Section 10(j) experimental population status is no longer in effect, are 
needed for O&M activities. This long-term ESA and CESA compliance for O&M activities 
should be completed concurrent with ESA and CESA compliance for construction activities.  

As described in Section 2.1.3, an updated flood control plan, which includes operation of the 
new bifurcation structure, will be needed. The new structure must maintain or improve 
upstream and downstream design flow capacities and not cause any increase in flood flow 
water surface elevations.  

2.2.4.3 Fish Screens and Passage Facilities 
Fish screens and passage facilities would be needed for the new Mendota Pool Bypass. 
These facilities are expected to consist of a fish screen at the new bifurcation structure at the 
upstream end of the bypass channel and a barrier to migration for upmigrating adult 
salmon between the downstream end of the bypass channel and Mendota Dam. The bypass 
drop structures will also require fish passage facilities.  

Potential Impacts. Potential impacts are generally the same as those identified previously for 
constructing the Mendota Pool Bypass Channel.  

Evaluation Needed. The evaluations needed for screen design and installation are described 
in Section 2.1.4. 

Approvals and Permits Needed. Approvals and permits needed are the same as those 
identified in Section 2.1.4. 

Additional Considerations. Any new fish screen and bypass facilities should be under federal 
or state ownership with O&M conducted by a local maintaining agency that has yet to be 
determined. An O&M agreement and funding to cover increased O&M costs would be 
needed. Additionally, long-term assurance and ESA and CESA compliance, including 
assurances and compliance for take of salmon after the ESA Section 10(j) experimental 
population status is no longer in effect, are needed for O&M activities. This long-term ESA 
and CESA compliance for O&M activities should be completed concurrent with ESA and 
CESA compliance for construction activities. 
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2.2.4.4 Reconfigure the Columbia Canal Company’s Water Intake and Related Facilities 
The Columbia Canal Company diversion headworks is located on the mainstem of the San 
Joaquin River upstream of Mendota Dam, but downstream of the proposed Mendota Pool 
Bypass Bifurcation Structure.  

Potential Impacts. The Mendota Pool Bypass Channel will need to cross the Columbia Canal. 
If the Columbia Canal headworks are to remain in place, the construction of a siphon and 
related facilities on the canal would be required. The Columbia Canal Company would need 
to be compensated for any additional O&M activities that result from new facilities and any 
additional pumping. If the canal headworks are to be moved, new diversion facilities would 
be needed. Depending on the location of the new diversion facilities, the majority of the 
Canal Company’s delivery system may need to be reconstructed to allow for continued 
gravity-flow water delivery. 

Evaluation Needed. To ensure the continued water supply operations of the Mendota Pool, 
an alternatives analysis should be conducted to determine engineering designs and 
locations of structures for the Mendota Pool Bypass and related facilities. The alternatives 
analysis should incorporate local knowledge and be coordinated closely with local agencies, 
including the Central California Irrigation District owner and operator of Mendota Dam and 
the Columbia Canal Company owner and operator of the Columbia Canal. Overall, these 
analyses should be conducted in a similar manner as the engineering analysis and design 
for levee and channel improvements described in Section 2.1.1. As part of this analysis and 
design effort, pre- and post-channel surveys, flow and sediment transport monitoring and 
studies, and computer modeling should be conducted to estimate and monitor changes in 
localized river hydraulics and sediment transport. The analyses should be based on the 
most recently available information, include field studies and data collection as needed, and 
be conducted to professional standards using established engineering practices. All 
engineering design should be conducted to Reclamation, DWR, and/or USACE design 
standards and guidelines, as appropriate. 

Approvals and Permits Needed. Depending on the action taken, a variety of approvals and 
permits may be needed including the following. 

• Land acquisition and/or easements 

• Access agreements from adjacent landowners 

• Environmental compliance (likely NEPA, CEQA, ESA, CESA, CWA, CAA, and CDFG 
Code Section 1600 Agreement)  

• Reclamation Board and LSJLD Encroachment Permit(s) 

• State Lands Lease and Land Transfer 

Additional Considerations. None identified at this time. 

2.2.5 Reach 3 
Reach 3 is approximately 23 miles long and conveys up to 800 cfs of water from the 
Mendota Pool to Sack Dam for irrigation diversion into the Arroyo Canal. The river in this 
reach is flanked by large woody riparian vegetation. Adjacent land uses consist of urban 
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lands in the City of Firebaugh and agricultural lands throughout the remainder of the reach. 
The current published channel design flood flow capacity for Reach 3 is 4,500 cfs. 

Reach 3 would provide passage for upmigrating adult salmon and outmigrating juvenile 
salmon. However, both levee and fish passage improvements are needed to pass the 
Restoration Flows, allow for fish passage past Sack Dam, and prevent fish stranding and 
entrainment in the Arroyo Canal. The proposed restoration actions for Reach 3 are as follows. 

• Levee and channel improvements 
• Replace or modify Sack Dam for fish passage 
• Screen Arroyo Canal 
• Screen other diversions 
• Restore riparian habitat  

A summary of the common river-wide issues associated with these proposed actions is 
provided in Section 2.1. The following describes the levee and channel improvements 
specific to Reach 3, modification of Sack Dam for fish passage, and the screening of the 
Arroyo Canal.  

2.2.5.1 Levee and Channel Improvements 
Most of Reach 3 is bounded by non-project levees and irrigation canals. The existing channel 
capacity is approximately 4,500 cfs, but flows of less than this magnitude can cause seepage 
and levee stability problems. Irrigation canals closest to the river are typically filled with 
water during high-flow events to improve canal wall stability and prevent collapse. Seepage 
and stability problems in Reach 3 are of concern because levee failure would likely cause 
flooding of both agricultural lands and urban areas in the City of Firebaugh. The effects of 
conveying the Restoration Flows through Reach 3 are uncertain at this time, however, 
seepage problems have been identified with past high flows. Levee stability studies should 
be conducted to determine whether improvements are needed.  

Reach 3 provides critical water supply conveyance for delivery of water under existing 
water rights. The ability to convey flows for delivery under existing water rights must be 
maintained. A total flow capacity of up to 5,300 cfs is needed in this reach to convey a 
combination of up to 4,500 cfs of Restoration Flow and up to 800 cfs of water right flows. 
Hydraulic analyses must be conducted to determine the combination of levee setbacks, 
levee reconstruction, or slurry walls needed to provide an increase in flow capacity while 
still maintaining existing water surface elevations under future conditions with a mature 
growth of riparian vegetation and necessary seepage protection. 

A summary of the potential impacts, evaluations, approvals and permits, and additional 
considerations associated with levee and channel improvements is provided in Section 2.1.1. 

2.2.5.2 Replace or Modify Sack Dam for Fish Passage 
A portion of the flows from the Delta-Mendota Canal are allowed to continue down the San 
Joaquin River to Sack Dam for diversion at the Arroyo Canal. Sack Dam is owned and 
operated by the San Luis Canal Company and backs up water for diversion into the Arroyo 
Canal. Sack Dam spans only a portion of the San Joaquin River, and increasing the 
frequency and magnitude of flows in the San Joaquin River at Sack Dam may affect the 
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structural stability of the dam. Additionally, Sack Dam would need to be modified to allow 
for fish passage around the structure. 

Potential Impacts. Replacement or modification to Sack Dam has the potential to cause 
localized changes to sediment transport and river hydraulics due to modifications to the 
river channel. 

Evaluation Needed. Engineering analyses of changes to the river channel would be needed. 
The analysis and design effort should include pre- and post-channel surveys, flow and 
sediment transport monitoring and studies, and computer modeling to estimate and 
monitor changes in localized sediment transport and river hydraulics. If sensitive biological 
resources may be located in the project area, pre-construction surveys should be conducted 
and sensitive areas should be avoided or mitigated.  

Fish passage facilities should be designed in coordination with NMFS and CDFG and 
applicable engineering design criteria at the time of construction. Analyses should be 
conducted to reduce the potential for changes in river hydraulics, determine fish behavior 
response to hydraulic conditions, identify and address potential sediment and debris 
problems, and identify the potential for creating predation opportunities. These analyses 
should also consider ways to minimize maintenance activities. An analysis of environmental 
impacts from construction and operation of the passage facilities would be needed. 

Approvals and Permits Needed. The following approvals and permits would likely be needed:  

• Approval from San Luis Canal Company and access agreements from adjacent 
landowners 

• Environmental compliance (likely NEPA, CEQA, ESA, CESA, CDFG Code Section 1600 
Agreement, CWA, and CAA)  

• Reclamation Board and LSJLD Encroachment Permit  

• State Lands Lease  

Additional Considerations. A newly constructed diversion facility would be under federal or 
state ownership with O&M conducted by the San Luis Canal Company. An O&M 
agreement and funding to cover increased O&M costs would be needed. Additionally, long-
term assurance and ESA and CESA compliance, including assurances and compliance for 
take of salmon after the ESA Section 10(j) experimental population status is no longer in 
effect, are needed for O&M activities. This long-term ESA and CESA compliance for O&M 
activities should be completed concurrent with ESA and CESA compliance for construction 
activities.  

Construction scheduling of channel and dam improvements will be critical, as Reach 3 is 
used year-round for conveyance of various flows including irrigation, refuge, and flood 
flows. Alternative means to convey and divert water at the San Luis Canal Company 
headworks will be needed during periods of restoration construction. 

2.2.5.3 Screen Arroyo Canal 
Flows diverted into the Arroyo Canal are used for irrigation and wildlife refuge areas. A 
screen would be needed on the Arroyo Canal to prevent entrainment of upmigrating adult 
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salmon and outmigrating juvenile and direct mortality or stranding of spring and fall run 
salmon in the canal and related irrigation facilities.  

Potential Impacts. Screening the Arroyo Canal may cause localized changes in sediment 
transport and river hydraulics and may also change diversion hydraulics. Screening the 
Arroyo Canal may increase required maintenance activities and increase overall O&M costs.  

Evaluation Needed. The evaluations needed for screen design and installation are described 
in Section 2.1.4.  

Approvals and Permits Needed. Approvals and permits needed are the same as those 
identified in Section 2.1.4. In addition, cooperation and coordination with the San Luis 
Canal Company would be needed.  

Additional Considerations. Any new fish screen should be under federal or state ownership 
with O&M conducted by the San Luis Canal Company. An O&M agreement and funding to 
cover increased O&M costs would be needed. Additionally, long-term assurance and ESA 
and CESA compliance, including assurances and compliance for take of salmon after the 
ESA Section 10(j) experimental population status is no longer in effect, are needed for O&M 
activities. This long-term ESA and CESA compliance for O&M activities should be 
completed concurrent with ESA and CESA compliance for construction activities.  

2.2.6 Reach 4A 
Reach 4A is approximately 13.5 miles long. It begins at Sack Dam and ends at the Sand 
Slough Control Structure. Flows in this reach are usually negligible except for flood flows. 
Adjacent land uses are primarily agricultural. 

Similar to Reach 3, Reach 4A would provide passage for upmigrating adult salmon and 
outmigrating juvenile salmon. Levee and fish passage improvements are also needed on 
Reach 4A to pass the Restoration Flows, allow for fish passage through the reach, and 
prevent fish stranding and entrainment. The proposed restoration actions for Reach 4A are 
as follows:  

• Construct levee and channel improvements 
• Screen diversions 
• Screen and modify Sand Slough Control Structure for fish passage 

A summary of the issues associated with levee and channel improvements and screening 
diversions is provided in Section 2.1. Issues associated with levee and channel 
improvements and the Sand Slough Control Structure specific to Reach 4A are described as 
follows.  

2.2.6.1 Levee and Channel Improvements 
Most of Reach 4A is bounded by non-project levees and canals. The existing design channel 
capacity is 4,500 cfs, but flows of this magnitude cause significant seepage and levee 
stability problems. To safely convey the Restoration Flows and prevent seepage damage to 
adjacent crops, the structural stability of the existing levees would need to be improved. 
These improvements could include rebuilding the existing levees and/or installing slurry 
walls to prevent seepage and improve structural stability.  
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A summary of the potential impacts, evaluations, approvals and permits, and additional 
considerations associated with levee and channel improvements is provided in Section 2.1.1.  

2.2.6.2 Screen and Modify Sand Slough Control Structure  
The Sand Slough Control Structure is located at the downstream end of Reach 4A. The 
structure was constructed as part of the Lower San Joaquin River Flood Control Project, and 
currently diverts all flows from the San Joaquin River into the Eastside Bypass. 
Improvements to the structure for fish passage would depend on the routing of Restoration 
Flows (i.e., through the mainstem San Joaquin or the bypass system). Use of the mainstem 
San Joaquin River in Reach 4B for Restoration Flows would require the construction of fish 
passage facilities on the portion of the Sand Slough Control Structure on the mainstem 
San Joaquin River and a fish screen on the headworks for the Eastside Bypass. Conversely, 
bypassing Reach 4B of the mainstem San Joaquin River and using the bypass system for 
Restoration Flows would require the construction of fish passage facilities on the headworks 
for the Eastside Bypass and a fish screen on the portion of the structure on the mainstem San 
Joaquin River.  

Potential Impacts. Similar to screening and fish passage activities in other reaches, 
modifications to the Sand Slough Control Structure could cause localized changes in 
sediment transport and river hydrology, changes in diversion hydraulics, and increase 
maintenance activities.  

Evaluation Needed. The evaluations needed for screen and fish passage design and 
installation are described in Section 2.1.4 and Section 2.2.2, respectively.  

Approvals and Permits Needed. The following approvals and permits would likely be 
needed:  

• Environmental compliance (likely NEPA, CEQA, ESA, CESA, CDFG Code Section 1600 
Agreement, CWA, and CAA)  

• Reclamation Board and LSJLD Encroachment Permit (will necessitate access agreements 
from adjacent landowners) 

Additional Considerations. New fish screen and passage facilities should be under federal or 
state ownership with O&M conducted by a local maintaining agency that has yet to be 
determined. An O&M agreement and funding to cover increased O&M costs would be 
needed. Additionally, long-term assurance and ESA and CESA compliance, including 
assurances and compliance for take of salmon after the ESA Section 10(j) experimental 
population status is no longer in effect, are needed for O&M activities. This long-term ESA 
and CESA compliance for O&M activities should be completed concurrent with ESA and 
CESA compliance for construction activities. 

2.2.7 Reach 4B (Upper) 
Reach 4B Upper is approximately 21.3 miles long and extends from the Sand Slough Control 
Structure to the Mariposa Bifurcation Structure. Because of the very limited channel 
capacity in Reach 4B Upper, all flood flows in Reach 3 are currently diverted into the bypass 
system at the Sand Slough Control Structure. The channel in Reach 4B is filled with dense 
vegetation, clogged with sediment, and poorly defined. However, portions of the Reach 4B 
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channel are used for local water supply operations, including surface water storage and 
conveyance. Adjacent land uses are primarily agricultural and rely on a complex irrigation 
and drainage network to provide water supply, control shallow groundwater levels, and 
provide drainage.  

The Settlement calls for modifications to Reach 4B to convey Interim Flows of 475 cfs and 
ultimately Restoration Flows of at least 4,500 cfs. Interim Flows must not exceed existing 
channel capacity and, as defined in the Settlement, are restoration releases of water from 
Friant Dam commencing no later than October 1, 2009, and continuing until full Restoration 
Flows begin. Interim Flow releases, per Paragraph 15 of the Settlement, have a specified 
timing and magnitude as defined in the appropriate year type hydrograph listed in 
Exhibit B of the Settlement. 

The federal legislation states that a study shall be completed prior to restoration of any 
flows other than Interim Flows. The requirements of the legislation supersede the 
Settlement paragraph 11 Phase 1 implementation improvements, including the modification 
of Reach 4B to convey Interim Flows of 475 cfs. 

The federal Legislation, as currently proposed, directs the Secretary to conduct a study that 
evaluates the following items: 

• The costs of undertaking any work required under paragraph 11(a)(3) of the Settlement 
to increase the capacity of Reach 4B prior to the reinitiation of Restoration Flows; 

• Impacts associated with the reinitiation of such flows; and 

• Measures that shall be implemented to mitigate any impacts. 

This study will require extensive surveying, field work, and hydraulic analyses to establish 
the existing channel capacity, potential impacts of the reinitiation of flows, monitoring 
requirements, and potential mitigation measures. This field work and analyses must be 
conducted prior to the release of any Interim Flows into Reach 4B Upper. 

The legislation also requires that the Secretary file a report with Congress not later than 
90 days after issuing a determination, as required in the Settlement, on whether to expand 
channel conveyance capacity to 4,500 cfs in Reach 4B; or use an alternate route for pulse 
flows. This determination is to be made, to the extent feasible, before undertaking any 
substantial construction work to increase the capacity of Reach 4B.  

The report shall identify the basis for the Secretary’s determination and identify how 
different factors were assessed such as comparative biological and habitat benefits, 
comparative costs and relative available state cost-sharing funds, and the comparative 
benefits and impacts on water temperature, water supply, private property, and local and 
downstream flood control. The report shall also include the Secretary’s final cost estimate 
for expanding the capacity of Reach 4B to 4,500 cfs or any alternative route selected, as well 
as other alternative cost estimates provided by the state, the Restoration Administrator, and 
by other parties to the Settlement. 

The two flow routes being considered are the mainstem San Joaquin River and the use of the 
bypass system. Either flow routing scenario would need to provide passage for upmigrating 
adult salmon and outmigrating juvenile salmon. Additionally, modifications would need to 
be made to the Mariposa Bifurcation Structure.  
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2.2.7.1 Screen and Modify Mariposa Bifurcation Structure  
The Mariposa Bifurcation Structure is located at the downstream end of Reach 4B Upper. The 
structure was constructed as part of the Lower San Joaquin River Flood Control Project, and 
diverts flows from the bypass system back into the San Joaquin River. Improvements to the 
structure for fish passage would depend on the routing of Restoration Flows (i.e., through the 
mainstem San Joaquin or the bypass system). Use of the mainstem San Joaquin River for 
Restoration Flows would require the construction of fish passage facilities on the Mariposa 
Bifurcation Structure and a fish screen on the headworks for the Eastside Bypass to prevent 
stranding of upmigrating adult in the bypass system. Conversely, using the bypass system for 
Restoration Flows would require the construction of fish passage facilities on the bypass 
headworks and a fish screen on the headworks for the mainstem San Joaquin River.  

The potential impacts, evaluations, approvals and permits, and additional considerations 
for screening and modifying the Mariposa Bifurcation Structure for fish passage are the 
same as those identified in Section 2.2.6 for screening and modifying the Sand Slough 
Control Structure.  

2.2.7.2 Flows Routed Through Mainstem 
In the event that flows are routed through the mainstem, the following improvements are 
proposed:  

• Construct levees and associated river channel and floodplain  
• Restore riparian habitat  
• Reconstruct road crossings 
• Screen diversions 
• Reconstruct adjacent irrigation and drainage network 
• Implement monitoring and mitigation program 

A summary of the issues associated with levees and river channel construction, riparian 
habitat restoration, and screening diversions is provided in Section 2.1.1. A description of 
the actions specific to Reach 4B are described as follows.  

Construct Levees and Associated River Channel and Floodplain. Reach 4B Upper is bounded 
in some areas by non-project levees. The existing channel capacity is likely less than 200 cfs, 
with the capacity in some areas near zero. Substantial levee and channel improvements are 
needed to convey the Interim and Restoration Flows through this reach. These 
improvements would probably include the construction of setback levees on both banks, 
installation of slurry walls to reduce seepage and improve levee stability, and installation of 
tile drain systems. The entire existing channel would need to be excavated to construct a 
new continuous river channel, adjacent floodplain, and low-flow channel. This extensive 
construction would result in the destruction of existing riparian habitat and potential 
endangered species issues along the Reach 4B corridor. 

A summary of the potential impacts, evaluations, approvals and permits, and additional 
considerations associated with levee and channel improvements is provided in Section 2.1.1. 
In addition to the considerations identified in Section 2.1.1, the following must be addressed:  

• The long-term establishment of a low-flow channel may be challenging in Reach 4B 
because of high groundwater levels and possible infill during flood events 
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• Use of Reach 4B for water supply operations must be maintained or mitigated 

• A substantial amount of land acquisition will be required along the mainstem corridor 
of the river.  

A variety of infrastructure exists within the area of the Reach 4B mainstem river channel, 
including homes, farm buildings, groundwater wells, tile drains, and other agricultural-
related infrastructure. These structures would need to be moved, reconstructed, redesigned, 
or protected, as appropriate, and the owners would need to be compensated accordingly. 
Landowners along Reach 4B have carefully reviewed the restoration plan actions within this 
reach and the RMC supports a process to ensure that landowner-proposed mitigation 
measures are fully considered in the implementation process, such that landowner issues 
are satisfactorily addressed or mitigated.  

Additionally, portions of the existing Reach 4B channel are used for local water supply 
operations, including surface water storage and conveyance. These operations would be 
impacted by the new channel under the Settlement. Coordination with the landowners is 
needed to determine appropriate mitigation measures.  

Reconstruct Road Crossings. Four road crossings that would be barriers to migration are 
located on the San Joaquin River in Reach 4B Upper. The road crossings consist of three 
private roads and the Turner Island Road crossing. The crossings provide access across the 
river for existing agricultural operations and would need to be reconstructed as part of the 
channel improvements. 

The potential impacts, evaluations, approvals and permits, and additional considerations 
associated with reconstructing these road crossings are the same as those identified in 
Section 2.2.1 for reconstructing road crossings in Reach 1.  

Reconstruct Adjacent Irrigation and Drainage Network. Reach 4B Upper includes an extensive 
water distribution and drainage network that supports agricultural operations in the area. 
Dredging and construction of a new river channel to convey Restoration Flows will 
significantly affect these operations and require major reconfiguration of the distribution 
and drainage network. This reconstruction will require extensive surveying and mapping, 
field work, monitoring, and hydraulic analyses to ensure that the irrigation and drainage 
network is reconstructed to maintain its original function and allows continued agriculture 
operation in the area. 

Implement Monitoring and Mitigation Program. A monitoring and mitigating program must be 
designed to identify and eliminate potential impacts to agricultural lands for both Interim and 
full Restoration Flow conditions. A shallow groundwater investigation and monitoring will be 
required prior to the release of Restoration Flows to establish “baseline” conditions for 
assessment of potential impacts. A near-term monitoring and mitigation plan must be 
developed in coordination with local landowners to address potential mitigation issues and 
identify appropriate mitigation responses to impacts caused by Interim Flows. Adequate 
funding and resources for long-term groundwater monitoring of adjacent agricultural lands 
must be included in the Secretary’s report on expanding the capacity of Reach 4B to 4,500 cfs. 
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2.2.7.3 Flows Routed Through Bypass System 
In the event that Restoration Flows are routed through the bypass system the following 
restoration actions are proposed.  

• Construct levee and channel improvements 
• Restore riparian habitat  
• Screen diversions 
• Modify drop structures for fish passage 
• Provide drainage for adjacent agricultural lands 

A summary of the issues associated with levee and channel improvements, riparian habitat 
restoration, and screening diversions is provided in Section 2.1. A description of the actions 
specific to the bypass system follows. 

Construct Levee and Channel Improvements. The bypass system is bounded by project levees 
and has a published channel design capacity of approximately 13,500 cfs, but flood flows of 
this magnitude cause significant seepage and levee stability problems. To maintain the 
existing design flow capacity of the bypass under restoration conditions, the bypass must be 
enlarged to account for growth of riparian vegetation in the channel. O&M costs will 
increase as vegetation becomes established in the channel and requires more intensive and 
costly maintenance.  

To safely convey the Restoration Flows and prevent seepage damage to adjacent crops, the 
structural stability of the existing levees must be improved in some areas. These 
improvements could include rebuilding portions of the existing levees and installing slurry 
walls to reduce seepage and improve levee structural stability. 

In addition, as described in Section 2.1.3, the bypass system was constructed to convey flood 
flows. Routing Restoration Flows through the bypass system does not comply with the 
purpose of the bypass system and does not comply with the conditions of the flood 
easements for the bypass system (i.e., Interim and Restoration Flows are not flood flows). 
Expanded easements or land acquisition would be needed to route non-flood flows down 
the bypass system. As described in the discussion of additional considerations in 
Section 2.1.1, the LSJLD is responsible for both the levees and the channel bottom in the 
bypass system. Regular Restoration Flows in the bypass would increase the LSJLD’s overall 
O&M efforts and should be considered in the design of future facilities. In addition, flows in 
the bypass system may create localized high groundwater effects and prevent adjacent 
agricultural lands from draining properly. While slurry walls may reduce seepage impacts 
to adjacent agricultural lands, they may trap water in the bypass, delaying efforts to drain 
adjacent agricultural lands into the bypass through flap gates throughout the system. 

Modify Drop Structures for Fish Passage. Three drop structures exist in the Eastside Bypass 
system; one is located at the confluence of the Eastside Bypass and the San Joaquin River 
near Salt Slough and the other two are located upstream of Road 9. All three structures are 
barriers to fish migration, and would need to be modified for fish passage. Two additional 
structures used for water supply operations at the Merced Wildlife Refuge are also located 
in this area of the bypass system (personal communication, R. Hill, 2007). Whether or not 
these structures are barriers to migration is unknown and additional analysis is needed.  
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The potential impacts, evaluations, approvals and permits, and additional considerations 
associated with the modifications to drop structures in the bypass system are the same as 
those identified in Section 2.2.6. Additional analysis is needed to determine if the two 
structures used for water deliveries to the Merced Wildlife Refuge are barriers to migration.  

Drainage of Adjacent Agricultural Lands. Approximately 20 flap gates are located in this area 
of the bypass system (personal communication, R. Hill, 2007). These flap gates are used to 
drain adjacent agricultural lands. The gates are checked by November 1 and after each 
flood-flow event. The gates are closed during flood-flow events to prevent flows in the 
bypass from flooding adjacent lands. Extended flows in the bypass system would make 
these flap gates inoperable for an extended time during the year, preventing drainage from 
adjacent agricultural lands. Pumps or other means of draining these lands may be needed.  

The potential impacts, evaluations, approvals and permits, and additional considerations for 
installation of pumps or other means to drain adjacent agricultural lands would be minimal. If 
pumps are used, they should be electrical, and depending on pump locations, new power 
lines may be needed. Cooperation of the adjacent landowner would also be needed.  

2.2.8 Reach 4B (Lower) 
The lower portion of Reach 4B is 11.4 miles long and extends from the Mariposa Bifurcation 
structure to the confluence with the Bear Creek/Eastside Bypass. Reach 4B Lower receives 
periodic flood flows from the Eastside Bypass, but has limited riparian vegetation. Adjacent 
land use is primarily agricultural.  

Reach 4B Lower would provide passage for upmigrating adult salmon and outmigrating 
juvenile salmon. Levee improvements may be needed to mitigate seepage problems. 
Additionally, riparian restoration actions will be needed to reduce water temperatures and 
provide cover for upmigrating and outmigrating salmon. This action is described in 
Section 2.1. No other actions are currently proposed for this reach. 

Construct Levee and Channel Improvements. Reach 4B Lower is bounded by project levees 
and has a published channel design capacity of 10,000 cfs. However, levee seepage in 
combination with high groundwater and poor groundwater quality results in crop damage 
during high flows. These problems will be exacerbated by the increased magnitude and 
frequency of flows that would occur under the Settlement, increasing both the amount of 
seepage, resulting crop damage, and the potential for levee failure. The structural stability of 
the existing levees must be improved in some areas to safely pass the Restoration Flows. 

A summary of the potential impacts, evaluations, approvals and permits, and additional 
considerations associated with levee and channel improvements is provided in Section 2.1.1.  

2.2.9 Reach 5 
Reach 5 is 17.8 miles long and extends from the confluence with Bear Creek/Eastside Bypass 
to the confluence with the Merced River. The river flows year-round in this reach because of 
agricultural return flows. Adjacent land uses consist of agricultural and refuge lands.  

Reach 5 is bounded by project levees, and the published channel design capacity is 
approximately 26,000 cfs, which is sufficient to convey the Restoration Flows with no 
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channel or levee improvements. However, fish screens will be needed on currently 
unscreened diversions and migration barriers will be needed on Mud and Salt sloughs. 

2.2.9.1 Screen Mud and Salt Sloughs 
Mud and Salt sloughs convey agricultural return flows to the mainstem San Joaquin River. 
These flows may attract adult and juvenile salmon into false migration pathways. 
Modifications to deploy seasonal barriers to prevent adult fish from entering Salt and Mud 
sloughs are identified as a Phase 1 improvement in the Settlement (to be completed no later 
than December 31, 2013). To reduce O&M costs and maintenance requirements, permanent 
barriers to migration should be considered rather than seasonal barriers. 

Potential impacts, evaluations needed, approvals and permits needed, and additional 
considerations are the same as those described for screening diversions in Section 2.1.4. 

2.3 Landowner and Facility Owner Interaction 
Requirements under this section are currently under negotiation between the RMC, 
Reclamation, DWR, and will be finalized and submitted under separate cover. 



 

SECTION 3 

Conclusions and Recommendations 

While the RMC is not a party to the Settlement, it does support the legislation that was 
negotiated to address impacts to third parties and would like to work collaboratively with 
Reclamation, DWR, and others in the planning process to allow for the successful 
implementation of the Settlement. The RMC brings local knowledge and understanding to 
the process, which can contribute substantially to this process. Collectively, the RMC 
represents the interests of local agencies and landowners along the San Joaquin River in the 
planned restoration area from Friant Dam to the confluence with the Merced River. Thus, 
the RMC members have the potential to bear substantial economic and environmental costs 
that could result from direct and indirect impacts if Settlement actions are not thoroughly 
evaluated and carefully implemented.  

3.1 Conclusions 
The following summarizes the major conclusions and recommendations of this appraisal 
report. 

• A comprehensive planning process must be undertaken to prevent and mitigate direct 
and indirect impacts of the Settlement to third parties. To ensure that actions in one 
reach of the river do not create unintended impacts in other areas, this comprehensive 
planning process should consider all the restoration actions as part of a complete 
implementation effort and avoid taking half measures. Likewise, comprehensive 
funding for the restoration program is required to ensure that all required restoration 
and mitigation actions are funded and implemented. The RMC members have a 
significant stake in the Settlement implementation and need a significant role in the 
Settlement planning and implementation process.  

• The Settlement proposes to increase the frequency and magnitude of flows in the San 
Joaquin River below Friant Dam. This increase in flows will exacerbate existing levee 
stability and seepage problems and may exceed channel flow capacities in some reaches. 
Levee and channel improvements are needed in Reaches 2A, 2B, 3, 4A, 4B Upper (either 
the mainstem or the bypass), and 4B Lower to safely convey the Restoration Flows. 
Improvements to reduce or eliminate impacts to levee stability and adjacent lands from 
increased seepage must be coordinated throughout all reaches, with other 
improvements such as riparian habitat restoration, water supply, and flood control 
operations. Detailed engineering analysis and design must be conducted for all 
proposed levee and channel improvements. 

• Reaches 2B and 3 of the San Joaquin River provide critical water supply conveyance for 
the delivery of water under existing water rights. Implementation of the Settlement has 
the potential to impact these water supply operations through insufficient channel 
capacities and operations of new structures, including the proposed Mendota Pool 
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Bypass. Settlement actions must be carefully planned and designed to maintain 
flexibility in water supply operations throughout the river system.  

• Flood control operations on the San Joaquin River include conveyance of flood flows 
from the Kings River and operation of the Lower San Joaquin River Flood Control 
Project. Settlement actions, including levee and channel improvements, the Mendota 
Pool Bypass, and revised operating criteria for the Chowchilla Bifurcation Structure 
have the potential to conflict with the routing of flood flows. Proposed restoration 
actions should not reduce the channel design capacity or the system’s overall ability to 
convey flood flows. Existing channel design capacities and flood operations must be the 
first priority and maintained or enhanced to protect public safety.  

• Fish passage and screening facilities are needed in all river reaches. This includes 
facilities to allow fish passage around or over existing or proposed structures, screens on 
diversions to prevent entrainment, reconstruction of road crossings, and permanent 
barriers on sloughs. These facilities should be designed in accordance with NMFS Fish 
Screening Criteria for Anadromous Salmonids (NMFS, 1997), criteria established by the 
CDFG, other applicable criteria at the time of construction, and in accordance with 
established professional engineering practices. Fish passage and screening facilities will 
require additional O&M to maintain, increasing O&M costs for the owner or operator. 
O&M agreements and funding to cover increased O&M costs would be needed. 

• Creation of riparian habitat restoration is needed in all reaches of the San Joaquin River. 
However, this action may be in direct conflict with the LSJLD’s channel and flood 
control obligations. An overall “landscape” design should be used in the engineering 
and hydraulic analysis conducted for levee and channel improvements, and agreement 
with local agencies and landowners on critical assumptions for the analyses should be 
sought early in the process. This landscape design should include sufficient detail to be 
used as a guide for long-term management of riparian vegetation by a local maintaining 
agency, and be the basis for the redesign of flood control channel cross sections to 
account for the establishment of future mature vegetation in the channel.  

• Existing channel capacity in Reach 4B is extremely limited. Flows of any amount down 
this reach are likely to cause localized flooding and seepage impacts to adjacent 
agricultural lands. An extensive evaluation of the existing channel capacity, including 
topographic surveys, channel cross sections, and HEC-RAS computer modeling should 
be conducted to determine channel capacity and potential impacts before any flows are 
introduced to this reach. This information will also be critical to the planning and design 
of the new channel if Reach 4B is selected. Additionally, a thorough mitigation and 
monitoring plan should be developed to identify, evaluate, and mitigate all direct and 
indirect impacts.  

• The additional O&M associated with channel, levee, and related flood control facilities 
improvements under the restoration program are likely to far exceed the operating 
budget of the LSJLD. These additional costs should be assumed by the Settlement parties 
or state or federal sources rather than local sources. A process should be developed to 
determine a local maintaining agency, identify additional maintenance costs, and 
establish a secure funding source.  
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• Long-term assurances and ESA and CESA compliance for O&M activities at new or 
expanded facilities are needed. This ESA and CESA compliance must include the 
potential for take of salmon after the ESA Section 10(j) experimental population status is 
no longer in effect and should be completed concurrent with ESA and CESA compliance 
for construction activities.  

• A comprehensive land acquisition plan must be developed that specifically identifies, on 
a parcel-by-parcel basis, all the acreage that will need to be purchased from willing 
sellers or for which easements will be required for facilities construction, channel 
improvements and levee setbacks, and full restoration project implementation. The plan 
must clearly describe all valuation procedures and conform with Uniform Appraisal 
Standards for Federal Land Acquisitions and the Uniform Standards of Professional 
Appraisal Practice. 

3.2 Recommendations 
3.2.1 RMC Involvement 
The RMC is unique in that it represents the interest of landowners, agencies and other 
stakeholders throughout the entire project area, all of which have the potential to bear 
substantial economic and environmental costs that could result from direct and indirect 
impacts from the implementation of the Settlement. Local landowner involvement brings 
local knowledge and historical understanding to the restoration planning process. This can 
contribute substantially to the successful implementation of the Settlement and enable 
legislation by identifying opportunities and constraints early in the process, and providing 
initial “on-the-ground” or “field expertise” with little time spent in the field. Additionally, 
local support and involvement will facilitate local acceptance of the project and will help to 
facilitate obtaining access agreements, and other similar documents.  

3.2.1.1 Alternatives Development/Program Alternatives Report 
The RMC should be involved in all aspects of development of the Program Alternatives. As 
described in the Program Management Plan (Reclamation, 2007), the Program Alternatives 
Report shall “identify the study area, describe existing conditions, compile existing data, 
identify data gaps, develop a problem statement, develop a purpose and needs statement, 
identify problems, needs, and opportunities, define planning objectives and constraints, and 
define evaluation criteria and performance measures.” The RMC’s local knowledge can 
contribute substantially to these efforts. Early stakeholder input, including input on analysis 
assumptions, engineering criteria, and facility operations, will be critical for the successful 
implementation of the Settlement by Reclamation and the Five Agency Team.  

3.2.1.2 Technical Work Groups 
The RMC should play a technical role in the planning, review, and implementation of the 
Settlement by Reclamation and the Five Agency Team, and should be a contributing 
member of the four Technical Work Groups. This will facilitate input of local knowledge 
early in the process for a more efficient process and contribute to the successful 
implementation of the Settlement. Input by the RMC at the Technical Work Group level will 
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also facilitate input by landowners and other third parties through the stakeholder 
subgroup process identified in the Program Management Plan (Reclamation, 2007). 

3.2.1.3 Facilitation of Public Input 
The RMC is willing to work with Reclamation to help facilitate the Technical Sub-group 
Participant process and input from other local landowners and the general public.  

3.2.2 Priorities for Technical Analyses 
The following actions and priorities are recommended for near-term technical analyses.  

3.2.2.1 Priority Evaluations 
Restoration actions in Reach 4B, Reach 2B, and the Mendota Pool Bypass constitute a 
substantial portion of infrastructure improvements necessary to safely convey Interim and 
Restoration Flows. These improvements will take many years to plan, design, permit, and 
construct. Thus, Reclamation should prioritize these actions and initiate the engineering 
analysis and design for these reaches as soon as possible. As described in Section 2.1.1, the 
engineering analysis and design should consist of two major components: (1) determine the 
existing levee and channel constraints by reach, and (2) conduct an analysis of possible 
alternatives for levee and channel improvements. Alternatives should consider various 
methods to improve problem levees and channel areas including structural improvements, 
such as rebuilding levees and installing slurry walls, and different construction methods. 
The alternatives analysis should also incorporate historical knowledge and local 
understanding and be coordinated closely with local agencies and landowner 
representatives. Additionally, agreement on the appropriate assumptions for the analyses 
with local agencies and landowners should be obtained early in the process. These analyses 
should be based on the best available information, include field studies and data collection 
as needed, and be conducted to professional standards using established engineering 
practices. All engineering design should be conducted to Reclamation, DWR, and/or 
USACE design standards and guidelines, as appropriate. 

These focused efforts can be conducted concurrently with the Programmatic NEPA process 
currently underway by Reclamation.  

3.2.2.2 Required Data Collection and Analysis  
To support the priority analyses identified previously, the following data collection and 
analyses are needed.  

1. Detailed Topographic and Channel Surveys. Existing topographic and channel survey 
information should be reviewed to determine if it meets the needs of the Settlement 
efforts. Additional data should be collected as needed. These data should be shared with 
all interested parties and should serve as a single common basis for topographic and 
channel information for all future Settlement actions.  

2. Groundwater Monitoring. Install groundwater monitoring wells in areas of the San 
Joaquin River and bypass system with known seepage problems and areas of known 
high groundwater to establish “baseline” pre-project conditions. Groundwater 
monitoring wells should include data loggers to continuously record water levels and 
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should be appropriately placed to determine shallow regional groundwater flows and 
potential effects on groundwater from increased flow in the river.  

3. Levee and Channel Improvements-Work Plan and Data Collection. Begin overall data 
collection and analysis efforts necessary to determine the extent and type of required 
levee and channel improvements. A Work Plan should be developed for this effort to 
outline: (1) data needs, (2) a process for reviewing existing data for adequacy, and (3) a 
process for filling data gaps, including conducting field and laboratory testing. Efforts 
on the Work Plan should begin as soon as possible, as the scale of the overall data 
collection and analysis effort is likely to be substantial.  

4. Levee and Channel Improvements—Technical Approach Development. A process 
should be developed to identify and agree upon the overall technical approach for the 
analysis of levee and channel improvements, including the key engineering 
assumptions. This process should: (1) seek to identify the analysis tools (such as 
modeling tools) that would be used, data needs for these tools, and agreement on key 
engineering assumptions necessary to complete the analysis; and (2) include local input.  

3.2.3 Implementation Phasing of Restoration Actions  
• The comprehensive planning and design process must consider all the restoration 

actions as part of a complete implementation effort and ensure that the construction 
phasing of actions in one reach of the river does not create unintended impacts in other 
downstream areas. 

• Construction activities should start upstream in Reach 1 and progress downstream on a 
reach-by-reach basis. Upstream restoration improvements to reconstruct the channel in 
Reaches 1 and 2A to safely convey restoration flows should be completed before 
initiating construction in the lower reaches that involve substantially increasing the 
capacity of the existing river channel. This approach will ensure that salmon are not 
introduced into the system from downstream prematurely before necessary restoration 
actions are achieved. 

• Comprehensive funding for construction and future operation for any reach must be in 
place prior to initiating any project construction activities within that reach. 

• All restoration improvements, O&M agreements, and mitigation measures must be 
constructed and fully functional before salmonids are re-introduced to the Upper San 
Joaquin River to ensure successful implementation of the settlement and to prevent 
unintended impacts to third parties. 
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APPENDIX B: DIVERSIONS BY RIVER MILE 

TABLE B-1 
Summary of Diversions along the San Joaquin River From Friant Dam to the Merced River  

River Mile Primary Use Bank Location Diversion Type 
Intake Size 

(inches) 
Maximum 

Diversion (cfs) 

266.76 Agricultural Right Pump 6 1 

266.57 Agricultural Left Pump 8 2 

265.73 Recreation Left Pump 12 4 

265.2 Recreation Left Pump 7 1 

265.19 Agricultural Right Pump 15 6 

265.13 Agricultural Right Pump 12 4 

265.13 Agricultural Right Pump 12 4 

265.13 Agricultural Right Pump 12 4 

264.75 Recreation Left Pump 7 1 

263.45 Agricultural Right Pump 12 4 

263.45 Agricultural Right Pump 12 4 

262.9 Agricultural Left Pump 12 4 

262.72 Agricultural Right Pump 6 1 

262.46 Agricultural Left Pump 6 1 

262.46 Agricultural Left Pump 10 3 

262.31 Agricultural Left Pump 10 3 

262.16 Agricultural Right Pump 36 35 

262.15 Agricultural Right Pump 8 2 

261.65 Unknown Left Pump Unknown 1 

261.65 Unknown Left Pump 8 2 

261.65 Unknown Left Pump Unknown 1 

261.55 Not in use Left Pump 8 2 

261.3 Hatchery Left Weir Unknown 5 

261.25 Agricultural Left Pump 3 1 

261.21 Agricultural Right Pump 12 4 

261.05 Agricultural Right Pump 24 16 

261 Industrial Left Pump 8 2 

261 Industrial Left Pump 8 2 

260.25 Agricultural Right Pump 7 1 

260.25 Agricultural Right Pump 7 1 

260 Agricultural Right Weir Unknown 5 

259.95 Agricultural Left Pump 3 1 

WB072007008SAC/359592/072420003 (SANJOAQUINSETTLEMENT_9-19-07V3.DOC) B-1 



APPENDIX B: DIVERSIONS BY RIVER MILE 

TABLE B-1 
Summary of Diversions along the San Joaquin River From Friant Dam to the Merced River  

River Mile Primary Use Bank Location Diversion Type 
Intake Size 

(inches) 
Maximum 

Diversion (cfs) 

259.84 Unknown Right Pump 10 3 

259.77 Agricultural Left Pump 9 2 

259.67 Agricultural Left Pump 10 3 

259.48 Agricultural Left Pump 6 1 

259.48 Agricultural Left Pump 10 3 

259.48 Recreation Right Pump 6 1 

259.47 Agricultural Left Pump 10 3 

259.47 Not in use Left Pump 6 1 

259.2 Recreation Right Pump 4 1 

259 Agricultural Left Pump 7 1 

259 Recreation Right Pump 4 1 

258.7 Agricultural Left Pump 12 4 

266.76 Agricultural Right Pump 6 1 

266.57 Agricultural Left Pump 8 2 

265.73 Recreation Left Pump 12 4 

265.2 Recreation Left Pump 7 1 

265.19 Agricultural Right Pump 15 6 

265.13 Agricultural Right Pump 12 4 

265.13 Agricultural Right Pump 12 4 

265.13 Agricultural Right Pump 12 4 

264.75 Recreation Left Pump 7 1 

263.45 Agricultural Right Pump 12 4 

263.45 Agricultural Right Pump 12 4 

262.9 Agricultural Left Pump 12 4 

262.72 Agricultural Right Pump 6 1 

262.46 Agricultural Left Pump 6 1 

262.46 Agricultural Left Pump 10 3 

262.31 Agricultural Left Pump 10 3 

262.16 Agricultural Right Pump 36 35 

262.15 Agricultural Right Pump 8 2 

261.65 Unknown Left Pump Unknown 1 

261.65 Unknown Left Pump 8 2 

B-2 WB072007008SAC/359592/072420003 (SANJOAQUINSETTLEMENT_9-19-07V3.DOC) 



SECTION 3: CONCLUSIONS AND RECOMMENDATIONS 

TABLE B-1 
Summary of Diversions along the San Joaquin River From Friant Dam to the Merced River  

River Mile Primary Use Bank Location Diversion Type 
Intake Size 

(inches) 
Maximum 

Diversion (cfs) 

261.65 Unknown Left Pump Unknown 1 

261.55 Not in use Left Pump 8 2 

261.3 Hatchery Left Weir Unknown 5 

261.25 Agricultural Left Pump 3 1 

261.21 Agricultural Right Pump 12 4 

261.05 Agricultural Right Pump 24 16 

261 Industrial Left Pump 8 2 

261 Industrial Left Pump 8 2 

260.25 Agricultural Right Pump 7 1 

260.25 Agricultural Right Pump 7 1 

260 Agricultural Right Weir Unknown 5 

259.95 Agricultural Left Pump 3 1 

259.84 Unknown Right Pump 10 3 

259.77 Agricultural Left Pump 9 2 

259.67 Agricultural Left Pump 10 3 

259.48 Agricultural Left Pump 6 1 

259.48 Agricultural Left Pump 10 3 

259.48 Recreation Right Pump 6 1 

259.47 Agricultural Left Pump 10 3 

259.47 Not in use Left Pump 6 1 

259.2 Recreation Right Pump 4 1 

259 Agricultural Left Pump 7 1 

259 Recreation Right Pump 4 1 

258.7 Agricultural Left Pump 1 24 

257.49 Agricultural Right Pump 30 25 

256.77 Agricultural Right Pump 7 1 

256.32 Agricultural Right Pump 10 3 

256.31 Domestic Left Pump 3 1 

255.84 Agricultural Left Pump Unknown 0 

254.9 Agricultural Right Pump 7 1 

254.9 Agricultural Right Pump 7 1 

253.95 Agricultural Left Pump 13 5 

WB072007008SAC/359592/072420003 (SANJOAQUINSETTLEMENT_9-19-07V3.DOC) B-3 



APPENDIX B: DIVERSIONS BY RIVER MILE 

TABLE B-1 
Summary of Diversions along the San Joaquin River From Friant Dam to the Merced River  

River Mile Primary Use Bank Location Diversion Type 
Intake Size 

(inches) 
Maximum 

Diversion (cfs) 

253.4 Agricultural Left Pump 16 7 

252.28 Industrial Right Pump 8 2 

251.6 Industrial Right Pump 7 1 

251.57 Agricultural Right Pump 15 6 

251.37 Agricultural Right Pump 8 2 

251.16 Agricultural Right Pump 7 1 

249.66 Agricultural Right Pump 7 1 

248 Agricultural Right Pump 36 35 

247.2 Agricultural Unknown Weir Unknown 5 

246.88 Agricultural Right Pump 48 63 

245.41 Agricultural Right Pump 36 35 

241.62 Not in use Left Pump 6 1 

240.56 Agricultural Left Pump 12 4 

230.89 Unknown Left Pipe 5 1 

230.13 Agricultural Right Pump 5 1 

230.06 Agricultural Right Pump 10 3 

230.06 Agricultural Right Pipe 10 3 

229.85 Not in use Right Pump 10 3 

229.56 Agricultural Right Pump 4 1 

229.35 Agricultural Left Pump 8 2 

229.35 Agricultural Left Pump 8 2 

228.89 Agricultural Right Pump 12 4 

228.78 Agricultural Right Pump 24 16 

228.78 Agricultural Right Pump 24 16 

227.72 Agricultural Right Pump 10 3 

222.75 Agricultural Right Pump 12 4 

215.5 Agricultural Right Pump Unknown 1 

210.89 Agricultural Left Pipe 19 10 

210.7 Agricultural Left Pipe 11 3 

210.43 Agricultural Left Pipe 10 3 

209.61 Agricultural Left Pipe 20 11 

209.61 Agricultural Left Pipe 16 7 
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SECTION 3: CONCLUSIONS AND RECOMMENDATIONS 

WB072007008SAC/359592/072420003 (SANJOAQUINSETTLEMENT_9-19-07V3.DOC) B-5 

TABLE B-1 
Summary of Diversions along the San Joaquin River From Friant Dam to the Merced River  

River Mile Primary Use Bank Location Diversion Type 
Intake Size 

(inches) 
Maximum 

Diversion (cfs) 

209.61 Agricultural Left Pipe 16 7 

209.61 Agricultural Left Pipe 11 3 

209.61 Agricultural Left Pipe 11 3 

208.83 Agricultural Right Pump 24 16 

207.73 Agricultural Right Pump 12 4 

207.06 Agricultural Right Pump Unknown 1 

206.5 Agricultural Left Pump 12 4 

206.5 Agricultural Left Pump 12 4 

206 Agricultural Right Pump 10 3 

202.07 Agricultural Left Pump 3 1 

202 Domestic Right Pump 3 1 

195.38 Municipal Right Pump 8 2 

180.6 Agricultural Right Pump 5 1 

170.75 Agricultural Right Pump 10 3 

159.9 Agricultural Right Pump 10 3 

159.6 Agricultural Right Pump 12 4 

156.92 Domestic Right Pump 6 1 

156.87 Agricultural Right Flashboard 
Riser 18 9 

156.67 Unknown Right Flashboard 
Riser 18 9 

156* Agricultural Right Weir 24 16 

155.3 Agricultural Left Pump 10 3 

154.7 Agricultural Left Pump 9 2 

154.7 Agricultural Left Pump 9 2 

147.2 Recreation Right Pump 16 7 

144 Wildlife Refuge 
Enhance Right Pump 36 35 

130.3 Agricultural Right Pump 18 9 

125 Agricultural Right Pump 16 7 

Source: CDFG (California Department of Fish and Game). 2001. San Joaquin River Fish Screens and Fish Passage 
Project. 

Note: Does not include diversions in the Mendota Pool or in the bypass system. Additional diversions may have been 
constructed since this inventory was conducted in 2001. 

* Location, intake size, and maximum diversion are approximate. 
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APPENDIX C: SUMMARY OF PROPOSED RESTORATION ACTIONS AND REQUIRED EVALUATIONS 

TABLE C-1 
Summary of Proposed Restoration Actions and Needed Evaluations 
Reach or 

Area 
Restoration Action 

Proposed Potential Impacts  Evaluation Needed Approvals and Permits Needed Additional Considerations 

Reconstruct 
channel/side 
channels and add 
gravel for spawning 
habitat  

Hydrology and flooding 
(changes in the shape of the 
river channel, possible 
erosion and sedimentation 
impacts); water quality; air 
quality; biology; cultural 

Channel surveys; HEC 
computer modeling; biological 
and cultural surveys; 
engineering design 

Land easements or acquisition; 
access agreements; NEPA; CEQA; 
ESA; CESA; CWA; CAA; CCAA; 
State Lands Lease; Fish and Game 
Code Section 1600 Agreement 

None identified at this time 

Fill and isolate gravel 
pits 

Same as above Same as above  Same as above Same as above 

Screen diversions Possible changes in pump 
hydraulics and increase in 
maintenance activities 

Possible computer modeling 
and hydraulics modeling 
depending on pump size; 
engineering design 

Cooperation and access from 
owner; NEPA; CEQA; ESA; CESA; 
CWA 

Environmental compliance may 
be minimal for smaller 
diversions 

Remove or 
reconstruct barriers 
to migration (road 
crossings) 

Hydrology and flooding 
(changes in the shape of the 
river channel due to removal 
or addition of structures in 
the channel); water quality; 
air quality; biology; cultural 

Channel surveys; HEC 
computer modeling; biological 
and cultural surveys 

Cooperation and access from 
owner; NEPA; CEQA; ESA; CESA; 
CWA; CAA; State Lands Lease 

Assumes that some or all road 
crossings would be 
reconstructed; impacts and 
analysis would be less if no or 
less reconstruction  

Diversion pump 
facility near Gravelly 
Ford 

Hydrology and sediment 
transport (changes in the 
shape of the river channel 
caused by scour and 
incision); water quality; air 
quality; biology 

Channel surveys; possible 
HEC computer modeling; 
biological surveys; 
engineering design 

Access agreements; NEPA; CEQA; 
ESA; CESA; CWA; CAA; State 
Lands Lease 

Need to stabilize channel, 
provide fish passage, and 
screening 

1 

Riparian habitat   Potential to conflict with flood 
management actions; other 
environmental impacts likely 
minor  

Landscape design; 
engineering analysis to ensure 
sufficient channel capacity 
would exist with mature 
habitat 

NEPA; CEQA; ESA; CESA; CWA; 
CAA; Reclamation Board and 
LSJLD Encroachment Permit 

Environmental impacts likely to 
be minor and streamlined 
analysis and permitting 
possible; need clearly defined 
set of goals for vegetation area 
and structure to manage 
conflicts with flood 
operations/capacities 
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APPENDIX C: SUMMARY OF PROPOSED RESTORATION ACTIONS AND REQUIRED EVALUATIONS 

TABLE C-1 
Summary of Proposed Restoration Actions and Needed Evaluations 
Reach or 

Area 
Restoration Action 

Proposed Potential Impacts  Evaluation Needed Approvals and Permits Needed Additional Considerations 

Construct levee and 
channel 
improvements 

Hydrology and flooding 
(changes in river channel 
and flood characteristics); 
water quality; air quality; 
biology; cultural; 
groundwater; impacts to 
adjacent agricultural lands 
and resources as a result of 
increased seepage 

Engineering design to 
determine need for levee 
improvements, slurry walls, 
setback levees, new 
floodplain, and low-flow 
channel including: 
geotechnical studies to 
determine depth and area of 
slurry walls; topographic and 
channel surveys; HEC 
computer modeling; 
groundwater surveys and 
monitoring; and an overall 
mitigation and monitoring 
program  

Land easements or acquisition; 
access agreements; NEPA; CEQA; 
ESA; CESA; CWA; CAA; 
Reclamation Board and LSJLD 
Encroachment Permit; State Lands 
Lease and Land Transfer 

All infrastructure is assumed to 
be owned by state with O&M by 
a local maintaining agency; 
O&M agreement and funding 
needed; long-term 
establishment of a low-flow 
channel may not be possible 
due to soft channel substrate 
and possible damage during 
flood events; need to maintain 
original design flood water 
surface elevation 

Riparian habitat   Potential to conflict with flood 
management actions; other 
environmental impacts likely 
minor  

Landscape design; 
engineering analysis to ensure 
sufficient channel capacity 
would exist with mature 
habitat 

NEPA; CEQA; ESA; CESA; CWA; 
CAA; Reclamation Board and 
LSJLD Encroachment Permit 

Environmental impacts likely to 
be minor and streamlined 
analysis and permitting 
possible; need clearly defined 
set of goals for vegetation area 
and structure to manage 
conflicts with flood 
operations/capacities 

Redesign or modify 
Chowchilla 
Bifurcation Structure 
for fish passage and 
prevent entrainment 

Hydrology and flooding 
(changes in river channel 
and flood characteristics); 
hydrologic study; water 
quality; air quality; biology 

Topographic and channel 
surveys; computer modeling; 
biological surveys; 
engineering design 

NEPA, CEQA; ESA; CESA; CWA; 
CAA; Reclamation Board and 
LSJLD Encroachment Permit 

Redesign will increase O&M 
costs, agreement and funding 
needed; long-term O&M ESA 
and CESA compliance needed 

2A 

Screen diversions Same as described for 
Reach 1 

Same as described for Reach 
1 

Same as described for Reach 1 None identified at this time 
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APPENDIX C: SUMMARY OF PROPOSED RESTORATION ACTIONS AND REQUIRED EVALUATIONS 

TABLE C-1 
Summary of Proposed Restoration Actions and Needed Evaluations 
Reach or 

Area 
Restoration Action 

Proposed Potential Impacts  Evaluation Needed Approvals and Permits Needed Additional Considerations 

Construct levee and 
channel 
improvements 

Same as for levee and 
channel improvements 
described for Reach 2A 

Same as for levee and 
channel improvements 
described for Reach 2A 

Same as for levee and channel 
improvements described for 
Reach 2A 

Same as for levee and channel 
improvements described for 
Reach 2A; additional capacity 
to convey water right flows 
needed beyond restoration flow 
capacity; total capacity of 7,000 
cfs needed (4,500 cfs 
Restoration Flow and about 
2,500 cfs for water right flows) 

Riparian habitat  Same as described for 
Reach 2A 

Same as described for Reach 
2A 

Same as described for Reach 2A Same as described for Reach 
2A 

Reconstruct San 
Mateo Road crossing 

Hydrology and flooding 
(changes in the shape of the 
river channel); water quality; 
air quality; biology; cultural 

Topographic and channel 
surveys; HEC computer 
modeling; biological and 
cultural surveys; engineering 
design 

Cooperation and access from 
owners/county; NEPA, CEQA; ESA; 
CESA; CWA; CAA; Reclamation 
Board and LSJLD Encroachment 
Permit; State Lands Lease 

Assumes that some or all 
facilities would be 
reconstructed; impacts and 
analysis would be less if 
reconstruction not necessary  

2B 

Screen diversions Same as described for 
Reach 1 

Same as described for Reach 
1 

Same as described for Reach 1 None identified at this time 

Construct bypass 
channel  

Hydrology and flooding 
(changes in river channel 
and flood characteristics); 
water quality; air quality; 
biology; cultural; 
groundwater; 
agricultural resources 
(seepage and construction-
related) 

Topographic and channel 
surveys; HEC computer 
modeling; biological and 
cultural surveys; groundwater 
surveys and monitoring; 
engineering design 

Land acquisition; access 
agreements; NEPA, CEQA; ESA; 
CESA; CWA; CAA; Reclamation 
Board and LSJLD Encroachment 
Permit; State Lands Lease and 
Land Transfer 

Assumed to be federal or state 
ownership and O&M by a local 
maintaining agency; O&M 
agreement and funding needed; 
long-term O&M ESA and CESA 
compliance needed; changes to 
current bypass system 
operating rules necessary; land 
acquisition or easements for 
lands between bypass and San 
Joaquin River needed 

Mendota 
Pool 
Bypass 

 

 

 

 

 

 

 

 

 

 

Construct new 
upstream, bifurcation 
structure 

Hydrology and flooding 
(changes in river channel 
and flood characteristics); 
Mendota Pool water 
operations; water;  quality; 
air quality; biology. 

Topographic and channel 
surveys; hydraulic computer 
modeling; biological surveys; 
engineering design for 
variable flow scenario 
operations 

Generally the same as above Assumed to be federal or state 
ownership and O&M by a local 
maintaining agency; O&M 
agreements and funding 
needed; long-term O&M ESA 
and CESA compliance needed; 
design must consider pool 
backwater effects 
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APPENDIX C: SUMMARY OF PROPOSED RESTORATION ACTIONS AND REQUIRED EVALUATIONS 

TABLE C-1 
Summary of Proposed Restoration Actions and Needed Evaluations 
Reach or 

Area 
Restoration Action 

Proposed Potential Impacts  Evaluation Needed Approvals and Permits Needed Additional Considerations 

Fish screens and 
related fish bypass 
facilities  

Generally the same as 
above; groundwater impacts 
unlikely from fish facilities 

Generally the same as above; 
groundwater surveys and 
monitoring likely not 
necessary for fish facilities 

Generally the same as above Assumed to be federal or state 
ownership and O&M by a local 
maintaining agency; O&M 
agreement and funding needed; 
long-term O&M ESA and CESA 
compliance needed 

Reconfigure the 
Columbia Canal 
Company’s water 
intake and related 
facilities 

Hydrology and hydraulics; 
water quality; air quality; 
biology; cultural; agricultural 
resources (possible loss of 
agricultural lands for new or 
relocated facilities) 

Topographic and channel 
surveys; biological and 
cultural surveys; engineering 
design 

Land easements or acquisition; 
access agreements; NEPA, CEQA; 
ESA; CESA; CWA; CAA; 
Reclamation Board and LSJLD 
Encroachment Permit; State Lands 
Lease and Land Transfer (for new 
intake facilities) 

Assumes a new river intake 
structure would be needed 

 

Mendota 
Pool 
Bypass 
(cont’d) 

Riparian habitat Same as described for 
Reach 2A 

Same as described for Reach 
2A 

Same as described for Reach 2A Same as described for Reach 
2A 

3 Construct levee and 
channel 
improvements 

Same as for levee and 
channel improvements 
described for Reach 2A  

Same as for levee and 
channel improvements 
described for Reach 2A 

Same as for levee and channel 
improvements described for 
Reach 2A 

Same as for levee and channel 
improvements described for 
Reach 2A; additional capacity 
to convey water right flows 
needed beyond restoration flow 
capacity; total capacity of 5,300 
cfs needed (4,500 cfs 
Restoration Flow and about 800 
cfs for water right flows) 

 Replace or modify 
Sack Dam for fish 
passage 

Localized changes in river 
hydrology; possible changes 
in diversion hydraulics 

Channel surveys; possible 
computer modeling and 
hydraulics modeling; biological 
and cultural surveys; 
engineering design 

Approval from San Luis Canal 
Company and access agreements; 
NEPA, CEQA; ESA; CESA; CWA; 
CAA; Reclamation Board and 
LSJLD Encroachment Permit may 
be needed; State Lands Lease 

Fish facilities and/or new dam is 
assumed to be under federal or 
state ownership with O&M by 
San Luis Canal Company; O&M 
agreement and funding needed; 
long-term O&M ESA and CESA 
compliance needed 

 Screen Arroyo Canal Localized changes in river 
hydrology; possible changes 
in diversion hydraulics 

Channel surveys; possible 
computer modeling and 
hydraulics modeling; biological 
and cultural surveys; 
engineering design 

Approval from San Luis Canal 
Company and access agreements; 
NEPA, CEQA; ESA; CESA; CWA; 
CAA; Reclamation Board and 
LSJLD Encroachment Permit may 
be needed; State Lands Lease 

Assumed to be under federal or 
state ownership with O&M by 
San Luis Canal Company; O&M 
agreement and funding needed; 
long-term O&M ESA and CESA 
compliance needed 
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APPENDIX C: SUMMARY OF PROPOSED RESTORATION ACTIONS AND REQUIRED EVALUATIONS 

TABLE C-1 
Summary of Proposed Restoration Actions and Needed Evaluations 
Reach or 

Area 
Restoration Action 

Proposed Potential Impacts  Evaluation Needed Approvals and Permits Needed Additional Considerations 

Screen other 
diversions 

Same as described for 
Reach 1 

Same as described for Reach 
1 

Same as described for Reach 1 None identified at this time 3 (cont’d) 

Riparian habitat Same as described for 
Reach 2A 

Same as described for Reach 
2A 

Same as described for Reach 2A Same as described for Reach 
2A 

Construct levee and 
channel 
improvements 

Same as for levee and 
channel improvements 
described for Reach 2A 

Same as for levee and 
channel improvements 
described for Reach 2A 

Same as for levee and channel 
improvements described for 
Reach 2A 

Same as for levee and channel 
improvements described for  
Reach 2A 

Screen diversions Same as described for 
Reach 1 

Same as described for Reach 
1 

Same as described for Reach 1 Same as described for Reach 1 

4A 

Screen and modify 
Sand Slough Control 
Structure for fish 
passage 

Localized changes in river 
hydrology; possible changes 
in diversion hydraulics 

Channel surveys; possible 
computer modeling and 
hydraulics modeling; biological 
surveys; engineering design 

Access agreements; NEPA, CEQA; 
ESA; CESA; CWA; CAA; possible 
Reclamation Board and LSJLD 
Encroachment Permit 

Assumed to be owned by state 
and operated by a local 
maintaining agency; O&M 
agreement and funding needed 

4B  
(Upper)  
Flow 
Routing 

Decision on flow 
routing for Reach 4B 
(flows routed down 
the Mainstem or 
through the Bypass 
System) 

Varies, see discussion for 
flow routes below 

Compliance with paragraph 11 
in the Settlement and related 
legislative requirements; study 
of alternative routes, costs, 
benefits, and impacts 

Decision to be submitted to 
Congress prior to the restoration of 
any flows other than Interim Flows 
based on existing conditions 

Stakeholder and local agency 
involvement needed in 
decision-making process; see 
discussion in Section 4 

4B  
(Upper)  
Flows 
Routed 
Through 
Mainstem 

Construct levees and 
associated river 
channel and 
floodplain 

Hydrology and flooding 
(changes in river channel 
and flood characteristics); 
water quality; air quality; 
biology; cultural; 
groundwater; impacts to 
adjacent agricultural lands 
and resources as a result of 
increased seepage; impacts 
to residences and 
agricultural infrastructure 

Engineering design to 
determine need for levee 
improvements, slurry walls, 
setback levees, new 
floodplain, and low-flow 
channel including: 
geotechnical studies to 
determine depth and area of 
slurry walls; topographic and 
channel surveys; HEC 
computer modeling; 
groundwater surveys and 
monitoring; and an overall 
mitigation and monitoring 
program  

Land easements or acquisition; 
access agreements; NEPA; CEQA; 
ESA; CESA; CWA; CAA; 
Reclamation Board and LSJLD 
Encroachment Permit; State Lands 
Lease and Land Transfer 

All infrastructure is assumed to 
be owned by state with O&M by 
a local maintaining agency; 
O&M agreement and funding 
needed; long-term 
establishment of a low-flow 
channel may be challenging 
due to high groundwater levels 
and possible damage during 
flood events; landowner issues 
must be addressed and 
mitigated  
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APPENDIX C: SUMMARY OF PROPOSED RESTORATION ACTIONS AND REQUIRED EVALUATIONS 

TABLE C-1 
Summary of Proposed Restoration Actions and Needed Evaluations 
Reach or 

Area 
Restoration Action 

Proposed Potential Impacts  Evaluation Needed Approvals and Permits Needed Additional Considerations 

4B  
(Upper)  
Flows 
Routed 
Through 
Mainstem 
(cont’d) 

Riparian habitat Potential to conflict with flood 
management actions; other 
environmental impacts likely 
minor  

Landscape design; 
engineering analysis to ensure 
sufficient channel capacity 
would exist with mature 
habitat 

NEPA; CEQA; ESA; CESA; CWA; 
CAA; Reclamation Board and 
LSJLD Encroachment Permit 

Environmental impacts likely to 
be minor and streamlined 
analysis and permitting 
possible; need clearly defined 
set of goals for vegetation area 
and structure to managed 
conflicts with flood 
operations/capacities 

 Reconstruct road 
crossings 

Hydrology and flooding 
(changes in the shape of the 
river channel); water quality; 
air quality; biology; cultural 

Topographic and channel 
surveys; HEC computer 
modeling; biological and 
cultural surveys; engineering 
design 

Cooperation and access from 
owners/county; NEPA, CEQA; ESA; 
CESA; CWA; CAA; Reclamation 
Board and LSJLD Encroachment 
Permit; State Lands Lease 

Assumes that road crossings 
would be reconstructed 

Screen diversions Possible changes in pump 
hydraulics 

Possible computer modeling 
and hydraulics modeling 
depending on pump size; 
engineering design 

Cooperation and access from 
owner; NEPA; CEQA; ESA; CESA; 
CWA 

Environmental compliance may 
be minimal for smaller 
diversions 

 

Screen and modify 
Mariposa Bifurcation 
Structure for fish 
passage 

Localized changes in river 
hydrology; possible changes 
in diversion hydraulics 

Channel surveys; possible 
computer modeling and 
hydraulics modeling; biological 
surveys; engineering design 

Cooperation and access; NEPA, 
CEQA; ESA; CESA; CWA; CAA; 
possible Reclamation Board and 
LSJLD Encroachment Permit 

O&M agreement and funding 
needed; long-term O&M ESA 
and CESA compliance needed 

4B  
(Upper)  
Flows 
Routed 
Through 
Bypass 
System 

 

 

 

 

 

Construct levee and 
channel 
improvements 

Same as for levee and 
channel improvements 
described for Reach 2A; 
increase channel width to 
compensate for riparian 
vegetation growth 

Same as for levee and 
channel improvements 
described for Reach 2A 

Same as for levee and channel 
improvements described for  
Reach 2A 

Use of bypass system will 
increase O&M costs, 
agreement and funding needed; 
long-term O&M ESA and CESA 
compliance needed; may 
conflict with current 
authorization and purpose of 
the Bypass System; expanded 
authorization and purpose 
needed; long-term 
establishment of a low-flow 
channel may not be possible 
due to soft channel substrate 
and possible damage during 
flood events 

C-6 WB072007008SAC/359592/072420003 (SANJOAQUINSETTLEMENT_9-19-07V3.DOC) 



APPENDIX C: SUMMARY OF PROPOSED RESTORATION ACTIONS AND REQUIRED EVALUATIONS 

TABLE C-1 
Summary of Proposed Restoration Actions and Needed Evaluations 
Reach or 

Area 
Restoration Action 

Proposed Potential Impacts  Evaluation Needed Approvals and Permits Needed Additional Considerations 

Riparian habitat Potential to conflict with flood 
management actions; other 
environmental impacts likely 
minor  

Landscape design; 
engineering analysis to ensure 
sufficient channel capacity 
would exist with mature 
habitat 

NEPA; CEQA; ESA; CESA; CWA; 
CAA; Reclamation Board and 
LSJLD Encroachment Permit 

Environmental impacts likely to 
be minor and streamlined 
analysis and permitting 
possible; need clearly defined 
set of goals for vegetation area 
and structure to managed 
conflicts with flood operations/ 
capacities 

Screen diversions Possible changes in pump 
hydraulics 

Possible computer modeling 
and hydraulics modeling 
depending on pump/diversion 
size; engineering design 

Cooperation and access from 
owner; NEPA; CEQA; ESA; CESA; 
CWA 

Environmental compliance may 
be minimal for smaller 
diversions 

Screen and modify 
Mariposa Bifurcation 
Structure for fish 
passage 

Localized changes in river 
hydrology; possible changes 
in diversion hydraulics 

Channel surveys; possible 
computer modeling and 
hydraulics modeling; biological 
surveys; engineering design 

Cooperation and access; NEPA, 
CEQA; ESA; CESA; CWA; CAA; 
possible Reclamation Board and 
LSJLD Encroachment Permit 

O&M agreement and funding 
needed; long-term O&M ESA 
and CESA compliance needed 

Modifications to drop 
structures for fish 
passage 

Localized changes in river 
hydrology; possible changes 
in diversion hydraulics 

Channel surveys; possible 
computer modeling and 
hydraulics modeling; biological 
surveys; engineering design 

Access agreements; NEPA, CEQA; 
ESA; CESA; CWA; CAA; possible 
Reclamation Board and LSJLD 
Encroachment Permit 

None identified at this time 

4B  
(Upper)  
Flows 
Routed 
Through 
Bypass 
System 
(cont’d) 

Pumps to drain 
adjacent agricultural 
lands 

Would need electrical supply Minor engineering design and 
evaluation 

Cooperation of landowner  None identified at this time 

4B  
(Lower)  

 

 

 

 

 

 

Construct levee 
improvements 

Air quality; biology; cultural; 
groundwater; impacts to 
adjacent agricultural lands 
and resources as a result of 
increased seepage 

Engineering design to 
determine areas where levee 
improvements may be needed 
and determine the need for 
slurry walls; geotechnical 
studies to determine depth 
and area of slurry walls; 
topographic and channel 
surveys; groundwater surveys 
and monitoring; and an overall 
mitigation and monitoring 
program  

Access agreements; NEPA; CEQA; 
ESA; CESA; CWA; CAA; 
Reclamation Board and LSJLD 
Encroachment Permit 

None identified at this time  
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TABLE C-1 
Summary of Proposed Restoration Actions and Needed Evaluations 
Reach or 

Area 
Restoration Action 

Proposed Potential Impacts  Evaluation Needed Approvals and Permits Needed Additional Considerations 

4B  
(Lower) 
(cont’d) 

Riparian habitat Potential to conflict with flood 
management actions; other 
environmental impacts likely 
minor  

Landscape design; 
engineering analysis to ensure 
sufficient channel capacity 
would exist with mature 
habitat 

NEPA; CEQA; ESA; CESA; CWA; 
CAA; Reclamation Board and 
LSJLD Encroachment Permit 

Environmental impacts likely to 
be minor and streamlined 
analysis and permitting 
possible; need clearly defined 
set of goals for vegetation area 
and structure to managed 
conflicts with flood 
operations/capacities 

Screen diversions  Possible changes in pump 
hydraulics 

Possible computer modeling 
and hydraulics modeling 
depending on pump size; 
engineering design 

Cooperation and access from 
owner; NEPA; CEQA; ESA; CESA; 
CWA 

Environmental compliance may 
be minimal for smaller 
diversions 

5 

Screen Mud and Salt 
sloughs 

Localized changes in river 
and slough hydrology 

Channel surveys; possible 
computer modeling; biological 
surveys; engineering design 

Access agreements; NEPA, CEQA; 
ESA; CESA; CWA; CAA; 
Reclamation Board and LSJLD 
Encroachment Permit; State Lands 
Lease 

None identified at this time 

Abbreviations: 
CAA = Clean Air Act 
CEQA = California Environmental Quality Act 
CESA = California Endangered Species Act   
CWA = Clean Water Act 
ESA = Endangered Species Act 
NEPA = National Environmental Policy Act 
Note: Only primary environmental regulations listed. Compliance with a variety of federal, state, and local regulations would be required.  

 











































































































































 
 

  1

 

 California Regional Office 
201 Mission Street, Fourth Floor 
San Francisco, CA 94105 

tel     [415] 777-0487  
fax    [415] 777-0244 

nature.org  
nature.org/california 

 
 
 

September 20, 2007 

Scoping Comments for the San Joaquin River Restoration Program – Phase I 
 
The Nature Conservancy (the Conservancy) appreciates the opportunity to comment on Phase I 
of the San Joaquin River Restoration Program. The Nature Conservancy’s mission is to 
preserve the plants, animals and natural communities that represent the diversity of life on Earth 
by protecting the lands and waters they need to survive. The Habitat Restoration Goal is “to 
restore and maintain fish populations in "good condition" in the main stem of the San Joaquin 
River below Friant Dam to the confluence of the Merced River, including naturally reproducing 
and self-sustaining populations of salmon and other fish.” Accordingly, The Conservancy fully 
supports the Habitat Restoration Goal, and our comments primarily are directed toward this goal 
by emphasizing the importance of integrating riparian and floodplain habitat more closely into 
the Program plan in order to benefit not only salmon and other native fish but the suite of 
species that rely on the San Joaquin River and its adjacent habitats.  

Importantly, expanding riparian and wetland habitats that are hydraulically connected to the river 
will benefit salmonids, which have higher growth rates and survival when rearing on inundated 
floodplains compared to in the main channel (Sommer et al. 2001, Limm and Marchetti 2003).  
Other native fishes (e.g., Sacramento splittail) benefit from increased access to inundated 
floodplains by having greater opportunities for reproduction.  Restoring riparian and wetland 
habitats is also beneficial to native fishes in that it provides inputs of large woody debris and 
helps generate diverse channel features and robust food webs (Cosumnes report reference).  

In addition to benefiting salmon and other native fish species, the San Joaquin River 
Restoration Program has tremendous potential to aid the recovery of a broad suite of other 
important taxa in the region.  Consequently, program managers should make every effort to 
evaluate how alternative implementation scenarios will affect not only salmon, but also the wider 
range of species and natural communities that represent the tremendous range of biodiversity in 
the area. 

In particular, there are opportunities to expand floodplain riparian habitats which will help 
recover a suite of important community types including willow scrub, cottonwood forest, mixed 
riparian forest, sycamore alluvial woodland, elderberry savanna and valley oak woodland.  
These habitats have the potential to support many valuable and rare species including birds 
(e.g., least bell’s vireo, yellow-billed cuckoo, Swainsons hawk), mammals (e.g., San Joaquin 
pocket mouse) and amphibians (e.g., California tiger salamander, western spadefoot toad).   

Restoring floodplain riparian areas that adjoin the river will also benefit wildlife species that 
inhabit a suite of surrounding habitat types including wetlands and alkali scrub, a habitat type 
that is situated on the rim of wetland basins in the area.  Wetland species likely to benefit from 
these actions include giant garter snake, western pond turtle and tricolored blackbird.  Although 
alkali scrub associated species (e.g., blunt-nosed leopard lizards, kangaroo rats and San 
Joaquin kit fox) are not typically found in low lying riparian zones, they benefit when their 
habitats are embedded in a large landscape matrix of interconnected natural habitats.  Such 
connections are entirely possible within the context of San Joaquin River restoration, and if 
made they would promote the revitalization of natural processes which are essential for 
maintaining habitat quality. 

In summary, we encourage the San Joaquin River Restoration Program managers to evaluate 
the anticipated impacts of the different implementation scenarios on the full range of natural 



 
 

species and communities in the Project Area.  As is detailed in the Restoration Strategies 
Report (Stillwater Sciences 2003), there are many opportunities to revitalize the San Joaquin 
River that will provide benefits to not only salmon and other fishes, but also the larger riparian 
and wetland complex in the area.  Our experiences on the Sacramento River have shown us 
that floodplain restoration efforts can successfully promote the recovery of a wide range of 
wildlife species (Golet et al. in review).  On the San Joaquin River, the biodiversity and number 
of special status species are among the highest in the Central Valley; thus every effort should 
be made to adopt restoration scenarios that, while benefiting salmon and other native fish, can 
also benefit the broadest range of species.   
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